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Abstract—–PCI Express is a modern, high-performance 

communication protocol implementing sophisticated 

features to meet today’s performance demands. This paper 

looks at the success of the widely adopted PCI Express 

protocol and describes a higher performance. This paper 

presents the proposal of the implementation of the Data Link 

Layer Receiver of PCI-Express, in which the architecture 

contains the Receiver module which ensures the reliability 

conveying of the Transaction Layer Packets (TLPs) between 

two components using the PCI-Express protocol. The 

Receiver module will take part into the communication via 

receiving data from the Physical Layer and supplying it to 

the Transaction Layer with several communication 

parameters. Here High Level as well as Detailed Design for 

the Receiver section with the sub modules are presented.  

The attributes presented here are amongst positive/negative 

acknowledgements, flow control, storage and retry buffers 

(for failed packets), power management for successful 

communication.  
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I. INTRODUCTION 

The PCI bus has been widely used for the last 10 years and 

it will be used for the next few years. However, todays and 

tomorrow's processors and I/O devices are demanding much 

higher I/O bandwidth than PCI can deliver 
[1]

. PCI Express 

is a high performance, general purpose I/O interconnects 

defined for a wide variety of future computing and 

communication platforms. Key PCI attributes, such as its 

usage model, load-store architecture, and software 

interfaces, are maintained, whereas its parallel bus 

implementation is 5 replaced by a highly scalable, fully 

serial interface 
[1]

. PCI Express takes advantage of recent 

advances in point-to-point interconnects, Switch-based 

technology, and packetized protocol to deliver new levels of 

performance and features. Power Management, Quality of 

Service (QoS), Hot- Plug/Hot-Swap support, Data Integrity, 

and Error Handling are among some of the advanced 

features supported by PCI Express. The PCI Express 

architects have carried forward the most beneficial features 

from previous generation bus architectures and have also 

taken advantages of new developments in computer 

architecture 
[1]

. The predecessor Bus PCI has some 

limitations and to overcome those limitations PCI Express 

has been introduced, which will be analyzed here. 

 

Fig. 1: PCI Express Link 

As shown in Figure 1, a PCI Express interconnect 

consists of either a x1, x2, x4, x8,x12, x16 or x32 point-to-

point Link. A PCI Express Link is the physical connection 

between two devices. A Lane consists of signal pairs in each 

direction. A x1 Link consists of 1 Lane or 1 differential 

signal pair in each direction for a total of 4 signals. A x32 

Link consists of 32 Lanes or 32 signal pairs for each 

direction for a total of 128 signals. The Link supports a 

symmetric number of Lanes in each direction. During 

hardware initialization, the Link is initialized for Link width 

and frequency of operation automatically by the devices on 

opposite ends of the Link. No OS or firmware is involved 

during Link level initialization 
[6]

. 

 
Fig. 2: PCI Express Device Layers

 

The PCI Express specification defines a layered 

architecture for device design as shown in Figure 2. The 

layers consist of a Transaction Layer, a Data Link Layer and 

a Physical layer. As shown in the figure, the packet 

communication takes place in all the layer. Transmitter side, 

data is inserted from the device core and further processed 

in the packet form. Other informations such packet number, 

LCRC, ECRC are appended by each layer separately for 

robust communication and at the receiver side, the reverse 

process takes place and at the end, the raw data is captured 

by the device end at the receiver by removing all indicating 

header and footers.  

 
Fig. 3: Packet flow through the layers 

[1] 

As discussed above, packet transmission is 

manipulated in all the layers as shown in the Figure 3. All 

we need to deal is to transmit the Data Payload from 

Transmitter to Receiver. As shown in the above figure, the 

assembly operation of the packet inside the PCI Express 

generation at different layers. The software layer/device 

core sends to the Transaction Layer the information required 

to assemble the core section of the TLP which is the header 

and data portion of the packet. Some TLPs do not contain a 

data section. An optional End-to-End CRC (ECRC) field is 

calculated and appended to the packet. The ECRC field is 
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used by the ultimate targeted device of this packet to check 

for CRC errors in the header and data portion of the TLP 
[6]

. 

A neighbouring receiver device receives the 

incoming TLP bit stream.  As shown in Figure 4, the 

received TLP is decoded by the Physical Layer and the Start 

and End frame fields are stripped 
[6]

.  

 
Fig. 4: De-assembly of packets through layers 

[1]
 

So here the De-assembly mechanism has been 

presented which will be done at Receiver side.  

II. PROPOSED ARCHITECTURE OF DLL 

The receiving Data Link Layer is responsible for checking 

the integrity of received TLPs and for submitting them to 

the Transaction Layer for further processing. Data Link 

Layer is responsible for reliably exchanging information 

with its counterpart on the opposite side of the Link. 

Initialization and power management services 
[7]

.  

It is also responsible to accept power state Requests 

from the Transaction Layer and convey to the Physical 

Layer. It also conveys active/reset/disconnected/power 

managed state to the Transaction Layer i.e. Data protection, 

error checking, and retry services, CRC generation, 

Transmitted TLP storage for Data Link levels retry, Error 

checking, TLP acknowledgment and retry messages, Error   

indication   for   error   reporting   and logging 
[7]

. All these 

attributes have been covered and designed here and shown 

in this paper with the architectural view. 

 
Fig. 5: Proposed architecture of PCIe Receiver 

As shown in the above Figure 5, an architecture 

with all the sub modules included in the design at the 

receiver side which has been implemented. All the modules 

have been described as below with their functionalities.  

A. DLLP Differentiator 

This module differentiates between TLPs and DLLPs 

through the indication of the Physical Layer about the kind 

of data that is passing. This block receives 8 bit Data and 

has two outgoing paths, one to send the DLLPs to the CRC 

Calculator Check and another one to send TLPs to LCRC 

Calculator Check, where the validation of data will be done. 

Let’s we consider that the data that comes from the Physical 

Layer is a TLP. 

B. LCRC Calculator Check 

This block performs additionally to the calculation of the 

LCRC (32 bits). 32 bits LCRC is generated from the 

payload data bits and other header information received 

from the Transmitter. Last 32 bits received (LCRC bits 

generated from Transmitter) are not taken into account. The 

LCRC Calculator Check compares the LCRC value of the 

TLP with the LCRC value calculated. After this comparison, 

the LCRC Calculator check sends a signal to the Rx Buffer 

that the LCRC verification is correct or fails. For LCRC 

module, the divisor used is 04C11D57. 

C. Receive Buffer 

It stores temporally the TLPs that are incoming from the 

Physical Layer. When the TLPs arrive from Physical Layer, 

the LCRC Calculator Check verifies that the TLP is not 

corrupt. At the same time the TLP is been stored in the Rx 

Buffer. The buffer sixe has been kept of 2048 bytes which is 

same as it is kept in Tx buffer. It stores the TLP (i.e. TLPs 

with the sequence number and LCRC appended by the Data 

Link Layer Transmitter) packets on the temporary basis. 

Sequence number (12 bits) and LCRC (32 bits) are 

discarded after their respectively. Only TLPs with payload 

Transaction Layer header are sent to the Transaction Layer. 

After the Physical Layer asking for the Transaction request, 

on the basis of that Receive Buffer responds with Buffer 

Credits available telling the Physical Layer about the 

number of vacant positions in Receive buffer. For every 

Negative Acknowledgement, the address pointer gets 

updated to the sequence number with the corrupt packet.  

D. CRC Calculator Check 

This block compares the CRC value (16 bits) of the DLLP 

with the calculated CRC value in the CRC Calculator 

Check. If the DLLP is correct, then the CRC Calculator 

check indicates to the Control module that the DLLP was 

received without error, and the DLLP is processed. If it is 

not the case, the DLLP is ignored by the Data Link Layer 

without a further action. 

E. Next Receiving Sequence 

Next Receive Sequence (nrs) shows the next expected 

sequence of the TLP to be received from the Transmitter 

side. For every LCRC pass or Fail, this module will update 

its next sequence value, which it is expecting from 

Transmitter to be received. 

 If tlp=nrs, it would get incremented. 

 If tlp<nrs or tlp>nrs; it would not get incremented and 

keep its value as it was. 

It is a 12 bit counter counting from 0-4095 and 

rolls over after reaching to maximum value. It sends 

Negative Acknowledgement when either LCRC or 

Sequence check got failed and sends Positive 

Acknowledgement when LCRC, Sequence number check 

are approved successfully. 

F. Sequence Number Check 

After successful check of LCRC error done, sequence 

number check is to be done afterwards to validate the 

sequence number, which is expected to be arrived. The 

comparison is performed between the Next Receive 

Sequence and TLP Sequence number. 

 If TLP Sequence number = Next Receive Sequence 

Number; TLPs are not said to be corrupted and 

Acknowledgement is sent for this sequence number 

packet to the Transmitter. 

 If TLP Sequence number < Next Receive Sequence 

Number; TLPs are duplicated i.e. we have already sent 

the acknowledgement for this particular packet. Hence 
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Acknowledgement is sent for this sequence number 

packet to the Transmitter. 

 If TLP Sequence number > Next Receive Sequence 

Number; then the sequence number we expected has 

been skipped and TLPs is said to be corrupted and 

hence we need to send the Negative Acknowledgement 

to the Transmitter. 

G. Ack Nak Latency Timer 

This timer has a value, which is approximately 1/3
rd

 of 

Transmitter Replay timer. When the timer expires, the 

receiver schedules an Ack DLLP with the sequence number 

of a last good unacknowledged TLP. It is used to send 

Ack/Nak DLLP for the received TLP before the Transmitter 

Replay timer expires. It resets when either Ack/Nak is 

scheduled or Data Link Layer is in Inactive State. 

                 

  (
                          

         
)

                            

 
Table 1 Latency timer limit according to Payload size 

and Link width 
[1] 

H. FSM Design DLL Controller
 

The Finite State Machine designs have been done for LCRC 

check and Receive buffer which clears the big picture of the 

logic being implemented inside the Data Link Layer.  

 
Fig. 6: State Transmissions for PCIe Receiver 

First of all, TLP and DLLP packets are received via 

DLLP differentiator. The state is in Idle mode that time, It 

will then check for the credit availability and then update the 

TLPs in the receive buffer. Sequence Number check and 

LCRC comparison takes place then. At the end Positive 

Acknowledgement (Ack) or negative Acknowledgement 

(Nak) is generated and sent to Transmitter. 

 
Table 2 State Transitions for Receive Buffer Check 

III. SIMULATION RESULTS 

All the modules design has been coded in Verilog language 

and for results, the simulation has been done in Modelsim 

PE Student edition simulator. After designing the PCI-

Express Data Link Layer Receiver, Linting has been done 

over it using HDL companion tool to check the modularity 

of the design code. After Linting, Synthesis has been 

completed using Xilinx Vivado software and verified timing, 

power and utility report. 

Simulation results of some of the important 

modules are given below. 

 

Fig. 7: Result for Parallel LCRC generation 

Figure 7 shows the generation of the LCRC which 

consist of 32 bits for every received packet from 

Transmitter. IT calculates LCRC for whole the packet 

except the last packet which contains the generated LCRC 

as it has to compare the Generated LCRC at the receiver 

side with received LCRC from Transmitter side to make the 

further transaction happen. 

 

Fig. 8: Result for Next Receive Sequence generation 

Figure 8 shows the expected receiving packet 

which is of 32 bits and expected to be received from 

Transmitter. As shown in figure, it gets incremented for the 

successful reception of TLP packets. 

 



Configurable Design of PCI Express Data Link Layer Receiver 

 (IJSRD/Vol. 2/Issue 03/2014/390) 

 

 All rights reserved by www.ijsrd.com 1517 

 
Fig. 9: Results for Credit Count for Receive buffer 

It shows the available credits in the receive buffer, so that 

other layers can start communicating after getting 

acknowledgement of this. If the buffer doesn’t have enough 

credits, communication cannot be started.  

 
Fig. 10 Results for FSM Generation 

Figure 10 shows the FSM result for LCRC calculation and 

comparison. We can see that last packet which has been 

received from Transmitter which is generated LCRC is not 

taken into account while calculating it in Receiver side. 

Here after receiving whole the packet with LCRC generated 

from transmitter side, at receiver LCRC can be compared so 

that any corruption in data can be fetched over here 

indicating LCRC pass or fail. 

 

Fig. 11: Results for Rx Buffer behavior with error 

 

Fig. 12: Results for Rx Buffer behavior with no error 

As we can see from above Figure 11 & 12, we have 

the data stored in the Receive buffer after Ack or Nak. In 

figure, the Error Indication signal such as Buffer Full, 

Buffer Empty etc. also used to deal with the communication 

with the upper and lower layers. First figure shows the 

behavior with error indication signals and the second one 

indicates the behavior without any error. 

IV. SCOPE AND CONCLUSION 

Hence from all the above review of papers and published 

specifications, it can be said that PCI Express is the next 

generation communication protocol and it can be laid to 

mobile, network and other endpoints too. It has definite 

advantages as it has some advanced attributes like point to 

point protocol, enhanced error control, enhanced flow 

control, faster access times, data clock embed in the serial 

bits itself. Designing a Data Link Layer with these attributes 

for Transmitter and Receiver will result into customized IP 

core for Data Link Layer. We are able to add and enhance 

the features for flow and error control too as per the 

application specific requirement. We can overcome the 

drawbacks of fixed buffer size at the receiver side with the 

replay timer configuration to make the efficient 

communication with the further layers of PCI Express. 

I have completed the project specifications, High 

level Design and Detailed Design of the project. Coding and 

Synthesis part is done too with the above specifications.   

An efficient design have been made which is highly 

customizable and can be linked to other IPs. The design is 

made on modular bases, so future extension can be done 

very easily with higher standards of the protocol. It has 

forward as well as backward compatibility too.  
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