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Introduction of Packet Data Convergence Protocol (PDCP) in GERAN

1. Introduction

PDCP is introduced in Iu mode of GERAN R5 and will replace SNDCP and LLC of GPRS. It has been decided that GERAN will use the same PDCP as in UTRAN [1]. This paper aims to summarize the impacts of introducing PDCP in GERAN. 

2. Issues on introducing PDCP

2.1. Lossless SRNS relocation

This issue is not purely related to PDCP, but is rather a result of having lossless SRNS relocation as a requirement. In case of lossless SRNS relocation PDCP has a local sequence number which is associated with each PDCP PDU and does not go over the radio interface between the PDCP entities. These sequence numbers are then exchanged by RRC when performing the SRNS relocation. This is done in order to avoid loss or duplication of packets.

In order to support lossless SRNS relocation RLC is required to operate in acknowledged mode and to have in-sequence delivery. Both of these functions are supported in GPRS/EGPRS today and will be supported in R5.

There is also an additional function required which is called stop/continue [2]. It is triggered by RRC and stops the RLC protocol when starting the SRNS relocation and resumes (or resets) RLC when the relocation has been completed. This is needed to avoid duplications. This is a new function that has to be introduced in RLC in order to support lossless SRNS relocation.

The receiving RLC entity also needs to inform PDCP when an RLC SDU at the transmitting side has been discarded, which is not possible with today’s working assumption on SDU discard, since there is no explicit signalling between the RLC entities when a SDU is discarded. Either the working assumption has to be changed or the PDCP specification has to be changed to also allow for this indication from RLC to PDCP on the transmitting side.

2.2. Removal of the FCS function in LLC

In GPRS/EGPRS error detection is performed on two levels, one on the physical layer and one on LLC. In GPRS the physical layer CRC is 16 bits and in EGPRS it is 12 bits. The CRC added on LLC is 24 bits independent of if it is GPRS or EGPRS. This would give a very low probability of undetected errors (<10-10, see below).

When introducing PDCP the error detection function on LLC level will be removed and PDCP will not provide any error detection function. A good estimation of the probability of an undetected error pattern in an RLC SDU would be [4];

PUE ( 2-length of CRC
This would give PUE ( 2(10-5 in case of GPRS and PUE ( 3(10-4 in case of EGPRS. Assuming 10 RLC/MAC blocks per PDCP PDU would give PUE ( 3(10-3 on PDCP level. This is a bit high and might have significant impacts on higher layers and applications. It is not possible to fulfill the value range given in  [5] either, where the residual bit error range could range down to 6(10-8. A solution to the problem could be to introduce a CRC on RLC SDU level.  

In UTRAN this problem is handled on the physical layer, which can provide different CRCs depending on the service (0, 8, 12, 16 or 24). This doesn’t seem to be a feasible solution when using GPRS/EGPRS channel coding since it will introduce a new set channel coding schemes.
3. Summary


The following changes to RLC due to introduction of PDCP have been identified:

· A new stop/continue function is needed.

· The SDU discard function has to be changed or PDCP has to be updated according to the current SDU discard function. It seems like the changes to PDCP are small and therefor it is the preffered solution. The changes would be GERAN specific changes. The alternative is to adopt the proposal of including the SDU discard mechanism of UTRAN in GERAN [6].

· A CRC on RLC SDU level might be needed.
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