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1 Introduction

This contribution re-investigates the usage of PDCP sequence numbers for RLC PDUs. A header format for RLC PDUs that uses RLC sequence numbers proposed in [1] is compared to a header format for RLC PDUs based on a PDCP SN reuse. The header overhead created by the two approaches on sequence numbers for different concatenation and segmentation scenarios is analysed. Further issues of PDCP SN reuse in RLC PDU header are discussed.
As a conclusion, for reasons shown in this document we propose to use a unique and independent RLC sequence number in the RLC PDU header.

2 Discussion

In the RAN2#56 meeting in November 2006, it was decided that the PDU sequence number used in the RLC header is independent of the SDU sequence number (which would be PDCP SN). However, this decision was made under the assumption, that PDCP and RLC sub-layers are located in different network entities.

In the joined RAN2/RAN3/SA2 meeting in St. Louis in February 2007, it was decided to locate PDCP functionality within eNB. This implies a new investigation on the possible re-usage of PDCP SN as sequence number for RLC PDUs.

2.1 RLC PDU header format

The header format for RLC AM mode has to be tailored to support the following functions of the RLC layer

· Concatenation of SDUs from the same Radio Bearer in on RLC PDU

· Segmentation of SDUs into variable size RLC PDUs

· Re-segmentation of RLC PDUs that need to be retransmitted. This occurs if PDU size is larger than new TB size available for the retransmission. There is no limit on the number of PDU re-segmentation.

· Error correction by ARQ

In order to support the above-mentioned functions, we proposed a RLC PDU header format as described in [1]. Below we will discuss the consequences if we reuse PDCP sequence numbers instead of using unique RLC sequence numbers.

2.2 Overhead comparison of header formats

Segmentation and concatenation of RLC SDUs is done sequentially by splitting RLC SDUs into RLC SDU segments. The size of the RLC SDU segments is governed by the size of the current transport block. By consequence of the sequential segmentation there can only be RLC SDU segments at the beginning and/or the end of the payload of the RLC PDU or the payload consists solely of  RLC SDU segments. This concludes that there can be M RLC SDU segments in the RLC PDU payload where 0≤M≤2. The payload can contain N full RLC SDUs where N can be a number starting from 0 (i.e. there are no full RLC SDUs in the payload). 

Considering the above, we can identify the following RLC PDU payload constellations.

· Case A: payload consists of full RLC SDUs only(N ≥ 1,M=0)

· Case B: payload contains full RLC SDUs and RLC SDU segments (N≥1, M≠0)
If N>=1 then the included RLC SDU segments are either end segments and/or start segments.

· B1: both start and end of the payload contain a RLC SDU segment (M=2)
RLC 

· B2: only the start or the end contains a RLC SDU segment (M=1)

· Case C: payload contains only RLC SDU segments (N=0, M≠0)

· C1: payload contains an end segment of the current RLC SDU and a start segment of the next RLC SDU (M=2)

· C2: payload contains only one RLC SDU segment (M=1)
The segment can either be a start, middle or end segment.

An assumption for further analysis is that RLC SN header field size is smaller or equal to PDCP SN header field size. This is due to concatenation of several PDCP PDUs into one RLC PDU. Furthermore a header field for indicating the offset position relative to the full RLC SDU is needed for identifying RLC SDU segments when PDCP SN is reused. Dependant on the exact design, this field might be 6 to 11 bit in size where the first number relates to the bit size for an approach using (sub)sequence numbers and the second number relates to the usage of byte offset indication. The following analysis is from PDCP SN reuse viewpoint. A visualized header comparison of both PDCP SN reuse and unique RLC SN for the cases identified above is provided in the annex at the end of this document. Note that this analysis does not consider PDCP SN compression in case of RLC SN use, i.e. the assumption is made that in RLC SN case each RLC SDU (segment) contains the PDCP SN in the payload. 

· Case A: reuse of PDCP SN would save RLC SN and N-1 times the PDCP SN of concatenated RLC SDUs

· Case B: reuse of PDCP SN would save bits of RLC SN and N times the bits of PDCP SN of concatenated RLC SDUs (N+1 for Case B1). In both cases offset information has to be added for the PDCP SN reuse, i.e. one field for case B2 and two fields for B1.

· Case C:  In this case we have to differentiate between cases C1 and C2

· C1: reuse of PDCP SN would save RLC SN and PDCP SN of concatenated RLC SDU start segment, however offset positions would have to be indicated so an additional 12-22 bits have to be spend. This concludes that PDCP SN reuse would save the RLC SN but use more on additional offset information.

· C2: most likely larger PDCP SN is replacing smaller RLC SN and additional offset indication field is needed so that more bits are spent.

Roughly summarizing the above analysis, if compared to a separate RLC SN, the reuse of PDCP SN is more efficient regarding header overhead for concatenation and less efficient regarding segmentation. However, the overhead differences are low to marginal except for intensive segmentation, which might be rare.
2.2.1 Overhead of RLC status report for RLC PDUs

In comparison to RLC SN usage, the reuse of PDCP SN implies the inclusion of offset information into the status report. Therefore, the reuse of PDCP SN would result in a larger RLC status report.

2.3 Further issues with PDCP SN reuse

Apart from header overhead differences and RLC status report differences discussed in above sections, there are further concerns for reusing PDCP SN in RLC PDU. The following  concerns that existed in regard to a reuse don’t exist anymore in the new architecture where PDCP and RLC are located in the same network entities. 

· The detection of missing PDCP SN in RLC is no longer necessary since transport of PDCP PDUs to RLC is no longer done via a lossy interface.

· Since there is no lossy interface between PDCP and RLC anymore, this makes indication of next expected sequence number in RLC reset method obsolete.

However, the concerns for PDCP SN reuse listed below are still valid for PDCP in eNB architecture.

· Using the same sequence number in different parts of the protocol stack creates interdependency and might cause problems in resetting single entities

· Different sizes of PDCP SN for different services have been agreed in RAN2. This will create at least two different mappings from PDCP SN to RLC SN if PDCP SN is reused.

· Detection of missing PDCP SN might cause extra complexity when forwarding RLC PDUs during handover from source eNB to target eNB via X2 interface. This could also result in an unsuccessful retransmission request by UE to target-eNB after handover completion.

One additional issue is raised in case of PDCP SN reuse and RLC SDUs without an assigned PDCP SN.

· For example, RoHC feedback packets are created in PDCP layer. According to [2] these packages have no PDCP SN assigned. Additional effort has to be spend for such packages when PDCP SN is reused in RLC PDU. Solutions include such assigning a ‘fictitious’ PDCP SN or a SDU SN as described in [3]. However, the RLC SN approach would render a cleaner and less complex solution to this problem.
3 Conclusion
Given the above header analysis for RLC PDUs using unique RLC SN and RLC PDUs reusing PDCP SN as well as the listed concerns with a reuse of PDCP SN in RLC we propose to keep RAN2’s current position in using a unique and independent RLC sequence number for use in the RLC PDU header.

4 Annex

In order to compare the header structures of both PDCP SN reuse and unique RLC SN approach the annex provides examples of  header layouts for all identified cases described in section 2.2. Note that dimensions of header fields do not necessarily correspond to size relations in bits. In order to reuse PDCP SN RLC needs to have functionality for extracting PDCP SN from RLC SDUs. The consequence is that in the PDCP SN reuse case RLC SDU (segment) payload does not carry the PDCP SN. Furthermore, not all possible fields are included. The intention of this section to give an overview on the differences of arrangement of the main header fields currently under discussion. 
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Case B1:
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Case B2:
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Case C1:
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Case C2:
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