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1	Introduction
During RAN2#95 meeting, some contributions (like [1] and [2]) proposed the scheme of using a common Sequence Number for PDCP and RLC in NR UP instead of implementing separate SNs like in current LTE. Also in the post meeting email discussions [3]-[4] on concatenation and reordering, respectively, utilizing a common SN has been proposed.
In this contribution, we analyse the implications of this proposal, its advantages and drawbacks.
2	Discussion
In LTE both PDCP and RLC layers implement their own Sequence Numbers. PDCP encodes SN per PDCP SDU and utilizes it for ciphering, reordering, duplicate detection, SDU discard, and status reporting/re-transmission; RLC employs SN per RLC PDU – which may include one or many RLC SDUs or RLC SDU segments – and utilizes it for ARQ, reordering & reassembly, duplicate detection, and status reporting/re-transmission. The need for separate sequence numbers was driven by the design choices of, for instance, supporting concatenation function by the RLC layer and to run ARQ function on a per RLC PDU basis – the combination of these two functions in the same protocol layer required the adoption of RLC SN. Furthermore, the ciphering was intended to be decoupled from the ARQ function by placing it into the PDCP which required PDCP to implement its own SN.
Observation 1: The adoption of separate SN for PDCP and RLC in LTE was a result of design choices for PDCP and RLC functions.
As discussed above, the possibility to support common SN for NR PDCP and RLC depends also on the functions split between the NR UP entities – the main obstacle seems to be if the concatenation was to be supported by the RLC layer also in NR assuming the ARQ would still reside there. Based on the discussion in the last RAN2 #95 meeting [5] as well as in [3], however, many companies are seeking removal of concatenation function from RLC layer (to be performed by MAC) to simplify the UP processing, especially in the Tx side. With this assumption RLC could be thought to enforce ARQ on per RLC SDU (PDCP PDU) or per RLC SDU segment basis (if LTE based approach was assumed). Considering the latter scheme, RLC SN would be running faster than PDCP SN as one PDCP PDU might be segmented multiple times in RLC requiring potentially bigger SN space in RLC to that of PDCP. This approach seems not desirable as segmentation information can also be indicated utilizing the same SN in the segments which is exploited, e.g., in LTE re-segmentation concept; and such concept is anyway needed to be able to support re-segmentation upon re-transmission as discussed in [6]. Thus, it makes sense to use SN per RLC SDU (PDCP PDU). Then, if RLC was to exploit its own SN on top of PDCP SN, the same data payload (PDCP SDU) would be assigned two independent SNs which would have 1-on-1 mapping – in this case the PDCP SN could be utilized also by RLC.
Observation 2: If concatenation function was to be removed from RLC layer, RLC SN should run per RLC SDU (PDCP PDU) basis to avoid bigger SN space than necessary.
Observation 3: With the design assumption of Observation 3, the PDCP SN and RLC SN would have 1-on-1 mapping for the carried data payload (PDCP SDU) in which case utilizing the PDCP SN also by RLC becomes possible.
2.1	Implications of using PDCP SN at RLC in NR
Assuming the above described concept for RLC design to be able to exploit PDCP SN also by RLC, some implications are foreseen:
SN overhead reduction
Compared to LTE structure, the SN contribution to header overhead can be reduced.
RLC dependence on PDCP
RLC layer operation would depend on PDCP populating SN for the packet. This requires RLC to understand PDCP header structure which is already required in LTE system to support timer-based SDU discard. In principle, this does not result in cross layer issues as the performed functions remain independent for both layers. 
Dual Connectivity/PDCP discard
The RLC or rather ARQ inside should be able to comply with SN gaps for split bearers when PDCP distributes the PDCP PDUs between the dual connectivity legs. The same issue applies in case of timer-based SDU discard is to be supported in the PDCP.
LTE-NR tight interworking
In case of split bearer (3C) was to be supported with anchor PDCP at LTE, NR RLC should be able to understand LTE PDCP header structure. This would not apply for the SCG bearers or the new split bearer type where the UP termination point is in the NR (assuming NR as SeNB).
Complexity reduction
There would be no need to maintain multiple SNs. If COUNT was used as PDCP SN as discussed in [7] and [8] or generally if PDCP was the only layer employing SN, LTE issues with implementing support for multiple SN sizes by multiple layers could be removed.
ARQ status report
RLC ARQ status report size would depend on the used PDCP SN size. However, as discussed above, by removing concatenation function from RLC the RLC SN space becomes comparable to that of PDCP SN space.
Implementation flexibility
The design would allow flexibility in implementation as Rx entities are able to determine the mapping between RLC PDU (or PDU segment) and PDCP PDU immediately. For instance, reordering and reassembly functions could be performed together by implementation.
The above impact analysis show there are some side effects adopting the concept of using PDCP SN also at RLC in NR, however, the issues are deemed rather insignificant comparing the benefits the scheme would provide in terms of overhead reduction and implementation flexibility/complexity reduction.
Observation 4: Using PDCP SN at RLC has benefits in terms of overhead reduction and implementation flexibility/complexity reduction but requires some issues to be taken into account.
Proposal 1: Consider design enablers to be able to exploit PDCP SN for ARQ at RLC.
Proposal 2: Support exploiting PDCP SN for ARQ at RLC as a baseline solution for NR. 
3	Conclusion
In this contribution we analysed the implications foreseen if PDCP SN was to be used also for ARQ at RLC layer. Based on the made analysis, we made the following observation/proposals:
Observation 1: The adoption of separate SN for PDCP and RLC in LTE was a result of design choices for PDCP and RLC functions.
Observation 2: If concatenation function was to be removed from RLC layer, RLC SN should run per RLC SDU (PDCP PDU) basis to avoid bigger SN space than necessary.
Observation 3: With the design assumption of Observation 3, the PDCP SN and RLC SN would have 1-on-1 mapping for the carried data payload (PDCP SDU) in which case utilizing the PDCP SN also by RLC becomes possible.
Observation 4: Using PDCP SN at RLC has benefits in terms of overhead reduction and implementation flexibility/complexity reduction but requires some issues to be taken into account.
Proposal 1: Consider design enablers to be able to exploit PDCP SN for ARQ at RLC.
Proposal 2: Support exploiting PDCP SN for ARQ at RLC as a baseline solution for NR. 
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