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1   Introduction
The usage of PDCP SN in RLC was discussed in previous meetings and there is no consensus yet. Currently, the working assumption that support the no concatenation in RLC solution was achieved and we will revisit and discuss this issue in details by taking the above working assumption into account.
2   Discussion
Based on the working assumption of no concatenation in RLC, it can be concluded that one RLC PDU contains at most one RLC SDU i.e. PDCP PDU. One RLC PDU either consists of an entire PDCP PDU or consists of a PDCP PDU segment. In legacy LTE, the SN field of RLC indicates the sequence number of the corresponding RLC PDU. If the legacy mechanism is reused in case of no concatenation in RLC, it means that the SN field indicates the sequence number of an entire PDCP PDU or a PDCP PDU segment. Some companies pointed out that, when the SN field of RLC indicates the sequence number of an entire PDCP PDU, it has duplicative functionality as the PDCP SN. Hence some companies discussed to use PDCP SN in RLC layer. Here, three options could be considered for PDCP and RLC SNs:
1. To have PDCP SN and no RLC SN 
2. To have RLC SN and no PDCP SN
3. To have both PDCP SN and RLC SN. 
2.3   To have PDCP SN and no RLC SN
For the first option, there is PDCP SN in PDCP PDU header and no RLC SN in RLC PDU header as depicted in Figure 1. 
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 Figure 1 To have PDCP SN and no RLC SN
As shown in Figure 1, in case of segment (right), there is a serious problem for both Tx side and Rx side to perform ARQ and packet identification as some RLC PDUs include neither PDCP SN nor RLC SN. Consequently, the RLC layer cannot perform ARQ, reassemble and duplication detection. Besides, at RAN2#95bis meeting, following agreement was made for RLC SN.
	Agreement:

- RLC adds an RLC SN


Therefore, we will not discuss the first option furthermore.
Proposal1: Considering the agreement that RLC adds an RLC SN and the serious problem in case of segmentation, the option of having PDCP SN and no RLC SN is not to be considered.
2.4   To have RLC SN and no PDCP SN
For the second option, there is RLC SN in RLC PDU header and no PDCP SN in PDCP PDU header, as depicted in Figure 2. 
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Figure 2 To have RLC SN and no PDCP SN
By removing PDCP SN, the PDCP header overhead decreases. The issue of PDCP SN length configuration does not exist anymore and it is beneficial to simplify PDCP operations. However, as analyzed in [1], the overhead decreased by using single SN is relatively small. Besides, as there is no PDCP SN in PDCP layer, the PDCP cannot support the re-ordering functionality which collides with the following agreement achieved in last RAN2#96 meeting. In legacy LTE, the PDCP re-ordering functionality is performed in split bearer case and other special cases. In NR, the RLC re-ordering is removed and the PDCP re-ordering functionality is used in all cases which include split bearer case, non-split bearer case and other special cases. Thus, the re-ordering functionality in PDCP is more and more important. Then the PDCP SN is an essential part of PDCP layer. Therefore, we propose not to discuss having RLC SN and no PDCP SN in NR. 
Agreements

1
PDCP supports the re-ordering functionality (T-reordering)
Proposal2: Considering the PDCP re-ordering functionality, the option of having RLC SN and no PDCP SN in NR is not to be considered. 
2.5   To have both PDCP SN and RLC SN
Here, two cases can be considered. One is that PDCP SN equals to RLC SN and the other is that assign PDCP SN and RLC SN separately. 
PDCP SN equals to RLC SN
For this case, a common SN value is used in RLC header and PDCP header for a PDCP PDU as shown below.  
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Figure 3 use PDCP SN as RLC SN
In LTE, RLC SN and PDCP SN are assigned independently and may be allocated with different values. If a common SN value is used in RLC and PDCP header for a PDCP PDU, the following analysis should be considered.
· Non-split bearer case
Benefit:
· RLC pre-processing: The RLC layer can pre-process the PDCP PDU e.g. add RLC header upon receiving a PDCP PDU associated with a PDCP SN. RLC layer does not need to count the RLC PDU and assign the RLC SN which accelerates the RLC pre-processing.
Drawback:
· Complexity of RLC layer: In order for RLC layer to add RLC SN in RLC header, Sequence Number of PDCP PDU either is indicated by PDCP layer or is read by RLC itself. It will increase the interaction between PDCP and RLC layer or increase the complexity of RLC layer. 
· PDCP header overhead: In order to reuse the PDCP SN in RLC layer, the PDCP SN has to be introduced into PDCP Control PDU, which increases the header overhead in PDCP layer.
· Split bearer case
The benefits are the same as the non-split bearer case. In addition to the above drawbacks, the following disadvantages exist in the split bearer case.
Drawback:
· Complexity of RLC layer: In case of split bearer, the Tx side is aware which PDCP PDUs are delivered on which link. However, for RLC AM mode, the RLC entity of Rx side is not aware which PDCP PDUs are delivered on which link. The RLC entity may wait for the packets that will never be received on one link. It will slow down the transmission.
· RLC header overhead: “SN gap” indication needs to be introduced in RLC header, which increase RLC header overhead.
Observation1: using the same SN value for PDCP SN and RLC SN has significant impacts on the complexity in RLC layer.
Assign PDCP SN and RLC SN separately
For this case, the legacy mechanism is used i.e. assign PDCP SN and RLC SN separately. The PDCP layer and RLC layer decouple with each other and no additional interaction will be introduced. And as re-ordering is agreed to be performed in PDCP layer, it is necessary to have an explicit SN in PDCP. An explicit SN in RLC provides benefits for support of DC with low complexity. Otherwise, there will be the “gap” issue in case of split bearer. With the legacy mechanism, the RLC entity could operate ARQ on each leg separately on both Rx side and Tx side. What’s more, it is much simpler for RLC layer and PDCP layer to perform ARQ, duplication detection, reordering, respectively. Therefore, by taking into account the above observations and analysis, we propose to have separate PDCP SN and RLC SN.
Proposal3: PDCP and RLC layers should have separate PDCP SN and RLC SN.
3   Conclusion
In this paper, we discussed the needs of PDCP and RLC SNs, and we have the following observations and proposals:
Proposal1: Considering the agreement that RLC adds an RLC SN and the serious problem in case of segmentation, the option of having PDCP SN and no RLC SN is not to be considered.

Proposal2: Considering the PDCP re-ordering functionality, the option of having RLC SN and no PDCP SN in NR is not to be considered.
Observation1: using the same SN value for PDCP SN and RLC SN has significant impacts on the complexity in RLC layer.

Proposal3: PDCP and RLC layers should have separate PDCP SN and RLC SN.
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