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1 Introduction

This paper discussed the potential UP enhancements for NR based on LTE, which includes 1) one re-ordering function at upper L2, 2) configurable fast ARQ at lower L2, 3) dynamic segmentation, and 4) new L2 function to support flow based QoS.
2 Discussion

2.1 One packet re-ordering function at upper L2

Currently, LTE has two re-ordering functions:

· RLC re-ordering is to guarantee in sequence packet delivery

· PDCP re-ordering is to guarantee in sequence packet delivery during handover. When dual connectivity was introduced, it is enhanced to guarantee in sequence packet delivery for split bearer.
With the enhanced re-ordering at PDCP, the RLC re-ordering becomes redundant for packet, i.e. PDCP PDU, level re-ordering, however, it is still used for segment level re-ordering. 

Observation 1: In LTE, with enhanced PDCP re-ordering, RLC re-ordering is only used for segment level re-ordering.
In NR, many companies have expected multi-connectivity (extension to LTE dual connectivity) will be supported to aggregate resource from non-collocated base stations to achieve good user experience on throughput or interruption. Therefore, a packet level re-ordering at upper layer of L2 is a must to re-order packets, i.e. PDCP PDU, from connected base stations. 
Observation 2: In NR, multi-connectivity requires packet level re-ordering at upper L2.
NR UP is expected to support very high speed traffic and the main bottleneck for real time (i.e. per TTI) processing is expected to be at lower L2 and PHY. To mitigate the bottleneck, it is important to keep the lower L2 complexity low, i.e. keep only must have functions at lower L2. 
Observation 3: In NR, the real time processing bottleneck is at lower L2 and PHY.
Considering the benefit of having packet level re-ordering function at lower L2 is limited, it is proposed to only have packet level re-ordering function at upper L2. Then, lower L2 only focuses on segment level re-ordering if segmentation is configured.
Proposal 1: In NR, packet re-ordering function at upper L2 and segment level re-ordering at lower L2.
2.2 Fast ARQ at lower L2
Different from low frequency band, high frequency mmW bands face more serious “blockage problem”, which may make the channel not usable for period, e.g. up to seconds. In addition, NR PHY is likely to adopt beacon design, therefore, it’d not be possible for UE to measurement/send CSI report more frequent than the beacon frequency. As an example, if the beacon is transmitted every 40 TTI and blockage happens, eNB may schedule the UE continuously during the period without knowing the blockage problem.   
Observation 4: NR in mmW faces serious blockage problem. With beacon design, the discovery of such problem is delayed.
With missing packet, retransmission is necessary to uphold in-sequence delivery guaranteed by L2. Window stalling at high throughput scenario or high PER is a well-known problem. The solution is either to have a big transmission window, i.e. larger SN space, or a fast response mechanism, i.e. ARQ, to quickly resolve HARQ residual error. More detailed explanation can be found in [5] form us.
Observation 5: To avoid window stalling due to high PER, L2 needs a large SN space or a fast response mechanism.
To address the flexible RAN requirement [1], the architecture, e.g. DU/CU split, shall be realized through both ideal and non-ideal backhaul. However, considering the extra delay when non-ideal backhaul is deployed between CU and DU, it makes sense to have fast response function at DU.
Observation 6: If ARQ is at upper L2, non-ideal backhaul between CU/DU prevents fast response.
With these observations, it seems unavoidable to have fast ARQ at lower L2. Depends on service, lower L2 ARQ should be configurable.

Furthermore, new type of services may require addition protection for robustness, therefore, it is possible to have additional retransmission function at upper L2. Additional retransmission at upper L2 can be also considered as an enhancement for multi-connectivity. Since the need of this additional protection depends on service, upper L2 ARQ should also be configurable. In addition, we think this extra protection is based on the assumption the existence of lower L2 ARQ. Whether there is a need to only have upper L2 retransmission is not clear at this point, it is proposed to have it for further study.
Proposal 2: As a baseline, NR should have configurable ARQ at lower L2. 
Proposal 2a: RAN2 study the need to have extra retransmission function at upper L2.
In the email discussion [94#38][4], there was proposal to only have one L2 SN at upper L2 and operate lower L2 functions, e.g. catenation/segmentation and ARQ, with upper L2 SN. We tend to believe that it is feasible to design a L2 protocol stack that supports lower L2 functions with single SN at upper L2. However, such a design is a significant departure from existing LTE protocol design philosophy and the gain of saving a SN is not much with typical packet size. Therefore, it is proposed to have lower L2 SN as baseline and only consider such enhancement with sufficient numerical analysis. 
Proposal 3: As a baseline, NR lower L2 has its own sequence number.
2.3 Dynamic segmentation
Segmentation is important to spectrum efficiency when channel condition is not good, i.e. small transfer block. For sure, NR will need to operate at such condition once in a while. On the other hand, filling out the last couple bytes of a couple thousand byte transfer block is not that meaningful, especially when the processing of that last couple bytes is on the critical path of meeting the timing requirement of the TB preparation. 
Observation 7: The benefit of segmentation is mainly for small transfer block. Processing segment is on the critical path for transfer block preparation.
Therefore, it is proposed to have the flexibility for the UE to fill the TB with padding instead of segment. This flexibility could be controlled dynamically or semi-persistently configured by eNB, or leave it to UE implementation with corresponding performance test. If the principle is agreed, RAN2 can further discuss the corresponding rules.
Proposal 4: For NR, it shall be possible to dynamically skip segmentation for large transfer block.

Proposal 4a: RAN2 study whether it is controlled by eNB or UE.
2.4 L2 function to support flow based QoS
In addition to bearer based QoS, flow based QoS is introduced to new core. In RAN2 #94, it has been agreed to continue to use "data radio bearer" (DRB) to define the Over-The-Air packet treatments in NR L2. Therefore, a new L2 function is needed to translate flow based QoS parameters into L2 logical channel configurations. This function should be at upper L2 or at the entrance of L2. Please see [6] for our view on flow/DRB/logical channel.
Proposal 5: In NR, a new L2 function “flow distribution” is introduced to upper L2 for flow based QoS.
3 Conclusion
It is proposed that RAN2 discuss and decide on following proposals:
Observation 1: In LTE, with enhanced PDCP re-ordering, RLC re-ordering is only used for segment level re-ordering.
Observation 2: In NR, multi-connectivity requires packet level re-ordering at upper L2.
Observation 3: In NR, the real time processing bottleneck is at lower L2 and PHY.
Proposal 1: In NR, packet re-ordering function at upper L2 and segment level re-ordering at lower L2.
Observation 4: NR in mmW faces serious blockage problem. With beacon design, the discovery of such problem is delayed.
Observation 5: To avoid window stalling due to high PER, L2 needs a large SN space or a fast response mechanism.
Observation 6: If ARQ is at upper L2, non-ideal backhaul between CU/DU prevents fast response.
Proposal 2: As a baseline, NR should have configurable ARQ at lower L2. 

Proposal 2a: RAN2 study the need to have extra retransmission function at upper L2.
Proposal 3: As a baseline, NR lower L2 has its own sequence number.
Observation 7: The benefit of segmentation is mainly for small transfer block. Processing segment is on the critical path for transfer block preparation.
Proposal 4: For NR, it shall be possible to dynamically skip segmentation for large transfer block.

Proposal 4a: RAN2 study whether it is controlled by eNB or UE.
Proposal 5: In NR, a new L2 function “flow distribution” is introduced to upper L2 for flow based QoS.
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