3GPP TSG-RAN WG2 Meeting #95b
R2-166488
Kaohsiung, 10th – 14th October 2016 
 
Agenda Item:
9.2.1.1
Source: 
Fujitsu
Title:
Considerations on the segmentation function in NR
Document for:
Discussion and decision
1. Introduction
In RAN2#94 meeting, the following agreements are achieved for NR UP function design [1]: 

· Study whether a single packet reordering function is possible

· Study whether segmentation function can be configured (enabled/disabled) to support different services

· Study whether concatenation function can be moved to lowest L2 sublayer. 

· Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)

Several email discussions and many companies has discussed the single or dual reordering function issue, single or dual retransmission function issue, and concatenation removing issue since RAN2#94 meeting. However, all these issues have strong relationship with the segmentation function. Whether reorder, retransmission and concatenation can be removed or partly removed depends on the design of segmentation function.
In this contribution, we will discuss the issue on the segmentation function in NR and analyze the impacts by disabling segmentation function.

2. Considerations on the segmentation function in NR
2.1 Impact of configurable segmentation function
Segmentation function is used RLC layer of LTE system to segment large RLC SDU into multiple segments to fit the transport block size (TBS) allowed by MAC layer. In NR, whether the segmentation function can be configured or not is discussed. One of the motivations to disable segmentation is that eNB can schedule enough radio resource to guarantee TBS larger than the RLC SDU packet for some services with small packet size. In that case, whether segmentation function can be configurable shall be decided by RAN2.
However, in practical radio condition, both the network load and radio condition may vary a lot. eNB may not always be able to allocate enough radio resource to UEs in the case of bad radio condition. In that case, the TBS scheduled by MAC layer may be smaller than the RLC SDU packet size, even for service with small packet size. Without segmentation, RLC SDU whose size larger than the allowed TBS will cause deadlock in the transmission side.
Besides, the Logical Channel Prioritization (LCP) procedure allocates TBS for each logical channel based on its Prioritized Bit Rate (PBR) and Bucket Size Duration (BSD) parameters. The exact PDU size of RLC layer is not considered in LCP procedure to avoid cross-layer interaction between RLC and MAC. Hence, MAC layer cannot guarantee that the RLC PDU size and TBS can be perfectly matched. Without segmentation, in order to guarantee enough TBS to transmit every RLC SDU, eNB may over allocate radio resource for UEs. Therefore, the TBS is normally larger than the RLC SDU size. The redundant resource in the MAC PDU will be wasted. Therefore, inefficient radio resource utilization occurs in NR if segmentation function is disabled. 
Segmentation in RLC also allow enough resource scheduling flexibility for MAC layer, since it is not necessary for LCP to try to match the TBS with RLC PDU size.
Observation 1: In NR, segmentation is needed in case the IP packet is larger than the transport block size scheduled by MAC layer, and also needed to avoid radio resource waste.
Another motivation to disable segmentation function in RLC is to reduce the processing latency caused by construction RLC PDU after the indication of TBS from MAC layer. In LTE, RLC SDUs are concatenated or segmented based on the allowed PDU size for this specific RLC entity in each transmission opportunity. RLC header including the SN, FI-filed and LI-field to indicate how RLC SDUs are concatenated and/or segmented are added to the RLC PDU. The RLC header is very important for the receiving RLC entity to reassemble RLC SDUs. Therefore, concatenation, segmentation and adding RLC header cause the RLC processing delay, before delivering RLC PDU to MAC layer.

RAN2 is discussing the possibility to remove the concatenation function in RLC layer, since the concatenation is redundant in both RLC and MAC layer. If concatenation is removed from RLC layer, only segmentation is used to fit one or multiple RLC SDUs to the TBS.
In the RLC processing without concatenation, one or multiple RLC PDU will be sent to MAC layer until the total size of RLC PDUs is larger than the TBS. The last RLC SDU which may exceed the TBS will be segmented before delivered to MAC layer. Therefore, at most one segmentation is needed, only for the last RLC PDU in this transmission opportunity. Except for the last PDU, other RLC PDUs can be pre-constructed before MAC TBS indication and directly delivered to MAC layer without processing latency after reception of the TBS indication. Regarding to the last PDU, segmentation will not cause much latency since its RLC header has already been added. The latency can be significantly reduced compared to the LTE RLC processing procedure. In summary, almost all the pre-processing can be done between two transmission opportunities. If concatenation is removed, segmentation will not restrict the pre-processing of RLC PDU anymore.

Even if segmentation is enabled, RLC packets can also be delivered to MAC layer without segmentation by UE implementation in some cases, e.g. enough radio resource for small packet.

Observation 2: If concatenation is removed, segmentation will not cause much processing latency anymore in RLC layer.
From the above analyses, segmentation function is essential to handle various radio condition for different services and to improve radio resource utilization. Besides, only removing concatenation function from RLC layer can significantly reduce the RLC processing latency, with segmentation function left. Hence, as in LTE system, where segmentation is used in RLC layer except for the TM mode, segmentation shall not be configured depending on the service type.
Proposal 1: In NR, the segmentation function shall be supported as in LTE, rather than configurable at logical channel level.
2.2 Location of segmentation function
If segmentation function is supported in NR, its location in the protocol needs to be discussed. LTE system provides the baseline, i.e. RLC layer performs the segmentation function. 
Segmentation in PDCP layer shall be low-priority. Since segmentation function is based on resource scheduling, it should be located at RLC layer or MAC layer, in order to be quickly adapted to the varying radio condition.

Some companies think another alternative is MAC layer segmentation [2]. Compared to RLC layer segmentation, the benefit is that MAC layer can perform real-time segmenting. However, ARQ and reassembly mechanism needs to be re-designed. First, to reassemble segments at the receiver, MAC layer needs to add SN for each segment to indicate the order. Regarding to the lost segments, if the ARQ of segment is performed at MAC layer, it has a strong impact on the HARQ procedure. HARQ is originally designed to re-transmit a whole MAC PDU rather than the segments. On the other hand, if ARQ is performed at RLC layer, only RLC PDU rather than segment can be re-transmitted. In that case, re-transmission of a whole PDU is inefficient, if only a segment is lost. 
Hence, segmentation in RLC shall be the baseline, unless other strong advantages of MAC layer segmentation are provided.
Proposal 2: In NR, the segmentation function is only placed in the RLC layer as in LTE.
3. Conclusion

In this contribution, the issue on the segmentation function in NR and the impacts by disabling segmentation function are discussed. We propose:
Observation 1: In NR, segmentation is needed in case the IP packet is larger than the transport block size scheduled by MAC layer, and also needed to avoid radio resource waste.
Observation 2: If concatenation is removed, segmentation will not cause much processing latency anymore in RLC layer.

Proposal 1: In NR, the segmentation function shall be supported as in LTE, rather than configurable at logical channel level.
Proposal 2: In NR, the segmentation function is only placed in the RLC layer as in LTE.
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