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1. Introduction
In RAN2#94 meeting, the following agreements are achieved for NR UP function design [1]: 

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

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

In RAN2#95bis meeting, the following agreements are achieved for NR segmentation function [2]:
· In NR, the segmentation function is only placed in the RLC layer as in LTE.
· SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (Does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.
In previous RAN2 meetings, the concatenation removing issue and configurable segmentation issue have been addressed. The concatenation removing decision is expected to be made in RAN2#96 meeting. Subsequently, the configurable segmentation can be discussed and decided, which partly depends on the agreements on concatenation function. 
In this contribution, we will discuss the impact of configurable segmentation function in NR considering the latency performance and radio resource efficiency.

2. Considerations on the configurable segmentation in NR
2.1 Impact of configurable segmentation on radio resource efficiency

In NR, the segmentation function is placed at RLC layer to segment large RLC SDU into multiple segments to fit the transport block size (TBS) allowed by MAC layer. Whether the segmentation function can be configurable or not is discussed.
One of the use cases to disable segmentation is that eNB can schedule enough radio resource so that TBS is larger than the RLC SDU packet for services with small packet size. However, it must be noted that the network load and radio channel quality are changeable. eNB may not always be able to allocate enough radio resource to UEs in the case of bad radio channel quality since  the TBS  may be smaller than the RLC SDU packet size, even for service with small packet size. Without segmentation, RLC SDU whose size is larger than the allowed TBS will cause “deadlock” i.e. cannot be transmitted for a while in the transmission side, which causes the performance degradation. In order to mitigate the “deadlock”, eNB has to reconfigure the RLC to enable segmentation function, which causes extra signaling overhead and reconfiguration delay.
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, and also needed to avoid radio resource waste 
2.2 Processing latency analyses on segmentation function 
Another motivation to disable segmentation function in RLC is to reduce the processing latency caused by RLC PDU construction 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 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. The potential working assumption is that RLC concatenation can be removed for NR UP protocol stack in RAN2 #95bits meeting. 

Case #1: Concatenation is removed

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 pre-added. The SO-based segmentation for both segmentation and resegmentation has been agreed. In the example pre-processing method of SO-based segmentation [3], the possible segmenting to the last PDU will not impact other pre-constructed RLC PDUs. The operation to add a new header to the last segment into one new RLC PDU can be done after the delivery of RLC PDU(s) to MAC layer in this opportunity. By using PDU pre-construction and SO-based segmentation, the operations, from the time of receiving MAC layer indication to time when all needed RLC PDUs are delivered to MAC layer, only include at most one segmenting to RLC PDU and modifying LSF field of its first segment.
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Figure 1. Pre-process with SO-based segmentation [3]

In summary, almost all the pre-processing can be done between two transmission opportunities. The latency can be significantly reduced compared to the LTE RLC processing procedure. If concatenation is removed, segmentation will not restrict the pre-processing of RLC PDU anymore.

Case #2: Concatenation is not removed
If the concatenation function is not removed, other solutions can also reduce the latency caused by RLC segmentation and concatenation processing, e.g. by placing MAC and RLC headers at the end of the respective PDUs [4].
It allows to start sending the beginning of MAC PDU to PHY containing several RLC SDUs, before concatenation and/or segmentation are fully finished, upon receiving the UL grant. The LCP, concatenation, segmentation and header calculating can be done in parallel while the data is forwarded to PHY layer. The RLC and MAC headers can be added and forwarded to PHY layer the end of the PDUs. Therefore, even both concatenation and segmentation are maintained in RLC layer, the processing delay after receiving UL grant can also be significantly reduced.
Besides, 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: Segmentation will not cause much processing latency anymore in RLC layer, by using RLC PDU pre-construction solutions (e.g. SO-based segmentation).
Table 1. Comparison on the pros. and cons. between confinable and mandatory segmentation
	
	Confinable segmentation
	Mandatory segmentation

	Processing complexity
	Less processing complexity for RLC entities with disabled segmentation function
	At most one extra processing complexity to segment one RLC SDU in each transmission opportunity

	Processing delay
	Processing delay caused by segmenting can be reduced
	Processing delay caused by segmenting can also be reduced by pre-construction of RLC PDU, but still with small delay left.

	Radio resource efficiency
	Low radio resource efficiency due to redundant resource waste
	High radio resource efficiency

	Specification impacts 
	Impact on the MAC multiplexing function
	LTE baseline can be used

	Configuration signaling
	Frequent configuration signaling depends on varying radio condition
	No extra signaling caused


From the above analyses, segmentation function is essential to handle various radio condition for different services and to improve radio resource utilization. Besides, segmentation function in RLC will not restrict the RLC processing latency reduction. 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. As a summary, a comparison on the pros. and cons. between confinable and mandatory segmentation is presented in Table 1.
Proposal: In NR, the segmentation function shall not be configurable at logical channel level.
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, and also needed to avoid radio resource waste.

Observation 2: Segmentation will not cause much processing latency anymore in RLC layer, by using RLC PDU pre-construction solutions (e.g. SO-based segmentation).
Proposal: In NR, the segmentation function shall not be configurable at logical channel level.
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