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1 Introduction

In RAN2#94, the following UP issues have been identified for further study:
· Study whether segmentation function can be configured (enabled/disabled) to support different services.

· Study whether concatenation function can be moved to lowest L2 sublayer.
This contribution provides some consideration on the segmentation and concatenation in NR.
2 Consideration on concatenation
Definition of concatenation function

Before we start the discussion on the concatenation function, we prefer to clarify the understanding on the terminology of concatenation in 3GPP. In LTE, in order to generate the RLC PDU according to the size determined by MAC entity, the concatenation function will be used in RLC entity to combine multiple RLC SDUs into one RLC PDU. Then, once the RLC PDUs from different logical channels are received by MAC entity, the multiplexing function can be used in MAC to multiplex RLC PDUs from multiple logical channels into one MAC PDU.  In NR, we think the concatenation should still refer to a logical channel operation that combines multiple data packet from the same logical channel into one PDU. 
Proposal 1: The concatenation function refers to a logical channel operation that combines multiple data packet from the same logical channel into one PDU.
Necessity of concatenation function
With the definition of concatenation function, it needs to be confirmed whether the concatenation function should be mandatory in NR. In LTE, the concatenation function is supported in the AM/UM mode RLC but not in TM mode RLC. However, considering all the UEs need to support all the AM/UM/TM mode RLC, the concatenation function in LTE is mandatory supported by the UEs and configurable by the NW. For the NR, some analysis has been given in [1] to address the UP function necessity of each vertical service and the summary of the analysis can be found as follows:
	Function
	eMBB
	URLLC
	mMTC

	Retransmission (ARQ)
	Mandatory for UE configurable by NW.
	Mandatory for UE configurable by NW

Required for SRB, but maybe not needed for DRB.
	Mandatory for UE configurable by NW 

Required for SRB, but maybe not needed for DRB.

	Reordering and Duplicate detection
	Mandatory for UE configurable by NW.
	Mandatory for UE configurable by NW.
Required for SRB, but maybe not needed for DRB.
	Mandatory for UE configurable by NW.
Required for SRB, but maybe not needed for DRB.

	Concatenation, Segmentation and reassembly of RLC SDUs
	Mandatory for UE configurable by NW.
	Optional for UE and configurable by NW

Optional to DRB (SPS can be used). 
	Optional for UE and configurable by NW

Optional for DRB.

	re-segmentation of RLC PDU
	Mandatory for UE configurable by NW.
	Optional for UE and configurable by NW

Optional to DRB (SPS can be used).
FFS for SRB.
	Optional for UE and configurable by NW

ARQ is optional for the DRB of mMTC

FFS for SRB


From the table above, it can be observed that the concatenation function may not be needed for URLLC and mMTC. In order to minimize the cost for URLLC/mMTC UEs, we think the concatenation function should be optionally supported by the UE (i.e. the UE can inform the NW whether it supports the concatenation or not). And for a UE which supports the concatenation function, the concatenation should be configurable by the NW.

Proposal 2: The concatenation function should be optionally supported by the UE. And for a UE which supports the concatenation function, the concatenation should be configurable by the NW.
Location of concatenation function

In RAN2#94, one issue has been raised for study that “Study whether concatenation function can be moved to lowest L2 sublayer”. Since the lowest L2 sublayer is MAC, the issue can be translated into that “whether concatenation function can be moved from RLC to MAC”.
According to the definition of concatenation function given above, the concatenation should be considered as a logical channel operation which combines multiple logical channel SDUs into one PDU. Considering the grant for each logical channel will be determined by the LCP (i.e. logical channel priority) function, the concatenation should be located above the LCP function. Moreover, since the intention of the concatenation function is to combine the logical channel SDU to adapt the grant determined in LCP procedure for each  logical channel, the concatenation function should be processed for each logical channel independently based on the grant provided by LCP function, 
Observation 1: The concatenation function should be located above the LCP (logical channel prioritization) and the concatenation should be processed for each logical channel independently. 
Considering the MAC entity is some kind of “cell level” UP entity and the RLC is “logical channel level” UP entity, based on the observation 1, we think the concatenation should still be considered as a part of RLC.
Proposal 3: The concatenation function should still be located in RLC.

Consideration on the CU-DU function split

Some analysis for the processing time requirements for each UP function has been given in [1]. From the analysis, it can be observed that, since the concatenation will be processed based on the output of logical channel prioritization, the concatenation should be done within one scheduling cycle and have a strict requirement on the processing time. So, in case anon-ideal fronthaul is used between CU and DU, the concatenation function should be located in the same NW entity (e.g. MAC) as MAC.
Proposal 4: For the case that the CU and DU are connected with non-ideal fronthaul, the concatenation function should be located in the same NW entity (e.g. MAC) as MAC.
Since the concatenation function and MAC entity will be located in one NW entity or be located in two different NW entity with ideal fronthaul, the MAC SDU (i.e. RLC PDU) can be generated on the request of MAC layer (e.g. based on the size determined by MAC). So, it does not make sense to have concatenation function in MAC to concatenate the MAC SDU.
Observation 2: It does not make sense to concatenate the MAC SDU (i.e. RLC PDU) in MAC, in case the MAC SDU (i.e. RLC PDU) is generated on the request of MAC (e.g. according to the size determined by MAC). 
Based on the observation 2, we think there is no need to introduce the concatenation function in MAC.

Proposal 5: There is no need to have concatenation function in MAC.
3 Consideration on segmentation
Based on similar considerations as for concatenation, in order to support multiple verticals within a common UP framework and minimize the cost of the UE, we think the segmentation function should also be optional for the UE and configurable by the NW.
Proposal 6: The segmentation function should be optionally supported by the UE. And for a UE which supports the segmentation function, the segmentation should be configurable by the NW.
Similar to concatenation, the intention of the segmentation function is to generate MAC SDU according to the size indicated by logical channel prioritization function of the MAC entity. For example, if the RLC SDU is smaller than the size granted by MAC, concatenation should be used to combine multiple RLC SDU into one RLC PDU. Otherwise, if the RLC SDU is bigger than the size granted by MAC, then the segmentation function will be used. Since both the concatenation and segmentation will be used in the generation of MAC SDU, we think both the concatenation and segmentation should be located in the same UP entity.
Proposal 7: The segmentation should be located in the same UP entity as concatenation.
4 Conclusion
It is proposed that RAN2 discuss and decide on following observations and proposals:
For concatenation
Proposal 1: The concatenation function refers to a logical channel operation that combines multiple data packet from the same logical channel into one PDU.

Proposal 2: The concatenation function should be optionally supported by the UE. And for a UE which supports the concatenation function, the concatenation should be configurable by the NW.
Observation 1: The concatenation function should be located above the LCP (logical channel prioritization) and the concatenation should be processed for each logical channel independently. 

Proposal 3: The concatenation function should still be located in RLC.

Proposal 4: For the case that the CU and DU are connected with non-ideal fronthaul, the concatenation function should be located in the same NW entity (e.g. MAC) as MAC.
Observation 2: It does not make sense to concatenate the MAC SDU (i.e. RLC PDU) in MAC, in case the MAC SDU (i.e. RLC PDU) is generated on the request of MAC (e.g. according to the size determined by MAC). 

Proposal 5: There is no need to have concatenation function in MAC.
For segmentation
Proposal 6: The segmentation function should be optionally supported by the UE. And for a UE which supports the segmentation function, the segmentation should be configurable by the NW.
Proposal 7: The segmentation should be located in the same UP entity as concatenation.
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