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1. Introduction
In the last meeting, the placement of concatenation was discussed [1-6]. Although some way forwards were provided, the conclusion was postponed. In this paper, we discuss the placement of concatenation and propose a possible way forward. 
2. Discussion
2.1. L2 overhead calculation
As discussed in email discussion [5], one of the drawbacks when we have concatenation in MAC is increased overhead. In several papers [1][2][3], such increased overhead was addressed. In [1], it was observed that the overhead was not critical even in case of concatenation in MAC because the low data rate means no multiplexing of IP packet. Also, in [3], the conclusion was similar such that the increased overhead will not be critical when we assume very high throughput (around a few tens of Gbps). However, we think we should not conclude based on the specific scenario and assumption but should rather consider to cover various situations including those in the current LTE. For example, the increased overhead will be severe when VoLTE is deployed with low data rate e.g., macro cell coverage on the existing frequency band. Since the IP packet size of voice is very small (around a few tens of bytes), multiple IP packets can be multiplexed in RLC even low data rage. It should be noted that such concatenation is intentionally performed to save radio resources as proposed in [10]. Considering the packet delay budget and packet arrival periodicity of voice (100ms), two or three packets will be multiplexed. 
Following is the calculation results of concatenation in RLC (legacy LTE) and concatenation in MAC using the current RLC/MAC PDU formats. For the case of concatenation in MAC, PDU format of Alt3 in [6] is assumed. 
Table.1: L2 overhead calculation in short SN length
	Short SN
	2 packet multiplexing
	3 packet multiplexing

	
	Concatenation in RLC
	Concatenation in MAC
	Concatenation in RLC
	Concatenation in MAC

	PDCP
	2
	2
	3
	3

	RLC
	3
	2
	4
	3

	MAC
	1
	4
	1
	6

	Total
	6
	8
	8
	12

	Overhead ratio (*1)
	7.89 %
	10.3%
	7.08 %
	10.3%


*1: Compressed RTP packet (35bytes) is assumed, i.e., ROHC header (3 bytes) + RTP payload (32 bytes)
Table.2 L2 overhead calculation in Long SN length
	Long SN
	2 packet multiplexing
	3 packet multiplexing

	
	Concatenation in RLC
	Concatenation in MAC
	Concatenation in RLC
	Concatenation in MAC

	PDCP
	4
	4
	6
	6

	RLC
	4
	4
	5
	6

	MAC
	1
	4
	1
	6

	Total
	9
	12
	12
	18

	Overhead ratio (*1)
	11.4%
	14.6%
	10.3%
	14.6%


*1: Compressed RTP packet (35bytes) is assumed, i.e., ROHC header (3 bytes) + RTP payload (32 bytes)
From the tables above, it was observed that more L2 overhead is expected in case of concatenation in MAC due to more number of LCID fields and RLC SN fields. Also, the additional overhead in case of concatenation in MAC will become more significant if we use long SN length, i.e., around 15% of overhead. Consequently, the resource efficiency will be reduced and what is worse is VoLTE coverage may be shrunk. Regarding the long SN length, while this may increase the L2 overhead, it was already confirmed by some operators [7] that such configuration is beneficial to avoid HFN desync problem. Considering that many companies in RAN2 have already expressed the concern on HFN desync problem [8][9], the possibility to use long SN length should be also taken into account. Moreover, it should be noted that for the case of concatenation in RLC, the calculation above is based on the current PDU format which uses fixed sixe of LI field while MAC uses variable length of L field. However, strictly speaking, for fair comparison, the variable LI field length should be considered also in RLC since choosing RLC layer as placement of concatenation does not mean to choose the totally same PDU format as for today. In that case, the overhead in case of concatenation in RLC will be smaller even than the current LTE today.
Observation1: Concatenation in MAC increases L2 overhead and will be severe in some scenario, e.g., VoLTE.
From an operator point of view, it will be undesirable if we degrade the system performance while we aim to achieve better performance with NR which includes resource efficiency perspective. Although we analysed based on VoLTE case above, there will be much various services and applications (consequently various traffic types) in NR era. It will be desirable to design the L2 considering many situations.
Proposal1: NR should be designed to see the L2 overhead comparable with or less than that of LTE today.

2.2. Possible way forward
Considering the situation that many UE/Chip vendors see some benefit in concatenation in MAC, we may confirm that such modification may be allowed for the future proof. However, any specific evaluation (e.g., quantitative evaluation) on the current LTE L2 protocol stack has not been shown by companies and we think that it is kind of the optimization for the specific scenario where very high throughput and very low latency are needed. Then, we cannot conclude to use the modified L2 as basic protocol stack of NR degrading the system performance as addressed in the previous section. 

Observation2: Concatenation in MAC is optimization for the specific scenario where very high throughput and very low latency are needed.
Considering that the current LTE and modified one have their own applicable regions (i.e., the current LTE is good in low rate and modified one may be better for very high throughput), the possible way forward is to allow both of them and to choose one of them e.g., based on the characteristics of traffic of bearers and/or UE. When the data rate is comparable with that for current LTE, the current LTE L2 is used and when the very high data rate is expected, UE switches to the modified L2. For example, one concrete approach is that the UE performs concatenation only in MAC if the averaged total size of RLC PDU(s) to be transmitted goes beyond the threshold configured by the gNB. Otherwise, i.e. the averaged total size of RLC PDU(s) to be transmitted is below the configured threshold, the UE can perform concatenation in RLC as well as MAC. One of the concerns of this kind of switching approach is that NR UE should work with both LTE protocol stack and modified one. However, we think NR UE should anyway implements the current LTE protocol stack for the fall back case from NR to LTE, and LTE roaming case. Also, it should be noted that in the last meeting, RAN2 agreed that complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. However, if companies think that this should not be mandated behaviour, anyway some switching mechanism will be needed.
Therefore, for making progress, we would like to propose to allow both current LTE L2 and modified one and introduce switch mechanism. Then, if this way forward is agreeable, we would like to study the details of the switch mechanism (e.g., granularity)
Proposal2: Allow both the current LTE L2 and modified one and introduce the switch mechanism. 
Proposal3: Study the details of the switching mechanism e.g., granularity
3. Summary and Conclusion

In this contribution, we addressed the concatenation for NR and followings are observed and proposed:
Observation1: Concatenation in MAC increases L2 overhead and will be severe in some scenario, e.g., VoLTE.
Observation2: Concatenation in MAC is optimization for the specific scenario where very high throughput and very low latency are needed.
Proposal1: NR should be designed to see the L2 overhead comparable with or less than that of LTE today.
Proposal2: Allow both the current LTE L2 and modified one and introduce the switch mechanism. 
Proposal3: Study the details of the switching mechanism e.g., granularity
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