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Introduction
In LTE, concatenation is placed in RLC to assemble multiple PDCP PDUs into one RLC PDU in a logical channel. Multiplexing is placed in MAC to assemble multiple RLC PDUs into a MAC PDU across logical channels in MAC.
In previous meetings, there is no agreement on concatenation location [1-6]. Some companies proposed that the concatenation shall be removed from RLC and performed in MAC like multiplexing, and the motivation is to reduce processing times and accordingly to reduce the packet delay. And some other companies insist that concatenation should be placed in RLC with low overhead.
In this contribution, we would like to give our consideration on concatenation.
Discussion  
We will analyse the concatenation from processing delay, overhead, ARQ and user case perspectives, and present our proposal based on the analysis.
Analysis of RLC concatenation
Processing delay
In LTE, (re-)segmentation, concatenation and RLC header generation are real-time functions. Those functions should be processed according the grant information and cannot be done ahead (i.e. offline processing). 
In order to simplify the analysis, we divide the concatenation function to two alternatives:
Alternative 1: Concatenation function in RLC is enabled
Alternative 2: Concatenation function in RLC is disabled
In case concatenation in RLC is disabled, RLC may add RLC SN ahead, and then MAC assembles multiple RLC PDUs into a MAC PDU in real time. We present the analysis of process delay of TX in Table 1.
	
	Alternative 1: Concatenation function in RLC is enabled
	Alternative 2: Concatenation function  in RLC is disabled

	Non-real time processing  (i.e. offline processing)
	
	RLC header generation 

	Real-time processing
	Segment and/or concatenate the RLC SDUs
Re-segment for retransmission
RLC header generation
	Segment and/or concatenate the RLC PDUs.
Re-segment for retransmission

	Parallel processing
	Not supported
	May be supported, depends on MAC and RLC PDU design


Table 1: analysis of process delay in TX RLC
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding the processing delay, the main difference between those two alternatives is whether RLC can generate RLC PDUs ahead, and whether MAC may  parallel process RLC PDUs in real time. Due to MAC header is related to the total number of MAC SDU in this MAC PDU, the parallel processing is not supported in LTE. But in case concatenation in RLC is disabled, parallel processing may be realized basing on the suitable RLC PDU and MAC PDU design. As we know, more offline processing and parallel processing is performed to replace real time processing, less delay can be achieved. In other words, processing delay can be decreased by disabling concatenation in RLC. 
Observation 1: In case concatenation in RLC is disabled, lower processing delay can be achieved. 
Observation 2: Parallel processing can be realized basing on the suitable RLC PDU and MAC PDU design.
Overhead
Regarding the overhead, the main differences for the two alternatives focus on the RLC overhead and MAC overhead. In case concatenation in RLC is disabled, due to more RLC SN needs to be consumed for each radio bearer in a MAC PDU, the length of RLC SN may be enlarged. In LTE, there is one to one mapping between LCID and MAC SDU. But in this case, more MAC SDU will be generated in a radio bearer, and accordingly more LCID header may be consumed. In summary, the overhead is increased due to more RLC SN and long RLC SN.
Observation 3: In case concatenation in RLC is disabled, the overhead may be increased due to more RLC SN and long RLC SN used. But this overhead may be ignorable in eMBB case.
ARQ signalling overhead
In LTE, a STATUS PDU may be sent to notify the status of RLC AM data PDU in recievier. The STATUS PDU consists of one ACK_SN and zero or more sets of a NACK_SN, and possibly a set of a SOstart and a SOend for each NACK_SN. In case of concatenation in RLC is disabled, the number of RLC SN in a MAC PDU will be increased, at the same time the number of NACK_SN in the STATUS PDU also increased. The overhead of STATUS PDU may be come higher due to more NACK_SN. 
	
	Alternative 1: Concatenation function in RLC is enabled
	Alternative 2: Concatenation function  in RLC is disabled

	Signalling overhead of ARQ
	Low
	High


Table 2: analysis of ARQ
Observation 4: In case concatenation in RLC is disabled, the signalling overhead of ARQ increases.
 Applicability of different alternatives 
From above analysis, we can see that each alternatives has its own advantage and disadvantage. For different user case, the requirement of data rate, reliability and delay are not all the same. In case of eMBB, the processing delay requirement is high and the overhead requirement is low. Then it is better to disable concatenation in RLC. But in the other two user cases of mMTC and URLLC, due to small data packet and low overhead, it is better to enable concatenation in RLC.
	
	Alternative 1: Concatenation function in RLC is enabled
	Alternative 2: Concatenation function  in RLC is disabled

	eMBB
	-
	Suitable 

	URLLC
	Suitable
	-

	mMTC
	Suitable
	-


Table 3: analysis based on user case
Observation 5: Different alternatives have its own applicable use case and it is better to enable concatenation in RLC for URLLC and mMTC services, and disable concatenation for eMBB services.
Configurable concatenation function
As analysed above, different alternatives should be support to adopt different use cases. That means it should be allowed for the concatenation function in RLC to be configurable according to the service requirement like a granularity of per radio bearer. The concatenation function in RLC can be disabled when the data throughput is high and the processing delay requirement is strict. The concatenation function in RLC can be enabled when the processing delay requirement is low and the overhead requirement is strict. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10] Proposal 1: The concatenation function in RLC should be configurable per radio bearer.
As mentioned in chapter 2.1.1, low processing delay may be achieved base on proper RLC and MAC PDU design. We should also study the necessity of introduce a new RLC and MAC PDU structure in further. If new MAC PDU structure introduced, it should also be a common structure for these two configurations.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 2: A common MAC PDU structure should be considered for these two configurations with low overhead.  
Conclusions
In this paper, we have discussed the placement of concatenation in NR. The observations and proposals are shown as follows:
Observation 1: In case concatenation in RLC is disabled, lower processing delay can be achieved. 
Observation 2: Parallel processing can be realized basing on the suitable RLC PDU and MAC PDU design.
Observation 3: In case concatenation in RLC is disabled, the overhead may be increased due to more RLC SN and long RLC SN used. But this overhead may be ignorable in eMBB case.
Observation 4: In case concatenation in RLC is disabled, the signalling overhead of ARQ increases.
Observation 5: Different alternatives have its own applicable use case and it is better to enable concatenation in RLC for URLLC and mMTC services, and disable concatenation for eMBB services.
[bookmark: _GoBack]Proposal 1: The concatenation function in RLC should be configurable per radio bearer.
Proposal 2: A common MAC PDU structure should be considered for these two configurations with low overhead.  
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