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1 Introduction
In previous RAN2 meetings, there have been many discussions on the location of concatenation. However there is still no common understanding among companies. In this contribution, we try to summarize the pros and cons of different options to help RAN2 make a final decision. 
2 Discussion
In LTE, the concatenation of PDCP PDUs is performed in RLC based on the output of LCP. It causes that RLC PDUs cannot be generated before receiving UL grant and accordingly increases the real-time processing load. In order to allow pre-construction of RLC PDUs before receiving UL grant, some companies proposed to remove the concatenation function from RLC [1]-[3]. However, it was pointed out in [4] that removing concatenation from RLC does not reduce the processing times significantly because the amount of concatenation processing is not reduced. After the last RAN2 meeting there was still no common understanding among companies. In order to help RAN2 make a final decision, we try to summarize the pros and cons of removing concatenation from RLC as follows.
Header overhead
If the concatenation is removed from RLC, the overhead of RLC header and MAC subheader increases from one header per group of concatenated RLC SDUs to one header per RLC SDU. The increased overhead is significant especially when the size of RLC SDUs is small and the TB size is large. Besides, ARQ running per RLC SDU requires bigger RLC sequence number space which also increases the overhead of SN bits. 
ARQ complexity
As mentioned above, ARQ running per RLC SDU requires bigger RLC sequence number space. It implies bigger ARQ window size which also increases ARQ complexity.
Pre-processing
The pre-construction of RLC PDUs is allowed prior to LCP when the concatenation is removed from RLC. If the segmentation is needed based on the output of LCP, the pre-constructed RLC PDUs which are required to be segmented (at most one per logical channel or MAC PDU) shall be reconstructed by adding SO field in RLC header. Similarly the pre-computation of MAC subheaders is also allowed and shall be recomputed when segmentation occurs. 
When the concatenation is still placed in RLC, the pre-construction of RLC PDUs and the pre-computation of MAC subheaders are also allowed prior to LCP by performing pre-concatenation, as described in [5]. In the pre-concatenation solution, the RLC PDU can be generated based on the semi-static configuration from MAC or the experienced value learned by the RLC itself (e.g. based on the LCP output received before). On the other hand, there were also some companies that proposed to generate fixed-size RLC PDUs prior to LCP to achieve some benefits [6]-[8]. 
Real-time processing load in Tx side
If RLC PDUs are pre-constructed and MAC subheaders are pre-computed, the remaining real-time processing in L2 are LCP, segmentation, reconstruction of RLC PDUs due to segmentation, recomputation of MAC subheaders due to segmentation, and multiplexing. The major difference between concatenation at RLC and concatenation at MAC is the number of MAC SDUs multiplexed in a MAC PDU. If the concatenation is removed from RLC in NR, the MAC entity will be required to multiplex hundreds or even thousands of MAC SDUs. It is a considerable challenge on the real-time processing capability for both UE and NW.
Fast parsing in Rx side
In was claimed in [3] that the fixed-size header is beneficial for the fast parsing in the receiver side because it causes the repetition of the same work by hardware acceleration. In LTE, the size of RLC header is variable and dependent on the number of concatenated RLC SDUs. Removing concatenation from RLC may make it possible to have the fixed-size RLC header. However, the RLC header is still not always fixed-size because additional SO field will be added in RLC header when the segmentation is needed based on the output of LCP. 
The pros and cons of different options are summarized in the following table. 

	
	Concatenation at RLC
	Concatenation at MAC

	Header overhead
	Low 
· One RLC header and one MAC subheader per group of concatenated RLC SDUs (
· RLC SN space does not increase with the L1 data rates (

	High

· One RLC header and one MAC subheader per RLC SDU (
· ARQ running per RLC SDU requires bigger SN space (


	ARQ complexity 
	Low 
· Small ARQ window (

	High

· Large ARQ window (


	Pre-processing
	Yes 
· RLC PDUs can be pre-constructed prior to LCP by performing pre-concatenation (
(FFS pre-segmentation) 

	Yes 
· RLC PDUs can be pre-constructed prior to LCP (


	Real-time processing load in Tx side
	Low 
· The number of MAC SDUs multiplexed in MAC PDU is small (

	High

· The number of MAC SDUs multiplexed in MAC PDU is large (


	Fast parsing in Rx side
	No 
· RLC header is not fixed-size due to concatenation and segmentation (

	No 
· RLC header is not fixed-size due to segmentation (



In the last meeting, it was agreed that RAN2 should consider both the processing of both the transmitter and the receiver when evaluating whether to divert from the LTE-baseline. Based on the above discussion, it seems that there is no significant benefit to remove concatenation from RLC. So we propose to keep the concatenation function in RLC.
Proposal: In NR, the concatenation function is placed in the RLC layer as in LTE.
3 Conclusion
In this contribution, we summarize the pros and cons of removing concatenation from RLC. Based on the discussion we have the following proposal: 
Proposal: In NR, the concatenation function is placed in the RLC layer as in LTE.
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