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1 Introduction
During the previous meeting it was concluded that RAN2 should aim to make a decision regarding the support for RLC concatenation in NR at this meeting. 
A number of companies believe that, due to the tighter processing requirements and higher bit rates for NR, LTE’s RLC concatenation cannot be re-used in NR as is [13].
On the other hand, the co-signing companies believe that RLC concatenation would continue to be an essential feature in NR as well, e.g. to avoid header overhead issues, RLC SN space issues and ARQ processing issues [1][2][3][7][8][9][11][12][14]. 
Nevertheless, the co-signing companies acknowledge the tight timeline at the transmitter side and suggest investigating how to reduce the processing complexity and latency on the transmitter side without losing the desirable properties of the LTE UP stack.
2 Discussion
Based on the discussion so far, it seems that there are basically two concerns (quite related to each other) with the current LTE RLC concatenation mechanism:
· The need to perform the RLC concatenation on-the-fly at the UE TX side (i.e. only when a grant is received / LCP is performed)
· The resulting variable size RLC header, with multiple extensions to fit the needed Length Indicator fields, leading to a not hardware friendly implementation both at TX/RX
These issues can be addressed in a few different ways.
2.1	Removing Concatenation from RLC
One approach promoted by several companies [13] is to remove RLC concatenation resulting in a 1-to-1 mapping of PDCP PDUs to RLC PDUs. Each RLC PDU would be associated with an RLC sequence number and with a (MAC) sub-header comprising the length of this PDU. To achieve the desired reduction in latency upon grant reception, the PDCP, RLC and MAC headers need to be attached upon arrival of the PDCP SDU from higher layers. The co-signing companies see several drawbacks when doing this:
The required RLC SN space increases significantly. Consequently, also the RLC header size and the processing overhead for maintaining the ARQ window management increase. 
In case of Dual Connectivity, the RLC transmitter leg (MCG or SCG) is not yet known upon arrival of an IP packet from higher layers. In LTE Rel-12, the UE shall forward the PDCP PDU to RLC layer only after the transmission grant is received. Hence, it is not possible to pre-assign RLC SN in this case. If they are anyway assigned there is a high probability that the RLC SN field of many stored RLC PDUs needs to be updated later. 
“PDU Discard” (queue management) cannot be applied to packets with an assigned RLC SN because the RLC receiver would report such a dropped packet as lost. Sequence numbers would have to be re-generated for all subsequently stored PDUs or other means need to be introduced to inform the ARQ receiver about the “intentional gap”.
RLC headers would be interleaved with the PDCP PDUs and stored in the memory. Upon scheduling, it is however not possible to send the pre-generated data stream as is. Instead, the transmitter must identify the memory position of the header fields of the last contained RLC PDU and update them accordingly (e.g. Poll bit, LSF). In addition, it must re-generate a new RLC sub-header for the remainder of the RLC PDU that will be sent in the subsequent transport block (which may be in the same TTI) and store that in the memory together with the data. 
The interleaving of (MAC) length fields with the (PDCP) data enforces sequential processing with significantly increased number of memory accesses. At least on the eNB side, the increased processing load will lead to decreased capacity and throughput. 
It has been argued that RLC concatenation results in different RLC header formats (RLC PDUs and RLC PDU Segments) that make processing difficult and that make the length of the headers unpredictable/variable. However, we observe that most of the companies suggesting to remove concatenation from RLC also suggest an RLC header format with and without “Segmentation Offset” and to indicate the presence of this field in the remainder of the header. Furthermore, the header format (with/without SO) needs to be changed upon segmentation (at least for the subsequent transport block which may occur in the same subframe).
2.2	Keeping Concatenation in RLC
To avoid the problems mentioned in section 2.1, the supporting companies suggest keeping concatenation in RLC. To minimize the on-the-fly RLC processing at the UE TX side, enhancements should of course be considered and we see at least two possible solution directions to achieve that (other solutions can also be considered):
1. RLC concatenation with single RLC PDUs per LCID 
This approach (described in [12] and in alternatives 3/4 in [3][11]) is fundamentally characterized by the pre-generation of the Length Indicators for the RLC SDUs in the buffer (pre-pended to PDCP headers according to [12] or stored in a separate memory according to [3]). This reduces the on-the-fly processing for RLC header generation when a grant is received: to a minimum according to [12] (as only RLC SN, P, FI bits, etc. need to be determined) but considerably also according to [3] (where, in addition, the needed pre-generated LI fields are copied from the memory to the RLC header).
2. RLC (pre)concatenation with multiple RLC PDUs per LCID
In this second approach (described e.g. in [1] and in alternatives 5/6 in [3][11]) the proposal is to pre-generate multiple RLC PDUs, each concatenating multiple RLC SDUs (where the RLC PDU maximum size/number of RLC SDUs is FFS). According to the proponents, this is expected to further reduce the on-the-fly processing. 

3	Conclusion
Considering that the “Removal of concatenation from RLC” introduces a number of new problems (see section 2.1) the co-signing companies suggest the following proposals:
Proposal 1: Keep RLC concatenation in NR, so that a RLC PDU may contain multiple RLC SDUs.
Proposal 2: Investigate how to reduce the processing complexity and latency at the transmitter side without losing the desirable properties of the LTE UP stack.
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