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1	Introduction
RAN2#94 meeting agreed to study whether concatenation function can be moved to the lowest L2 sublayer (i.e. MAC). In RAN2#95 the issue was further discussed based on [1] which led to an email discussion [2]:
[bookmark: _Toc459958538][95#26][LTE/NR]  Concatenation (Ericsson)
	Identify the impacts of concatenation at RLC compared to concatenation at MAC. Impacts considered should at least look at real time processing impacts and overhead. Impacts should at least be analysed based on the baseline LTE MAC and RLC headers.
	Intended outcome: Email discussion report to next meeting
	Deadline: Thursday 22/09/2016

In this contribution we analyse the benefits/drawbacks identified in the email discussion by implementing concatenation in MAC comparing it to the LTE L2 model.
2	Concatenation in MAC
2.1	Benefits
The identified main benefits of placing the concatenation function in MAC from [1] & [2] are listed hereinafter:
Precomputation of RLC and MAC headers in the Tx
As the RLC PDU content and MAC Length field does not depend on the LCP (Logical Channel Prioritization) procedure other than for the possibly segmented ones (at most one per Logical Channel or MAC PDU), the MAC and RLC headers (and RLC PDU) can be precomputed offline – only the segmented ones need to be re-encoded. This re-encoding requirement could even be facilitated with very high data rates, e.g., with large TB sizes, as discussed in [3] in which case full precomputation could apply for some cases.
This precomputation is not possible with LTE model as RLC PDU size and its contents depend on the outcome of LCP. Furthermore, this prevents MAC sub-header precreation since the Length field size depend on the RLC PDU size. 
ARQ function can be fully decoupled from real-time processing
[bookmark: _GoBack]Since the ARQ could be applied on a per RLC SDU basis (RLC SN is allocated per RLC SDU as discussed in [3] and [4]), the possible RLC SDU segmentation in real time into RLC PDU can be handled with additional segmentation information in RLC PDU header applying the same SN (as done in LTE re-segmentation) – ARQ can be fully processed offline, ie., in non-real time. The segmentation based on ARQ status reports can also be done offline by the ARQ function and the possible real time segmentation applied to the formed RLC SDU segment. This could further allow flexible buffer management in the Tx if PDCP SN were also exploited in the RLC layer (RLC PDU SN and PDCP SN association would not need to be memorized).
LTE ARQ function depends on LCP procedure as ARQ applies per RLC PDU which may contain one or multiple PDCP PDUs or PDCP PDU segments.
Parallelization of PHY encoding with MAC PDU construction
By placing the MAC headers adjacent to RLC PDU, the MAC can start forwarding MAC SDUs to PHY as soon as the first MAC SDU is ready before the MAC PDU has been fully constructed. This can relax the HW memory requirements during processing since the MAC does not need to form the entire PDU before forwarding to the PHY. This MAC PDU design was also seen implementation friendly from the Rx point of view as each MAC ‘sub-PDU’ can be processed independently without the requirement to decode first the block to extract the SDUs.
This is not possible with LTE model as the MAC subheader sizes (and thus the full MAC header) depend on the RLC PDU sizes that are subject to LCP. Furthermore, there are many optimizations in LTE which may lead to even re-computation of the full header (padding subheaders in front of the MAC header, etc.)
Easily support the out-of-order delivery from RLC to PDCP
Rx RLC entity could just check the segmentation information populated into the RLC PDU header (whether or not the PDU is segmented) to decide whether the SDU inside can be directly submitted to PDCP processing.
With LTE model the Rx RLC would need to extract the contents of the RLC PDU or re-segmented RLC PDU and dig out the full RLC SDUs to support out-of-order delivery.
Removal of duplicate functions in multiple sublayers
Clear function segregation can be achieved as MAC would be responsible of the concatenation/multiplexing.
LTE RLC handles the concatenation of RLC SDUs into RLC PDU and MAC multiplexing of RLC PDUs into MAC PDU.
2.2	Drawbacks
The identified main drawbacks by this concept compared to LTE design from [2] are:
Overhead increase due to bigger SN space required for ARQ and MAC sub-header per PDCP PDU
Since the ARQ applies in principle per PDCP PDU, the required SN space for ARQ would be comparable to the required PDCP SN space. However, as discussed in [2], for the low physical layer data rates where the overhead counts particularly, the overhead is comparable to LTE model as not much concatenation happens with those data rates. Furthermore, as discussed in [4], by applying the PDCP SN for ARQ at RLC, the overhead can even be decreased compared to LTE model.
As the MAC would need to concatenate more RLC PDUs than with LTE model, it is claimed more overhead is contributed by the MAC sub-headers. It should be noted that if overhead is intended to be fully optimized, principally also with MAC concatenation only one MAC LCID is needed per LC and a Length field per each RLC PDU in which case the overhead would become comparable to LTE model.
More ARQ processing due to ARQ per PDCP PDU
Since the ARQ is applied per RLC PDU basis which includes one PDCP PDU, ARQ processing was claimed to increase. However, as discussed in section 2.1 and in [3], by moving concatenation into MAC the ARQ processing can be fully decoupled from real-time processing which could rather simplify the ARQ function operation.
2.3	Proposal
With the above analysis about benefits/drawbacks of implementing concatenation function in MAC for NR, we have the following observation and proposal:
Observation: The identified benefits of MAC concatenation are deemed to outstrip the drawbacks which can also be overcome by careful design choices.
Proposal: Concatenation function is supported by NR MAC.
3	Conclusion
In this contribution we analysed the identified benefits and drawbacks with MAC concatenation comparing it to LTE L2 model. Based on these analysis, the following observation and proposal could be made:
Observation: The identified benefits of MAC concatenation are deemed to outstrip the drawbacks which can also be overcome by careful design choices.
Proposal: Concatenation function is performed by NR MAC.
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