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[bookmark: _GoBack]1 Introduction
In RAN2 NR Ad Hoc held in January 2017, the following agreement is achieved, 
Agreements:
Working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e. concatenation of RLC PDUs is performed in MAC)

In this contribution, the working assumption on no RLC concatenation is discussed. More specifically, this contribution investigates the benefits to introduce concatenation at PDCP as the complement of concatenation at MAC. And further thoughts on PDCP concatenation are provided to improve operational feasibility.
2 Discussion
5G NR is required to support various scenarios from low data rate to high data rate including eMBB, URLLC and mMTC. As a result, NR is capable of supporting services with a wide range of PDCP SDU lengths, among which small packets supported by mMTC and some of URLLC services takes a large percentage of the overall transmitted data. The main reason to support no concatenation at RLC is described in [2] which suggests the concatenation of RLC PDUs is performed in MAC; however, applying MAC concatenation alone brings new problems as described in [3]. As the complement of MAC concatenation, concatenation at PDCP is put forward to offset these issues.
Although there is still a debate on the functional split of protocol stack, no matter which option (2 or 3-1) is chosen, PDCP layer is supposed to be implemented in CU; while MAC layer is implemented in DU, as suggested by TR 38.801 [4]. The implementation of PDCP and MAC implies that there are no real-time processing requirements at PDCP, but do exist real-time processing requirements at MAC. As a result, concatenation can be supported at PDCP. 
Observation 1: Concatenation can be supported at PDCP which has no real-time processing requirements.
In addition, compared to applying MAC concatenation alone, which indicates that each PDCP SDU is associated with its own PDCP header, RLC header and MAC headers, PDCP concatenation allows several PDCP SDUs to share the same PDCP header, RLC header and MAC headers with little modifications (which will be discussed later) on PDCP header. Therefore, PDCP concatenation indicates less RLC (and possibly PDCP if concatenation is operated before SN at PDCP) SN consumption than the case of applying MAC concatenation alone, especially for small packets. Furthermore, less RLC SN consumption achieved by PDCP concatenation implies overhead reduction, since less PDCP and RLC headers are needed.
Observation 2: PDCP concatenation reduces the RLC SN consumption.
Observation 3: PDCP concatenation reduces the overhead.
Based on above observations, introducing PDCP concatenation is feasible and advantageous on SN consumption and overhead reduction over applying MAC concatenation alone especially for small packets. Moreover, with the possible extensions of mmWave bands with wider bandwidth, NR is implied to support larger MAC PDUs in size; thus, current normal packets (approximately 1500 Bytes in length) may be treated as small packets in mmWave scenarios, which also drive the introduction of PDCP concatenation from the perspective of comparable ‘small’ packets in NR. Therefore, supporting PDCP concatenation in NR is necessary.
Proposal 1: PDCP concatenation should be supported by NR.
As implied above, NR is capable of supporting PDCP SDUs including IP and non-IP packets. In addition, for small IP packets, ROHC is likely to be used; otherwise it takes too large the percentage of the whole packet for IP header which impacts the data transmission efficiency. Therefore, if concatenation is performed at PDCP, some necessary fields including Concatenation Information (such as the number of PDCP SDU) and SDU Lengths need to be added. Figure 1 gives one possible example of PDCP concatenation. The determination of the required fields induced by PDCP concatenation can be decided during Stage 3 if PDCP concatenation is agreed.
Although these PDCP concatenation-related fields yield more overhead, PDCP concatenation will not produce more overhead than former RLC concatenation (Note that no RLC concatenation is not because of overhead issue). In addition, the overhead reduction mechanisms for these related fields can be further studied and introduced to PDCP concatenation.


[bookmark: _Ref468886668]Figure 1: One possible example of PDCP concatenation with necessary fields
3 Conclusions
In this contribution, the advantages of PDCP concatenation are discussed. And further thoughts on PDCP concatenation are given. The observations and proposals are summarized as follows.
Observation 1: Concatenation can be supported at PDCP which has no real-time processing requirements.
Observation 2: PDCP concatenation reduces the RLC SN consumption.
Observation 3: PDCP concatenation reduces the overhead.
Proposal 1: PDCP concatenation should be supported by NR.
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