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1 Introduction

In NR, the target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink. Moreover, the target for user plane latency should be 4ms for eMBB and 0.5ms for URLLC [1]. To fulfill this challenging requirements, RAN2 are now discussing possible changes to several UP functions, e.g. concatenation, reordering, retransmission and so on. In this contribution, we investigate the necessity of multiplexing as one of the main MAC functions. 
2 Rationale
In the early stage of LTE, RAN2 agreed to have “per UE grant” and to have only one transport block generated per TTI in the uplink (for non-MIMO case) and to provide multiplexing of different logical channels on the same transport channel. This logical channel multiplexing functionality goes back to UMTS. In UMTS, multiplexing is necessarily required to support variable rate of voice data, i.e. to achieve higher transmission efficiency. In principle, if a big grant is allocated to a UE with only small packet for the highest priority logical channel, the UE would not send only the small packet with large padding but send the small packet with data from other lower priority logical channels and hence padding is avoided as much as possible. In this respect, the multiplexing in LTE has also been supported to maximize the multiplexing gain, i.e. the resource efficiency.
Observation 1. The multiplexing is the ground principle that underlies the maximization of resource efficiency. 
RAN2 also noted the possible problems on top of this ground principle. The most talked about problem was a starvation problem. In addition to this, one concern came from the fact that the multiplexing from different logical channels with different QoS requirements onto the same transport block may result in inefficient radio utilization since the same HARQ functionality is applied to the data from different logical channels which are multiplexed in the same TTI, i.e. the data in a TTI receives the same HARQ treatment over the air. To tackle these difficulties, the multiplexing rule in UMTS was discussed and enhanced on the top of the ground principle, which ended up as the current LTE LCP(Logical channel prioritization) procedure, i.e. the Transport Format Combination (TFC) selection mechanism in UMTS was replaced by  the current LCP in LTE.
Observation 2. The multiplexing rule was enhanced to handle the possible problems on the top of the ground principle, i.e. multiplexing. 
3 Multiplexing for NR
In NR, there is significant increase of peak data rate requirement compared with what can be achieved by LTE today as mentioned in Section 1. As NR is targeting for very high data rate, the processing time and the resource efficiency are key points to be considered. In view of the resource efficiency, there are several reasons so that the multiplexing should be still supported as one of the ground principles for NR.
In NR, the introduction of massive antennas and much higher frequency band will allow the transmission of larger transport blocks to UEs in good radio environment. Especially for such UEs, the usage of a full TTI to transmit a single control PDU or a VoIP frame leads to wasted system capacity. In principle, it would be only possible for a UE to send the data from one logical channel if multiplexing is not supported. The UE may send a small data with large padding even if it receives a large uplink grant, which causes the reduction of radio resource efficiency. Moreover, the eNB should give the UE grants two times over two TTI regardless of available resource if the UE has data to transmit from two different logical channels, which can cause unnecessary latency. It is inevitable for such a UE without multiplexing functionality to waste resource since the eNB cannot have the exact knowledge about the amount of data in the buffer of a UE as well as the radio condition fluctuating with time. 
Proposal 1. The multiplexing should be supported as one of the ground principles in order to maximize the resource efficiency.
In view of the processing time, one can argue that multiplexing increases complexity and causes additional delay since the MAC header comprises large numbers of different LCID fields and the RLC header may have additional fields, e.g. SN, LI, SO, FI, resulted from frequent segmentation, and MAC interacts with multiple logical channels to construct one MAC PDU. However, such concerns should be considered on the top of the multiplexing principle and tackled by enhancing the current multiplexing rule, i.e. the current multiplexing rule called as LCP procedure could be enhanced to handle possible problems for NR as RAN2 did in the beginning of LTE.
Proposal 2. The multiplexing rule could be enhanced to handle the possible problems for NR on the top of the ground principle, i.e. multiplexing. 
4 Conclusion

In this contribution, we provide our view on the multiplexing function in MAC layer and ask RAN2 to discuss the following proposals:
Proposal 1. The multiplexing should be supported as one of the ground principles in order to maximize the resource efficiency.
Proposal 2. The multiplexing rule could be enhanced to handle the possible problems for NR on the top of the ground principle, i.e. multiplexing. 
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