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Introduction
In RAN2#95 meeting, the following agreement was achieved on UP function: 
Agreements:
1	The following aspects are captured as guidelines in the TR.
	Commonality between tight interworking and standalone operations.
	Commonality and future proofing to various use cases and services
	L2 functions and RRC in LTE as baseline
In legacy LTE, the functions of MAC sublayer [1] are listed as follows:
1. mapping between logical channels and transport channels;
2. multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;
3. demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;
4. scheduling information reporting;
5. error correction through HARQ;
6. priority handling between UEs by means of dynamic scheduling;
7. priority handling between logical channels of one MAC entity;
8. Logical Channel prioritisation;
9. transport format selection;
10. radio resource selection for SL. 
All these functions can be taken as a baseline for NR L2 design. Furthermore, NR will face new challenges due to complex deployment scenarios and various user cases. For example, inter-cell interaction are required in UDN and CU/DU deployment scenario.
 In this contribution, we will discuss new MAC functions in NR besides legacy MAC functions.
Discussion  
Overall 
In LTE, two or more Component Carriers (CCs) can be aggregated in order to realize wide transmission bandwidths in CA. An independent HARQ entity is required per serving cell for uplink and downlink transmission, and the new transmission and the potential HARQ retransmissions of each transport block (TB) are bonded with the same serving cell [1]. When a TB is retransmitted, the bundling between its HARQ process and the serving cell cannot achieve an optimal manner of radio resource allocation because the HARQ process in other serving cells cannot be used. Besides, although there are several component carriers simultaneously serving a UE, the UE context is only maintained by PCell. Assuming that a UE needs to promote a serving SCell to be the PCell instead (i.e. PCell change in the same serving cell group), this will be implemented by a handover procedure between PCell and SCell although the UE has already served by the PCell and the SCell, which causes the large signalling overhead and long latency . In summary, the efficiency of inter-“Cell” scheduling in CA is not optimal. In NR, in the case of UDN and CU/DU deployment, inter-“Cell” scheduling becomes a basic function.
In LTE, RRC is responsible for signalling and controls all the parameters of the whole radio link of UEs including PhysicalConfigDedicated [2] etc, which means RRC signalling should be transmitted even if only parameters  of physical layer need to be changed. Assuming that above parameters and procedures only interactive between physical layers, fast control should be achieved, which is illustrated by the example of Transmission Mode (TM) Switch over air interface as follows:
1. MAC in eNB triggers TM Switch and informs RRC.
2. RRC generates the signalling and encodes through ASN.1. And the bit block is transferred to PDCP, RLC, MAC and air interface in sequence. 
3. Receiving the signalling from air interface, the bit block is processed by PHY/MAC/RLC/PDCP/ASN.1 in sequence and the RRC signalling is undone. Then RRC configures MAC/PHY the new TM and generates the feedback.
4. Processed as Step 2, the feedback signalling is transferred to MAC. If UL Grant is not available, UE should send SR to eNB.
5. If UL Grant is available, UE transmits this signalling to eNB at once.
The latency from Step 1 to Step 5 is at 10ms level if Random Access procedure is need in Step 4. Obviously, the way brings much more redundant process of ASN.1/PDCP/RLC in Step1, Step2, Step3 and Step4 in order to transmit a TM Switch command. In NR, some critical requirements are required such as 0ms interrupt time for mobility. So, more flexible and real-time control, for example MAC control, is needed.
As shown in Fig.1, inter-“Cell” scheduling and enhanced control are the two new functions of MAC in NR.


Figure 1: overview of MAC in RN 
Observation 1: The functions of inter-”Cell” scheduling and enhanced control are essential functions in NR.
Inter-“Cell” scheduling
Inter-“Cell” scheduling resided in high MAC, is in charge of extensive radio resource allocation and data distribution among “Cells”. 
For extensive radio resource allocation, high MAC is responsible for appropriate “Cells” allocation at per TTI for all UEs. Based on the extensive radio resource allocation, the intensive radio resource allocation for UEs can be implemented by legacy MAC in per “Cell”. Because UEs can be allocated to “Cells” per TTI, the switch over air interface can be achieved which can extremely simplify the complexity and reduce the latency of Handover procedure. Further, each “Cell” can be taken as a “Leg” of UEs’ in multi-connectivity scenario, and high MAC can fulfil the flexible control among UEs’ “Legs” by inter-“Cell” scheduling.
For data distribution, high MAC is responsible for data distribution of new transmission and retransmission. In multi-connectivity and CU/DU deployment scenarios, the packets from a radio bearer (RB, including SRB and DRB) may be simultaneously transmitted on one or more “Legs”, and high MAC should distribute plenty of data to each “Leg”. When retransmission is needed, high MAC should schedule a new “Cell”, on which UE can achieve better channel quality than the old “Cell”, to perform the HARQ procedure. That’s to say, the information of HARQ process entity including MAC TBs in old “Cell” should be transferred to new “Cell”.
Proposal 1: Inter-“Cell” scheduling should be one function of MAC in NR.
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Because of the fast control capability of MAC, some control functions for physical layer, which are traditionally resided in RRC, may be transferred to MAC in order to achieve low latency. Enhanced control function of MAC carries on the allocated function from RRC and is responsible for the fast controll over air interface. Enhanced control function of MAC triggers a control procedure per TTI at least and is realized by MAC CE or PDCCH, and some new MAC CE formats or PDCCH formats may be required. Enhanced control function of MAC can be used for control which is required low latency and insensitive to security, such as MAC/beam level mobility. So the enhanced control function of MAC should be a basic function in order to achieve fast control at Transmission Time Interval (TTI) level over air interface.
Take leg management in DC or multi-connectivity as an example, in legacy system, SeNB addition procedure is initiated by the MeNB and is used to establish a UE context at the SeNB in order to provide radio resources from the SeNB to the UE [3]. MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the SCG-Config. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration, it performs the reconfiguration failure procedure. In 5G system, due to inconstant channel condition, leg management should be efficiency and rapid. MAC may decide which leg should be added or deleted based on channel measurement, and then MAC notifies leg information to UE in TTI level control information or PDCCH formats. Compare to RRC control, MAC control has low latency, and the comparison table between RRC control and MAC control is shown as follow:
Table 2.1 comparison between RRC control and MAC control
	
	Delay 
	Reliability of control 
	Scope

	RRC control
	High
	Dependent on PDCP
	Functions related with CN, such as RB control, PDCP entity, RLC entity.

	MAC control
	Low
	Dependent on MAC
	Functions related with Air Interface, such as TM Switch, MAC/beam level mobility.


Proposal 2: Enhanced control should be one function of MAC in NR.
Conclusions
In this paper, we have discussed the new function of MAC in NR. The observations and proposals is shown as follows:
Observation 1: The functions of inter-”Cell” scheduling and enhanced control are essential functions in NR.
Proposal 1: Inter-“Cell” scheduling should be one function of MAC in NR.
Proposal 2: Enhanced control should be one function of MAC in NR.
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