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Introduction
URLLC requires a high reliability and extremely low latency. In order to support these requirements, the protocol stack functions in NR should be enhanced. 
In this contribution, we will discuss the potential new MAC function to support URLLC. 
Discussion  
URLLC needs flexible HARQ process switch
In LTE, UE needs an independent HARQ entity per serving cell for uplink and downlink transmission, and the new transmission and the potential HARQ retransmissions of each transport block (TB, composed of data of its SRBs/DRBs) are bonded with the same serving cell [1]. This bundling relationship of TBs and HARQ processes in UE‘s serving cells maybe leads to much more latency, especially in the scenario of high-frequency band which has fragile radio link. 
URLLC requires high real time processing, and in order to achieve the shortest latency, it is necessary to select robust radio links to reduce the number of retransmission which increase the latency. When a retransmission is needed, lower latency can be achieved if a new robust HARQ process can be reselected for this retransmission. The new robust HARQ process may be resided in the same HARQ entity with the retransmitting HARQ process, or may be resided in another HARQ entity in a different serving Cell. The new robust HARQ process should be with a low-BLER radio link for the same UE. The switch between the retransmitting HARQ process and the robust HARQ process should be real time. Based on this real-time switch between different HARQ processes, lower transmission latency can be achieved.
Observation 1: For URLLC, the flexible HARQ process switch is beneficial to achieve lower latency.
Proposal 1: Flexible HARQ process switch between different HART entities of serving cells should be supported in NR.
URLLC needs compact control procedure of radio link 
Multiple cell operation e.g. CA can be a potential method to provide high-reliable transmission for URLLC. For CA operation in LTE, however, the UE‘s context is only maintained by PCell[2]. Assuming that a UE needs to promote one of SCells 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 leads to service interruption and induces the high risk of the reliability of radio link.
URLLC requires high reliability. But as analysed above, the handover is not only meaningless, but also high-risk.  A more compact control procedure should be designed in order to keep the radio link of URLL reliable enough. The compact control procedure should be able to support at least fast switch the PCell and SCell for the UE, and should modify the whole radio link as few as possible, especially for the radio link configuration of upper layer, such as logical channel, DRB, SRB, E-RAB, and even only modifies the radio link over air interface, such as transport channel, physical channel. By means of this way, the reliability of radio link should be protected as much.
Observation 2: For URLLC, a compact control procedure of radio link is beneficial to achieve reliability. 
In LTE, RRC is responsible for signalling and control of the whole radio link of UEs including physical layer configuration [2], which means RRC signalling should be transmitted even if only parameters of physical layer need to be changed.  If the signalling procedures only interactive between peer physical layers, a faster control can b considered and then a lower latency signalling interaction can be achieved. For example, the Transmission Mode (TM) Switch over air interface in LTE is as follows:
· Step 1. MAC in network side triggers TM Switch and informs RRC.
· Step 2. RRC in network side generates the signalling and encodes through ASN.1. And the bit block is transferred to PDCP, RLC, MAC and air interface in sequence. 
· Step 3. Receiving the signalling from air interface in UE side, 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.
· Step 4. Processed as Step 2 in UE side, the feedback signalling is transferred to MAC. If UL Grant is not available, UE should send SR to network side.
· Step 5. If UL Grant is available, UE transmits this signalling to network side immediately.
The latency from Step 1 to Step 5 is at 10ms level given that Random Access procedure is needed in Step 4. Obviously, this manner brings much more redundant latency of ASN.1/PDCP/RLC in Step1, Step2, Step3 and Step4 for TM Switch command. 
As above, TM Switch only is a type of switch over air interface and there’s no relation with high layer radio link. Obviously, the procedure of LTE does not meet the requirement of URLLC because the procedure is not only redundant, but also high latency. 
Observation 3: For URLLC, a compact control procedure of radio link is beneficial to achieve low latency.
Proposal 2: A compact control procedure of radio link should be supported in NR.
Inter-Cell scheduling to enable high reliability and low latency
For URLLC scenario in NR, much more critical requirements, such as lowest latency, highest reliability, are required. So, in order to meet the requirements (e.g. low latency, high reliability) of URLLC, we can enhance MAC because the essential role of MAC is to achieve fast control over air interface, such as scheduling of UEs, allocation of radio resource, etc.
As shown in Fig.1, inter-Cell scheduling are the new additional function of MAC in NR.


Figure 1: overview of MAC in RN 
MAC is composed of Inter-Cell and intra-Cell entities. Inter-Cell entity fulfils the scheduling among Cells and intra-Cell entity fulfils the scheduling in a cell. In every cell, only one intra-Cell entity is needed.
Inter-Cell scheduling is responsible for data distribution of new transmission and retransmission if it’s multi-connectivity scenario. The packets from a 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.
Inter-Cell scheduling is responsible for allocating UEs to be in appropriate Cells per TTI. Because UEs can be allocated to the Cell 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.
Proposal 3: Inter-Cell scheduling function of MAC in NR can be a potential enhancement to achieve high reliability and extremely low latency for URLLC.
Conclusions
In this paper, we have discussed the new function entities of MAC in NR. The observations and proposals are shown as follows:
Observation 1: For URLLC, the flexible HARQ process switch is beneficial to achieve lower latency.
Observation 2: For URLLC, a compact control procedure of radio link is beneficial to achieve reliability.
Observation 3: For URLLC, a compact control procedure of radio link is beneficial to achieve low latency.
Proposal 1: Flexible HARQ process switch between different HART entities of serving cells should be supported in NR.
Proposal 2: A compact control procedure of radio link should be supported in NR.
Proposal 3: Inter-Cell scheduling function of MAC in NR can be a potential enhancement to achieve high reliability and extremely low latency for URLLC.
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