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Introduction
URLLC requires a high reliability (e.g., successful packet transmission probability of 99.999%) and extremely low latency (e.g., 0.5m – 1ms). In order to achieve these requirements, packet duplication and scheduling mechanism can be implicated to protocol stack functions in NR, especially NR MAC function should be optimization and enhanced. 
In this contribution, we will discuss the potential NR MAC function to support URLLC. 
Discussion  
Transmission duplication schemes for URLLC
In LTE, two main data duplication schemes are used to improve the reliability. The one duplication scheme is implicated in PDCP/RLC (DC like), and the other scheme is implicated in MAC (CA like). In those two schemes, the same data packets are transmitted in different legs. Both two schemes can satisfy the low latency requirement of URLLC. However, for CA operation in LTE, the UE’s context is only maintained by PCell. In case of UE mobility, the channel quality of PCell may decrease while the channel quality increases. Assuming that a UE needs to promote one of SCells to be the PCell instead, this will be implemented by a handover, which will lead to service interruption and induces the high risk of the reliability of radio link. 
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.
MAC structure for data duplication:  one HARQ entity for one/multiple HARQ process, and one HARQ process per CC.  In this duplication mode, packet duplication across multiple CCs (correspond to different HARQ processes) is managed by a common HARQ entity. By optimizing the CCs, radio resource utilization increases and fulfils the reliability requirement of URLLC. Different HARQ processes controlled by one HARQ entity transmit the copies of one TB. The HARQ processes are separate and the copies of TB may be not all the same, so in the reception side accuracy can be increase with combination gains.
Proposal 1: Transmission with duplicated scheme in different HARQ processes can be enhanced in NR to fulfil the reliability and low latency of URLLC.  
Retransmission schemes for URLLC 
In LTE, RRC is responsible for signalling and control of the whole radio link of UEs including physical layer configuration, 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 triggered by MAC can be considered and then a lower latency signalling interaction can be achieved. 
Based on the discussion in LTE LAA and CA Release 10, when a retransmission is needed or retransmission number of one HARQ process reach a relatively large number, lower latency can be achieved if a new robust HARQ process can be reselected for this retransmission to achieve low latency and high reliability. 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 with NR MAC. Based on this real-time switch between different HARQ processes, high reliability and lower transmission latency can be achieved in URLLC.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: Retransmission in different HARQ processes can be enhanced in NR to fulfil the reliability and low latency of URLLC.  
NR MAC entity to enable high reliability and low latency
To fulfil the requirement of enhancement in NR MAC, NR MAC entity structure is designed as shown in Fig.1. 


Fig 1: Overview of MAC in NR
MAC is composed of Inter-Cell MAC and intra-Cell MAC entities. Inter-Cell MAC entity fulfils the scheduling among Cells with one HARQ entity and intra-Cell MAC entity fulfils the scheduling in a cell with one HARQ process[1]. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Inter-Cell MAC scheduling is responsible for data distribution of new transmission and retransmission if one HARQ entity has multiple HARQ process. The packets from a RB (including SRB and DRB) may be simultaneously transmitted on one or more legs, and Inter-Cell MAC should distribute plenty of data to each leg. When retransmission is needed, Inter-Cell MAC should schedule a new cc (cell), on which UE can achieve better channel quality than the old cc (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 MAC scheduling is responsible for allocating UEs to 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.
[bookmark: OLE_LINK13]Proposal 3: NR MAC with inter-Cell MAC and intra-Cell MAC 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:
Proposal 1: Transmission with duplicated scheme in different HARQ processes can be enhanced in NR to fulfil the reliability and low latency of URLLC.  
Proposal 2: Retransmission in different HARQ processes can be enhanced in NR to fulfil the reliability and low latency of URLLC.
Proposal 3: NR MAC with inter-Cell MAC and intra-Cell MAC can be a potential enhancement to achieve high reliability and extremely low latency for URLLC.
References
[1] R2-168758 New MAC function to support URLLC, CMCC
image1.emf
Scheduling/Priority handling

Multiplexing

HARQ entity

HARQ 

process

HARQ 

process

HARQ 

process

Inter-

Cell MAC

Intra-

Cell MAC

Intra-

Cell MAC

Intra-

Cell MAC

cc

cc cc


oleObject1.bin
�

�

�

Text


Scheduling/Priority handling


Multiplexing


HARQ entity


HARQ process


HARQ process


HARQ process


Inter-Cell MAC


Intra-Cell MAC


Intra-Cell MAC


Intra-Cell MAC


cc


cc


cc



