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Introduction
Agreements on the objectives of study on Non-orthogonal Multiple Access (NOMA) for NR have been reached in RAN#76[1]. As one of kernel sectors of NOMA SI’s objectives, procedures related to NOMA to be studied include (not limited to):
•	UL transmission detection
•	HARQ, including transmission scheme, feedback scheme, and combining scheme
•	Link adaptation MA signature allocation/selection
•	Synchronous and asynchronous operation
•	Adaptation between orthogonal and non-orthogonal multiple access
In last meeting in RAN1#94b, agreements related NOMA procedures include:
	Agreements:
· Channel structure consisting of preamble and data can be considered for supporting the asynchronous transmission:
· Preamble in Rel-15 can be considered as the starting point. 
· Additional components can be included if necessary, e.g., the UL channel for assisting the UE detection or GP.
Agreements:
· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 
· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).
· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.
· FFS signaling 
· FFS how to handle the collision of MA signature/resource
· FFS the mapping between RS and other MA signatures



In this contribution, we give some discussions about some issues of NOMA procedures based on the reached agreements. Proposals are given based on the discussions.
Issues about NOMA Procedures
Grant-free Transmission
The resource allocation for NOMA shall take both grant-based and grant-free types of UL access method into consideration to meet diverse requirements of 5G applications. For example, grant-based access may be preferred for URLLC applicationss to meet the ultra-high reliability requirement. Grant-free access may be applied to mMTC or small data transmissions due to its advantages of low consumption of control signalling and power. 
Resource Pool
Generally, the physical resource blocks for UL transmissions can be divided into two parts, where one part for grant-based UL access, and the other part for grant-free UL access. The amount of each resource part can be dynamically changed according to the system requirements. For the resource blocks allocated to NOMA grant-free access, they indicate not only the physical positions of carriers for NOMA UEs, but also the set of MA signatures, MCS and the DMRS configurations. And a set of MA signatures with same value of NOMA spreading factor, and the bundling MCS level can determine the exact maximum payload size per resource block, i.e, spectrum efficiency. Therefore, in order to meet the requirements of transmissions with different payload size, the resource area for NOMA grant-free access shall divided into several subareas, where each subarea is bundled with one set of MA signatures, one MCS level, and one type of DMRS configuration. An illustration of resource area division is shown in Fig.1.


Fig.1. An illustration of resource area division considering grant-based and grant-free access for NOMA.
In addition to the advantage of carrying different amount of payloads, resource subarea division can be further exploited. For instance, the HARQ feature can be attached to the subarea. Different subareas can expect different types of ACK/NACK response and maximum retransmission times. Since each subarea bundled with one set of MA signatures and one MCS level, the link adaption can also be applied among different subareas and realized in an implicit way. For example, when the transmissions are fail to detect consecutively for a determined times, the transmissions are then switch to use the subarea with low MCS level. When the transmissions are continuously detect successfully for a determined times, the transmissions can then switch to use the subarea with high MCS level.  
Proposal 1: Subarea division should be considered in the resource area for NOMA grant-free access for transmissions with different payload size. The HARQ feature of each subarea and link adaption among subareas can be further exploited.
Collision Avoidance
For NOMA with grant-free transmission, the performance degradation is mainly caused by the codebook or preamble or DMRS collision between users with similar channel conditions due to random MA signature selection. Therefore, it should be consider collision avoidance in the random MA signature selection process of grant-free transmission. We can adopt an algorithm to map one UE ID or geometry ID to one codebook ID or DMRS ID or preamble ID to reduce the collisions. Modulo operation between the UE ID or geometry ID and NOMA signature ID is kind of simple mapping algorithm. In addition, for the applications with massive connection requirements, it might be necessary to divide end users into different groups and indicate each group to access channel with orthogonal resource blocks to avoid inter-group collisions. NOMA scheme can be applied to intra-group with supportable number of members.  
Proposal 2: Consider algorithm to map UE ID or geometry ID to NOMA signature ID for collision avoidance, and divide UEs into groups if necessary. 

HARQ
HARQ Parameters
Since NOMA is designed to serve different types of scenarios with diverse QoS requirements, the HARQ parameters, e.g., ACK/NACK existence and retransmission time of NOMA UEs can be further set in different types to correspond with the traffic’s QoS level. For example, for URLLC traffic, the first transmission can contain multiple copies of payloads and wait ACK/NACK feedback to fulfil the ultra-high reliability requirement. For mMTC traffic from a scenario where a single failure detection of one end user can be ignored, then we can set no ACK/NACK feedback for such transmissions. For eMBB traffic with large size of payloads, the TB in a HARQ process might be a segmentation of the PDU from high layer and need to guarantee the PDU integrity at the receiver, thus a larger retransmission time may be expected. Therefore, a mapping table between the QoS levels which reflect the performance requirements and HARQ parameter settings can be considered. An example of such table is shown in Table.1.
Table.1. An example of mapping table between the QoS levels and HARQ parameter settings.
	QoS levels 
	HARQ Parameter Settings1

	
	TB size
	Latency Requirement
	Reliability Requirement
	Copy Number in First Transmissions
	ACK/NACK
	Retransmission Times

	1
	small
	low
	low
	1
	No
	0(no retransmission)

	2
	medium
	high
	high
	>1
	Yes
	>1

	3
	large
	low
	medium
	1
	Yes
	>1

	Note1: The numbers given in this table are just taken as an example. The exact values need for further study.



Proposal 3: The HARQ parameters, e.g., ACK/NACK existence and retransmission time of NOMA UEs can be set in different types to correspond with the traffic’s QoS requirements.
Retransmission Methods
When a retransmission occurred in NOMA with grant-free channel access, the transmitter can carry out the retransmission through either grant-based or grant-free way. As for the uplink grant-based retransmission, the gNB can include the UL grant for the retransmission into the DCI and inform it to the end user. The retransmission can use a different MCS to adapt to the channel state. As for the uplink grant free retransmission, the resource for retransmission is selected from the resource pool configured to NOMA. In order to reduce the number of simultaneous NOMA users either with retransmission or new transmission for further reducing the collision probability, a random backoff for carrying out the retransmission might benefit the performance. However extra signalling is needed to indicate the HARQ process ID. It is a trade-off problem between the performance and signalling saving for synchronous and asynchronous retransmission. 
Proposal 4: NOMA retransmission can be carried out through either grant-based or grant-free way. For grant-free, it is suggested to FFS the trade-off problem between the performance and signalling saving for synchronous and asynchronous retransmission.
 Feedback Signalling 
In the transmissions of NOMA schemes, data of a group of UEs are superposed in the same carriers and detected simultaneously. Thus the ACK/NACK corresponding to the detection results can be fedback in a bundling way to save the signalling cost. When all the UL transmissions in one resource area allocated to NOMA UEs are successfully detected, then a common ACK with one bit can be informed to the related UEs. However if a failure being detected, the NACK can be sent with a dedicated signalling. At the UE side, it can first check whether there is a dedicated ACK/NACK signalling. And if there is not, then it can follow the indication of common ACK/NACK signalling for the UEs in the same NOMA group. As for the common ACK/NACK signalling, it can be designed to adopt a common DCI, which the feedback signalling is based on the NOMA group ID. Users within the same group are assumed to use the same carriers. In addition, the ACK/NACK value of a group is determined by the ACK/NACK value of major detections within the group to save the cost of dedicated ACK/NACK signalling. 
Proposal 5: The ACK/NACK for the NOMA transmissions on the same carriers can be fedback in a bundling way to save the signalling cost.
Conclusion
In this contribution, issues related NOMA procedures including grant-free transmission and HARQ have been discussed. And we made the following proposals:
Proposal 1: Subarea division should be considered in the resource area for NOMA grant-free access for transmissions with different payload size. The HARQ feature of each subarea and link adaption among subareas can be further exploited.
Proposal 2: Consider algorithm to map UE ID or geometry ID to NOMA signature ID for collision avoidance, and divide UEs into groups if necessary.
Proposal 3: The HARQ parameters, e.g., ACK/NACK existence and retransmission time of NOMA UEs can be set in different types to correspond with the traffic’s QoS requirements.
Proposal 4: NOMA retransmission can be carried out through either grant-based or grant-free way. For grant-free, it is suggested to FFS the trade-off problem between the performance and signalling saving for synchronous and asynchronous retransmission.
Proposal 5: The ACK/NACK for the NOMA transmissions on the same carriers can be fedback in a bundling way to save the signalling cost.
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