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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 this contribution, some issues about the above NOMA procedures are discussed. Observations and proposals are given based on the discussions.
Issues about NOMA Procedures
UL Transmission Detection
In order to detect multi-user’s payloads from the data generated according to a NOMA scheme in the UL transmission, basic information necessary to know at the gNB includes: the UE-specific DMRS or preamble code configuration, MA signature used by each UE, MCS, and the position of physical resource block to carry PUSCH. We can refer those information as a NOMA resource. Since a NOMA UE can access the channel through either the grant-based or the grant-free way, the gNB then shall change the detection method dynamically. In the grant-based way, each UE generated the NOMA signal according to the UE-specific DCI. Therefore, gNBs exactly know the basic information related to NOMA detection and can carry out multi-user detection directly. In the grant-free way, UEs randomly choose the NOMA resource from the NOMA resource pool pre-configured by the gNB. Then a blind detection method should be adopted at the gNB side. The UE activity detection should be carried out at the first step based on the pre-configured DMRS or preamble code. Then the gNB detect the UL payloads based on the pre-configured MA signature in the short activated UE set. The activated UE set could also be refined in the payload detection process. 
We note that each gNB just detects the UL transmissions of its own cell based on corresponding UL resource allocation. As a consequence, it may not distinguish the interference from the UL UEs of adjacent cell. And the un-detection of interference can have serious adverse impact on the performance of multi-user detection of NOMA, especially in the case when two NOMA UEs from different cells adopt the same MA signature and carriers. In addition, the pollutions of DMRS or preamble code for PUSCH in any two adjacent cells also should be avoided through sophisticated DMRS or preamble code design in the multi-cell deployment. Therefore, the problem of interference un-detection should be avoid for multi-user detection of NOMA. A direct approach is to exchange the knowledge of NOMA related resource allocation between the adjacent gNBs. As a result, a gNB can identify the UL signal from the NOMA UE in the neighbour cell and cancel corresponding interference to get the most correct detection of its own NOMA UEs. In order to further improve the detection accuracy, the detected interference can also sent back to the original gNB which treats the inference as useful signal for a coordination. 
Observation 1: A gNB may suffer the interference from NOMA UEs of adjacent cells, which can have serious adverse impact on the detection of its own NOMA UEs when it does not distinguish the interference.
Proposal 1: Detection of interferences from adjacent cells should be considered in the process of UL NOMA detection. The exchange of the knowledge of NOMA related resource allocation between the adjacent gNBs is a way to exploited for such interference detection.

Resource Allocation
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 application scenarios. For example, grant-based access may be preferred for URLLC transmissions to meet the ultra-high reliability requirement. Grant-free access may be applied to mMTC transmissions due to its advantages of low consumption of control signalling and power. Therefore, the physical resource blocks are 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. 
Generally, 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.  
Observation 2: The resource area for NOMA grant-free access shall be divided into several subareas to meet the requirements of transmissions with different payload size. The HARQ feature of each subarea can be different, and link adaption can be applied among different subareas.
Proposal 2: 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.

HARQ
A number of issues related to HARQ in NOMA are discussed as follows:
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. Although the retransmission can be executed in an adaptive way and the related HARQ process can be asynchronous. It is suggested to first consider non-adaptive retransmission and synchronous HARQ for simplifying the grant-free channel access design and signalling saving. 
Proposal 4: NOMA retransmission can be carried out through either grant-based or grant-free way. For grant-free retransmission, it is suggested to first consider non-adaptive retransmission and synchronous HARQ. 
Conclusion
In this contribution, issues related NOMA procedures including UL transmission detection, resource allocation and HARQ have been discussed. And we made the following observations and proposals:
Observation 1: A gNB may suffer the interference from NOMA UEs of adjacent cells, which can have serious adverse impact on the detection of its own NOMA UEs when it does not distinguish the interference.
Observation 2: The resource area for NOMA grant-free access shall divided into several subareas to meet the requirements of transmissions with different payload size. The HARQ feature of each subarea can be different, and link adaption can be applied among different subareas.

Proposal 1: Detection of interferences from adjacent cells should be considered in the process of UL NOMA detection. The exchange of the knowledge of NOMA related resource allocation between the adjacent gNBs is a way to exploited for such interference detection.
Proposal 2: 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 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 retransmission, it is suggested to first consider non-adaptive retransmission and synchronous HARQ. 
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