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1 Introduction
In RAN1 #93 several base assumptions are made for the design/operation of NOMA schemes.

Agreements:
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
Agreements:
· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0, y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.

To be aligned with the discussion/consensus we made before and also to be productive during the remained period of the study item, we would need to modify some of the rel-15 feature of configured grant, and we would also need to check whether there would be any uncovered procedures to be discussed. In this contribution, based on what we have discussed and observed, several proposals are brought as assumptions for NOMA study.

2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion

2.1 HARQ process for NOMA
According to rel-15 configured grant, UE assumes grant-free transmission is successful when no feedback is received and the timer expires or the transmission is switched from configured grant to scheduling based PUSCH to manage HARQ retransmission, when NAck is received. 
Such a switching from configured grant to scheduling based UL transmission would mean that when NOMA failure happened by e.g., MA signature collision or any other reasons, NOMA would stop to operate and switch to OMA based transmission, unless we made further agreements that NOMA can also be used/studied for scheduling based UL transmission. 

In a perspective of performance comparison for NOMA schemes, it should be considered to introduce HARQ retransmissions using also grant-free, since from the performance evaluation, NOMA has good performance even in high overloading cases, or we would see a frequent switching from NOMA to OMA during the HARQ process, according to the target BLER. And also in a perspective of practical utilization of NOMA, since NOMA SI also covers NOMA in URLLC, timer based Ack acquisition or switching from NOMA to OMA within HARQ transmission would not be a proper procedure to be used for NOMA transmission. So we suggest to make a modification from rel-15 configured grant as below.

Proposal 1: HARQ procedure within grant-free UL transmission should be considered in rel-15 NOMA SI

And such adaptation of HARQ procedure into grant-free transmission would allow more advanced schemes for MA signature collision avoidance which would make the gain of NOMA more clearly. 
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Proposal 2: Collision avoidance algorithm can be studied with HARQ transmission

2.2 DMRS structure
 Though the exact goal or requirement of MA capacity remains open for each use case of NOMA, it is obvious that enhancement on MA capacity is an essential part of gain by NOMA. So the possible gain at MA capacity should be carefully compared among the proposed NOMA schemes.
 To clearly understand MA capacity of each NOMA scheme, we would need to isolate the impact of MA signature collision from other features with possible collision, so no collision of DMRS needs to be considered for the performance evaluation. Or at least, the impact of DMRS collision and MA signature collision should be separately considered. If NOMA scheme can support larger MA capacity than DMRS, then we would start the further discussion on DMRS enhancement/modification. 

Proposal 3: For the evaluation of each NOMA scheme, no collision on DMRS needs to be considered 
Proposal 4: Necessity of modification/enhancement of DMRS for NOMA would be discussed after evaluation of NOMA without DMRS collision

2.3 Adaptation of per UE spectral efficiency 
 If NOMA would be used only for limited cases without needs to support high spectral efficiency per UE, we would fix MCS level and TBS size without dynamic adaptation. But during the discussion in Rel-15, it has shown that companies are interested on adaption of per UE spectral efficiency within a limited scope to fully utilize the benefits of NOMA. 
 The way of achieving spectral efficiency adaptation of high spectral efficiency would be different for each NOMA schemes, according to its characteristics. For example, NOMA schemes supporting large MA capacity would achieve high spectral efficiency by configuring multiple MA signature per UE and allowing multi-layer transmission. The benefits of multi-layer transmission in NOMA would be clear. NOMA schemes which can support large MA capacity would easily adjust spectral efficiency by changing the number of MA signature to be used for simultaneous transmission. 

Proposal 5: If link adaption or support of relatively high spectral efficiency is considered, multi-layer transmission should be considered as one of the candidate method. 

2.4 Procedures for NOMA in RRC idle/inactive mode 
Considering that the main usage of NOMA could be autonomous/grant free transmission achieving latency reduction and power saving gain, utilization of NOMA UL transmission in RRC idle/inactive mode would be an attractive option to be discussed in NOMA SI. But considering the time slots allowed for NOMA study, optimizations for NOMA in RRC idle/inactive mode would need to be avoided.
And we would also need to simplify the evaluation assumptions, if evaluation is needed 

Proposal 6: As a scenario of NOMA UL transmission in RRC idle/inactive mode, asynchronous reception of NOMA signals needs to be evaluated at least via LLS, but without additional features for the performance optimizations in RRC idle/inactive mode.

Proposal 7: If evaluation of UL asynchronous mode needs to be done within this SI period, it would be done with simple evaluation assumptions and the results should be used only for the comparison between NOMA schemes, not OMA
· Ideal channel estimation only to avoid the discussion of channel estimation with ISI
· Assume UE detection without collision, while collision can occur on MA signatures

2.5 MA signature selection/configuration per UE
It is obvious that MA signature collision handling or capacity of MA would be highly correlated with the algorithm of MA signature configuration/selection per UE. Since we are focusing on the evaluation of NOMA schemes for performance comparison, an algorithm which can clearly differentiate performance of each NOMA scheme would be preferred
Let’s assume we want to compare MA capacity of two NOMA scheme, where scheme A has a MA signature pool size of 40, while scheme B only have a MA signature size 20. To compare the performance of each scheme with pre-configured MA signature and with random MA signature selection, let’s assume the number of UE per cell as 40, and number of simultaneous transmission UE as 4. 
If NOMA scheme A is applied with pre-configured MA signature, since the number of UE per cell is not more than the pool size, no collision would happen, and we would make a consensus that scheme A is proper to support BLER of 10%, at least when we consider MA capacity only.
When scheme B is used with pre-configure MA signature, since the number of UE within a cell is double of pool size, collision would happen between 2 UEs or between 2 pairs of UEs. (if each MA signature is configured only for 2 UEs). We can extract the probability of collision or # of UEs with collision as below.  
cases of (only 3 signature are selected & 3 signatures are mapped on 3 UEs & one more UE with one signature of above 3) 
Over cases of selecting 4 UEs from 40


case of (only 2 signatures are selected & 2 signature are mapped on 4 UEs with one duplication) 
           Over cases of selecting 4 UEs from 40

Where  means probability of collision would happen for n UEs. The equation shows that 0.039 UE of 4 UEs would be suffered by collision, which means collision ratio of 0.99% per UE. 

If random signature selection is applied, the probability of collision would be greatly increased. For example, when NOMA scheme A is used with random MA signature selection under the same consider shown above, the collision would happen within 2 UEs, 3 UEs, 4 UEs, or 2 pairs of UEs. The probability of collision can be easily extracted by equation as below,  
=P(one signature is selected twice & other 2 signature is selected)

=P(one signature is selected three times & another signature is selected)

=P(one signature is selected four time) + P(two signatures are selected twice)


And we observe the collision ratio of 8.91%. per UE
With the similar way, we can extract the probability of MA signature of collision when scheme B is used with random MA signature selection. 


And the results show collision ratio of 12.8%.

Here are the summary of the example.
	
	With pre-configuration
	With random selection

	Scheme A
	0%
	8.91%

	Scheme B
	0.99%
	12.8%



In this simple example, two NOMA schemes show similar performance difference either with pre-configured MA signature or with random signature selection. But to check the capability of supporting low collision rate which would be essential to support low BLER operation, it would better to work with pre-configured MA signature. 

Proposal 8. Pre-configured MA signature is considered as baseline and random MA signature selection would be considered for limited cases, e.g., eMBB or for NOMA in RRC connected mode.

3 Conclusion
In this contribution, we discussed several features which should be considered in NOMA study and proposed following suggestions. 
Proposal 1: HARQ procedure within grant-free UL transmission should be considered in rel-15 NOMA SI
Proposal 2: Collision avoidance algorithm can be studied with HARQ transmission
Proposal 3: For the evaluation of each NOMA scheme, no collision on DMRS needs to be considered 
Proposal 4: Necessity of modification/enhancement of DMRS for NOMA would be discussed after evaluation of NOMA without DMRS collision
Proposal 5: If link adaption or support of relatively high spectral efficiency is considered, multi-layer transmission should be considered as one of the candidate method. 
Proposal 6: As a scenario of NOMA UL transmission in RRC idle/inactive mode, asynchronous reception of NOMA signals needs to be evaluated at least via LLS, but without additional features for the performance optimizations in RRC idle/inactive mode.
Proposal 7: If evaluation of UL asynchronous mode needs to be done within this SI period, it would be done with simple evaluation assumptions and the results should be used only for the comparison between NOMA schemes, not OMA
· Ideal channel estimation only to avoid the discussion of channel estimation with ISI
· Assume UE detection without collision, while collision can occue on MA signatures
Proposal 8. Pre-configured MA signature is considered as baseline and random MA signature selection would be considered for limited cases, e.g., eMBB or for NOMA in RRC connected mode.
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