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1 Introduction
In RAN1 #94 there were several discussions about NOMA related procedures which should be considered for evaluation or possibly to be considered in NOMA scheme’s performance comparison later on. Though not plenty of agreements ware made, further discussion points were captured in agreements.

Agreements:
· Consider mechanism to handle or mitigate the collision on MA signature/RS/resource, if needed
· FFS whether the number of configured MA signature/RS/resource from UE perspective can be 1 or multiple
· FFS whether multiple sets of MA signature/RS/resource can be configured to a UE

In this contribution, we share our views on the discussion points captured above, and also discuss other issues that would be essential for the study of NOMA performance. 

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

2.1 MA signature selection/configuration and collision
Before we discuss the necessity to apply collision avoidance algorithms, it would be needed to check the detailed situation when and how MA signature collision happens. For example, 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. 
Here are some examples how the MA signature allocation/configuration impact the possibility of MA signature collision. Let’s assume we consider two NOMA schemes with different MA signature pool size, where scheme A has a MA signature pool size of 40, while scheme B only have a MA signature size 20. 
If we assume pre-configured MA signature for both scheme where the cell has 40 candidate UEs for NOMA transmission and only one MA signature per UE, scheme A will map 1 UE to each of MA signature, but scheme B will map 2 UEs to each of MA signature. 
As a result, regardless of number of UEs in simultaneous NOMA transmission, scheme A would have no collision of MA signature, while scheme B could have MA signature collision between simultaneous transmissions, if UEs with the same MA signature are there. It is obvious that the possibility of collision of expected number of collision would depend on number of simultaneous transmission. The probability of MA signature collision of scheme B can be calculated as: 

It can be shown that the probability of collision is given by:

Where, 
· N is the number of UEs.
· n is the number of UEs per signature = number of UEs divided by number of signatures.
· r is the number of simultaneous transmissions in a slot.

And for some number of simultaneous transmission, the expectation of collision is evaluated below: 
Table 1. Expectation/probability of collision when scheme B is applied with preconfigured MA signature.
	# of simultaneous transmission
	2
	4
	6
	8
	10

	Avg. N of collision
	0.0529
	0.3087
	0.7681
	1.4272
	2.302

	Prob. of collision
	0.0256
	0.0769
	0.128
	0.1795
	0.2308



If random MA signature selection is applied where UE can select its MA signature per each transmission, it would be obvious that MA collision would happen regardless the size of MA signature pool. A collision can be assumed in case a signature is randomly selected, and any of the remaining r-1 users select the same signature. In this case,

Where,
· M is the number of available signatures.
· r is the number of simultaneous transmissions in a slot.
Table 2 shows evaluation results for the probability of collision. 
Table 2. Probability of collision for scheme A, scheme B with random MA signature selection.
	# of simultaneous transmission
	2
	4
	6
	8
	10

	Scheme A
	Prob. of collision
	0.025
	0.0731
	0.1189
	0.1624
	0.2038

	Scheme B
	Prob. of collision
	0.05
	0.1426
	0.2262
	0.3017
	0.3698



[bookmark: _GoBack]Observation 1: When MA signature pool size is larger than # of simultaneous transmission, random MA signature selection will cause more collision than MA signature pre-configuration.

Proposal 1. Pre-configured MA signature is considered as baseline and random MA signature selection could be considered for limited cases if there is a necessity.

2.2 HARQ process for NOMA
We would also need to consider the utilization of HARQ retransmission or repeated transmission as a simple way of collision avoidance before introducing a new algorithm of collision management. 
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 granted 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 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 2: 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. For example, due to the limited number of NOMA signatures, compared to the potential number of users that exist in a same cell and can potentially be transmitted using a NOMA scheme in a certain slot, there is a possibility of NOMA signature collision at a slot level. But with a repeated transmission across multiple slots, if NOMA signatures are changed per slot per UE, it would seem reasonable that each UE would have a slot where NOMA signature collision does not happen.


[bookmark: _Hlk525947667]Proposal 3: Benefits of collision avoidance by adaptive HARQ transmission or repeated transmission should be studied before the introduction of other MA signature collision avoidance algorithm. Following examples can be considered. 
· MA signatures are randomly changed per slot per repetition
· MA signature hopping pattern is configured/defined per slot for repeated transmission
· etc



2.3 Adaptation of per UE spectral efficiency with multiple MA signature per UE
 If NOMA would be used only for limited cases without need 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 4: If link adaption or support of relatively high spectral efficiency is considered, multi-layer transmission should be considered as one of the candidate method. 
· Multiple of MA signature or signature set can be configured per UE 


2.4 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 5: For the evaluation of each NOMA scheme, no collision on DMRS needs to be considered 
Proposal 6: Necessity of modification/enhancement of DMRS for NOMA would be discussed after evaluation of NOMA without DMRS collision


2.5 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 supporting of NOMA would not be a reason to design a scheme to support data transmission in RRC idle/inactive mode, and any of discussion to introduce additional features for data transmission in RRC idle/inactive mode should be avoided. However, it would be obvious that preamble transmission should lead data transmission, if NOMA transmission happens in RRC idle/inactive mode. 

Proposal 7: 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 introduction of additional features to support data transmission in RRC idle/inactive mode.
· Data transmission with preamble would be needed, but not with further optimization

3 Conclusion
In this contribution, we discussed several features which should be considered in NOMA study and proposed following suggestions. 

Observation 1: When MA signature pool size is larger than # of simultaneous transmission, random MA signature selection will cause more collision than MA signature pre-configuration.

Proposal 1. Pre-configured MA signature is considered as baseline and random MA signature selection could be considered for limited cases if there is a necessity.
Proposal 2: HARQ procedure within grant-free UL transmission should be considered in rel-15 NOMA SI
Proposal 3: Benefits of collision avoidance by adaptive HARQ transmission or repeated transmission should be studied before the introduction of other MA signature collision avoidance algorithm. Following examples can be considered. 
· MA signatures are randomly changed per slot per repetition
· MA signature hopping pattern is configured/defined per slot for repeated transmission
· etc
Proposal 4: If link adaption or support of relatively high spectral efficiency is considered, multi-layer transmission should be considered as one of the candidate method. 
· Multiple of MA signature or signature set can be configured per UE 
Proposal 5: For the evaluation of each NOMA scheme, no collision on DMRS needs to be considered 
Proposal 6: Necessity of modification/enhancement of DMRS for NOMA would be discussed after evaluation of NOMA without DMRS collision
Proposal 7: 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 introduction of additional features to support data transmission in RRC idle/inactive mode.
· Data transmission with preamble would be needed, but not with further optimization

References
[1] [bookmark: _Ref377468317][bookmark: OLE_LINK23]RAN1 #94 Chairman’s note 
[2] R1-1808970, “Procedures to be considered for NOMA operation”, Nokia, Nokia Shanghai Bell, 3GPP RAN1 #94
