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1. Introduction
In this contribution, the issues that are proposed by companies’ contribution for procedures related to NOMA are summarized with identified topics with majorities’ interests.
2. Key topics for discussion
According to the proposal in companies’ contributions, the following major topics are identified to facilitate the procedure related discussion in RAN1#94.
1. Operation mode of NOMA
2. RS enhancement
3. UE identification
4. Asynchronous/synchronous transmission 
5. MA signature/resource configuration 
6. HARQ procedure
7. Others.
Details description and offline proposals on each sub-topics are elaborated in following sections.
2.1. Operation mode for NOMA
In RAN1#93 meeting, the NOMA transmission with configured grant mode was agreed as baseline for discussion in NOMA SI. According to the contributions in this meeting, views on supporting additional scenarios are shared by many companies. 
As discussed in [2][12][13][18][22][23],  the NOMA transmission with configured grant is more beneficial in the case of stable link connection and light overload, e.g., URLLC transmission. However, for the mMTC and eMBB transmission with aperiodic or event-driven traffic, especially small data size, the NOMA transmission from the RRC-inactive should be supported as attractive solution. Additionally, together with simplified RACH procedure, e.g., 2-steps RACH, obvious benefits on latency/power consumption/overhead reduction can be harvested, especially with a large number of UE. 
Moreover, considering the flexibility on UE multiplexing over MU-MIMO, e.g., criterion on UE pairing and relaxed requirement on CSI, supporting the NOMA transmission in grant-based manner is also proposed by [11][12], especially in HST scenario.
Base on the summary above, the following proposal is provided:
Proposal 1: In addition to the NOMA transmission with configured grant, the following operation modes for NOMA should be studied in the NOMA SI:
· NOMA transmission from UE in RRC-inactive/idle state
· NOMA transmission with dynamic grant (i.e., grant-based) 
      Comments can be listed below if any:
	Company
	View

	KDDI
	OK with RRC-inactive/idle state UL transmission. 


2.2. RS enhancement
As discussed in [1][2][10][12][13][17][19][22][23][25][26], for supporting both UE detection and channel estimation of the NOMA transmission with high overloading, it’s necessary to enhance the existing DM-RS to support much more orthogonal ports, e.g., at least 24. Detailed solutions, e.g., with larger comb, longer OCC code, different numerologies and quasi-orthogonal sequence via different scrambling IDs or CSs, are considered based on existing DM-RS design in Rel-15. For evaluating the performance and capability of each approach, the RS overhead should be taken into account. 
Base on the summary above, the following proposal is provided:
Proposal 2: Enhancement on the DM-RS capacity should be considered in NOMA SI with taking existing design in Rel-15 as start point:
· The port number of enhanced DM-RS should be larger than 24;
· Potential solutions with larger comb, longer OCC code, different numerologies and quasi-orthogonal sequence via different scrambling IDs or CSs can be taken as examples with consideration of RS overhead.
Comments can be listed below if any:
	Company
	View

	KDDI
	Agree with this proposal. However, the impacts of performance by deterioration of channel estimation accuracy can be considered if the number of REs per DMRS port decreases to extend the number of ports.


2.3. UE identification
For achieving the successfully UL transmission as well as following procedures, the UE detection and identification should be studied in NOMA SI as discussed in [1][2][3][5][9][10][22]. DM-RS based UE detection together channel estimation is considering as promising approach. For handling the transmission with potential collision, e.g., DM-RS or MA collision, the association among DM-RS, MA resource and others DL signaling, e.g., SSB/CSI-RSS in FR2, should be studied to minimize the complexity of UE detection and receiver [3][8][9][11][17].
Moreover, to complete the transmission, the UE ID which is used for UE identification can be indicated to gNB within the transmitted data [2][3][9][10][22], e.g., scramble the UE ID with the corresponding CRC, piggybacked within the MAC CE, including UCI which is multiplexed with PUSCH.
Base on the summary above, the following proposal is provided:
Proposal 3: The realistic UE/MA signature detection is conducted based on following:
· UE detection
· RS based UE detection;
· UE identification with following approaches:
· RS based;
· Scrambling ID for data
· ID piggybacked in the transmitted data
· Identification of MA signature
· Association among DM-RS and MA signature/Resource 
· Others/Detailed solutions can be further studied
Comments can be listed below if any:
	Company
	View

	
	


2.4. Asynchronous/synchronous transmission 
In RAN1#93 meeting, following agreements on timing issues for NOMA transmission was achieved:
· 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.
According to the contributions in this meeting, different opinions are shared by companies and which can mainly categorized as below:
· Case 1: Prioritizing the transmission with tolerable TO:
As discussed in [1][7][11][14][24][27], with implementation of existing TA adjustment mechanism, e.g., close- and open- loop, the TA for UL transmission can be maintained, e.g., within CP or 1/2 CP[14], in most of cases, even for the fixed mMTC UE with large cell radius. Then, the transmission with tolerable TO, e.g., within CP should be prioritized in the NOMA SI.
· Case 2: Support the transmission with both tolerable and large TO:
As discussed in [3][10][11][23], in case that data transmission with larger SCS, the propagation delay will exceed the CP, even in cell with medium radius. Meanwhile, as indicated in [27], based on the UE distribution for mMTC, at least for 14% UE, the TO with uniformly distributed range of [0, 2CP] should be considered. Moreover, with consideration on enhancement of RACH procedure, more benefits can be achieved via supporting the transmission with large TO, e.g., in initial access. The required enhancement for supporting the transmission with large TO, e.g., channel structure for transmission, can also be considered in NOMA SI.
Based on the discussion above, since there is not clear majority view on this topic, the following proposal is made: 
Proposal 4: Evaluation of the transmission with both tolerable and large TO should be conducted in NOMA SI:
· Potential enhancement can be considered in case of large TO (i.e., TO>CP) if needed
      Comments can be listed below if any:
	Company
	View

	KDDI
	Basically, agree with this proposal. It is necessary to evaluate the case2 asynchronous transmission with the fact that the additional receiver signal processing, e.g. multiple FFT, is required and the interference to the coexisting resource out of the pools for asynchronous transmission is generated.


2.5. MA signature/Resource configuration
For conducting the UL transmission, the potential MA signature/resources, which will be used by UE in all operation mode of NOMA should be known at both UE and gNB sides to reduce the complexity of detection as discussed in companies’ contribution with various signalling, e.g., RRC signalling [1][12] and physical layer signalling [6][11][12]. The pool-based solution is proposed by many companies [3][4][8][10][16][19][20] in either UE-specific or UE-group-specific or cell-specific to support different cases with following grouping principles, which are used to construct the various MA signature/Resource pools:
1. Different pool designed with different transmission purpose, i.e., transmission/re-transmission [20], initial access [16] and different group of UEs [19].
2. Different pool designed with different thresholds, i.e., MCS [10], PAPR properties [8], QoS and path loss range [4]
Moreover, since the UE will conduct random MA/Resource selection from configured MA/resource pool, assistance information, e.g., statistics information of MA/Resource utilization, which can be indicated to UE to reduce the possibility of collision [4][16]. Additionally, as suggested in [12], unified resource allocation for both OMA and NOMA should also be considered in case that the grant-based NOMA is supported. 
Base on the summary above, the following proposal is provided:
Proposal 5: 
· 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

      Comments can be listed below if any:
	Company
	View

	KDDI
	Agree with this proposal. 


2.6. HARQ procedure
For enhancing the reliability of UL transmission, the HARQ procedure for NOMA in all operation modes should be supported. According to the discussion within companies’ contribution, different views, e.g., whether support the retransmission or not, how to indicate the ACK/NACK and conduct re-transmission are shared.
As indicated in [1], for all cases, e.g., URLLC, mMTC and eMBB, UL transmission with repetition can be considered, but Non-adaptive and adaptive retransmission is more preferred for mMTC and eMBB, respectively. Moreover, as elaborated in [5][13], the re-transmission in grant-free should be supported to further reduce the signaling or avoid frequently switch between OMA and NOMA, especially in case with high overloading. Meanwhile, considering the different use cases, as discussed in [12][20][23], re-transmission in both grant-free and grant-based ways should be studied.
For the explicit indication of ACK/NACK, either UE-specific or common DCI is considered, especially considering the potential collision of transmission with randomly selected MA/resource [6][7][11]. Moreover, considering the overhead signaling overhead reduction, the indication of ACK response only for the successful decoded UE within pre-defined window is proposed by [2][10].
Additional, adaptive re-transmission, e.g., for eMBB, with different MCS, resource are considered in [1][2][16][20], but as suggested by [20], the non-adaptive transmission can be prioritized in the NOMA SI.
Based on the discussion above, the following proposal is made: 
Proposal 6: Further study the HARQ related procedure for NOMA evaluations at least on following aspects:
· Indication of ACK and/or NACK
· Either explicit or implicit 
· For NOMA SLS, the following is assumed for simplicity
· Grant-free to grant-free re-transmission;
· Non-Adaptive retransmission 
Comments can be listed below if any:
	Company
	View

	
	


2.7. Others
In addition to the topics listed above, following issues are also mentioned in some companies’ contribution. More specifically, considering the joint framework design of transmission scheme, as listed in [6][15][22], the switching between NOMA and OMA are discussed via the static, semi-static or dynamical ways.
Moreover, link adaption with adaptive parameter selection for transmission, MCS, SF factor or power control should be considered in at least UL transmission with configured grant [9][22][23], and potential signaling can be considered to indicate the selected parameters for UL transmission from UE to gNB to reduce the complexity of detection [9].
Based on the discussion above, since less attention has been paid for these topics, the following proposal is made as starting point for the discussion in RAN1#94: 
Proposal 7: Down-prioritization of enhancement on other topics, e.g., link adaption, switching between OMA and NOMA should be considered in NOMA SI. :
      Comments can be listed below if any:
	Company
	View
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