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1	Introduction
According to the NoMA SID (RP-181403) [1], the SI contains the following objective regarding to procedures related to NoMA:
· 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
This contribution discusses aspects of resource allocation, synchronous vs. asynchronous operation, 2-step RACH, HARQ operation in NoMA.  
[bookmark: _Ref178064866]2	Discussion
2.1	Resource Allocation for NoMA
According to below agreements in RAN1 #94[2], methods to mitigate the collisions between UEs co-scheduled in the same time-frequency resource need to be studied for NoMA. 
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

For configured grant transmissions with a number of UEs co-scheduled on the same T/F resource, the signature allocation for different transmissions may be static for each UE or dynamically among a group of UEs.
The problem is if transmissions from colliding UEs are not decodable because the two signatures are too close to each other, then retransmission of data from them on the same resources will likely result in a failure again.
Signature allocation rules are needed to mitigate the interference between different UEs for non-orthogonal multiple access. Signature hopping can be applied for different transmissions or retransmissions of each UE, where performance gain from the usage of different signatures utilized by a group of UEs in different transmissions and/or retransmissions is expected.
For example, assuming a group of 4 UEs are scheduled on the same time frequency resource using different NOMA signatures and use signature hopping between UEs. Assign a set of 4 signatures for these 4 UEs, and each UE has 4 transmissions. The same set of signatures are swapped between UEs in different transmissions.
	
	TX1,RV1
	TX2,RV3
	TX3,RV2
	TX4,RV4

	UE1
	S0
	S1
	S2
	S3

	UE2
	S1
	S0
	S3
	S2

	UE3
	S2
	S3
	S0
	S1

	UE4
	S3
	S2
	S1
	S0









[bookmark: _Ref520729187][bookmark: _Toc528760034]Signature hopping should be studied for the NoMA transmissions or re-transmissions to mitigate the collisions between UEs. 
According to [3], UEs co-scheduled in the overlapped time-frequency resource may have different received powers at gNB side even if power control is used, while UE is power limited most of the time. Thus, determining a group of UEs that should be co-scheduled in the same time frequency resource for NoMA needs to be studied and differences in their received power should be considered.
[bookmark: _Toc528760035]Selection of a group of UEs should be studied for NoMA and difference in received power between UEs should be considered.
2.2	Synchronous vs. Asynchronous Operation in NoMA
The study item in NoMA describes that the design should target both synchronous and asynchronous cases. Below agreements were made in RAN1 #93, RAN1 #94, RAN1 #94bis meetings regarding the synchronous and asynchronization UL data transmission.
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.
Agreements:
· Determine the value y for the evaluation with non-zero timing offset (including asynchronous)
· For Case 1: y = NCP/2
· For Case 2: y = 1.5*NCP
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.

Synchronous UL data transmission should be the starting point. A uniform distribution between [0, CP/3] of the timing error which was used in RAN4 evaluation can be assumed for NoMA evaluation in synchronous operation.
However, the definition of the term asynchronous should be further studied. As is known, the design in NR is based on synchronous operation in the UL, where UEs by performing measurements and applying a timing advance are synchronous within the cyclic prefix.
Even if asynchronous operation is to be considered, some of the problems that already exist even without NoMA had to be addressed. One main issue with asynchronous reception of different UEs (reception beyond CP) is that different FFTs should be used at the receivers, which means different receive chains have to be used. Another problem is the non-orthogonality due to subcarrier interference, i.e. detection can no longer be split into per subcarrier.
Following the NR design, NoMA transmissions should also be based on synchronous operation. Furthermore, as a starting point, NoMA should be based on UL data transmission and detection procedures of Rel-15 configured grant based transmissions that was already agreed in RAN1 #93, which means UEs in the NoMA operation should be always in RRC active state and the initial timing misalignment has already been compensated.
In section 5.2 of [4], RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned.
When a timeAlignmentTimer expires, PUCCH will be released and any configured downlink assignments and configured uplink grants will also be cleared if configured. 
And in section 5.4.4 of [4], if the MAC entity has no valid PUCCH resource configured for the pending SR, a random access procedure will be initiated on the SpCell and cancel the pending SR. So the timing alignment will be maintained by the random access procedure.

[bookmark: _Toc528760036]Any preamble + data transmissions should be compared to release 15 random access procedures.

In cases where the UE transmits frequently, the gNB will be able to maintain accurate timing advance and there’s need to transmitting preamble frequently. In such cases, asynchronous operation is unlikely.  On the other hand, if the UE may transmits infrequently, e.g. in mMTC traffic model, but it transmits multiple packets after initial transmission, the RACH overhead is low. 

[bookmark: _Toc528760037]The need for asynchronous transmissions should be justified according to NoMA traffic models.

2.3	Two-step RACH procedure
In RAN #81 meeting, WF on 2-step RACH was agreed as below [5]:
· A common 2-step RACH design for various use cases is desirable 
· PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs (no SIDs updates) 
· 2-step RACH can be included in a later Rel-16 WI, per normal approval process.
· Higher layer aspects of 2-step RACH can be studied within NR-U SI with the understanding that higher priority should be given to the feasibility of NR-U operation in the architectures described in the NR-U SID [RP-181339] and aspects that may require input from SA WGs
Based on our understanding, 2-step RACH in NR-U may reduce LBTs [6], while in NoMA, latency gain from 2 step-RACH compared to 4-step RACH is not that much.
[bookmark: _Toc528760025]2 step-RACH is not in the scope of the NoMA study item, as agreed in RAN#81 [RP-182126].
2.4 HARQ operation of uplink data transmissions with configured grant in NoMA
In Rel-15 NR, no explicit HARQ-ACK feedback is supported for UL transmission. Also, for UL transmission with configured grant, only grant-based retransmission is supported. In this case, an ACK is assumed by UE if no Downlink Control Information (DCI) for retransmission is received before a timer expires. A parameter “New data indicator” in DCI with format 0_0 or 0_1 is signalled to a UE to indicate an initial transmission or a retransmission on PUSCH. 
When the implicit HARQ-ACK/NACK is not received within a predetermined time period, the assumption of an ACK in release 15 might be reasonable for some use cases of NR, but may not be sufficiently robust for NoMA, or other features when more than one UEs are co-scheduled on the same Time-Frequency (TF) resources, where there is a higher probability of conflicts and failed transmission. 
As is known, when a UE operates with configured grant Type 1 or Type 2, that UE transmits data only when there is data to be transmitted. Otherwise, there will be no actual data transmitted. Since this is not known to gNB, the gNB must also determine if the UE does not transmit. DTX detection may be imperfect, and so besides ACK/NACK, Discontinuous Transmission (DTX) (no signal received) could be also signaled to UE.
In release 15, the calculation of HARQ ID for transmissions with configured grant mainly considers the timing resource, which might be not sufficient for NoMA. This is because, a HARQ may also be related to signature in NoMA, e.g. a number of signatures maybe mapped to one HARQ process in which the transmissions can do hopping among these signatures. 
To address the issues mentioned above, explicit HARQ feedback definition should be studied for a group of UEs in NoMA operation, either with UE specific DCI or common DCI, and the HARQ ID of each UE can be associated to its signature ID(s).

[bookmark: _Toc528760038]Explicit HARQ feedback definition should be studied for a group of UEs in NoMA operation, either with UE specific DCI or common DCI. 
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[bookmark: _Toc528760039]The HARQ ID of each UE can be associated to its signature ID(s).
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3	Conclusion
This contribution has considered aspects of resource allocation, synchronous vs. asynchronous operation, Two-step RACH procedure and HARQ operation on transmissions with configured grant.  We made the following observations and proposals:
Observation 1	2 step-RACH is not in the scope of the NoMA study item, as agreed in RAN#81 [RP-182126].

Proposal 1	Signature hopping should be studied for the NoMA transmissions or re-transmissions to mitigate the collisions between UEs.
Proposal 2	Selection of a group of UEs should be studied for NoMA and difference in received power between UEs should be considered.
Proposal 3	Any preamble + data transmissions should be compared to release 15 random access procedures.
Proposal 4	The need for asynchronous transmissions should be justified according to NoMA traffic models.
Proposal 5	Explicit HARQ feedback definition should be studied for a group of UEs in NoMA operation, either with UE specific DCI or common DCI.
Proposal 6	The HARQ ID of each UE can be associated to its signature ID(s).
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