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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In Rel-15 NR Non-orthogonal Multiple Access (NOMA) SID, the following objectives have been identified for the study of NoMA related procedures [1]: 
1.3	Procedures related to the non-orthogonal multiple access [RAN1]
•	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 RAN1#93, the following agreements were further achieved [2].
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.
Following the above agreements, in this contribution, we will herein discuss the NoMA-related procedures, focusing on the discussion of NoMA for Grant-free (GF) transmission and the potential asynchronous UL data transmission. 
2 Discussion on NoMA for GF transmission
Since a GF-based transmission can significantly reduce signaling overhead, UE power consumption, and transmission latency, it suits well the small-packet transmissions in all mMTC, URLLC and eMBB scenarios. For higher resource utilization, it configures multiple UEs multiplex on the same time/frequency resources, introducing inter-user interferences that a NoMA technique can effectively mitigate. Hence, NoMA would make GF transmission more robust.
2.1	MA Signature Allocation
A gNB detects the colliding UE activity using DMRS detection in GF transmission. To minimize the DMRS collision, the DMRS pattern is configured in a UE-specific way informed by RRC or L1 signaling (depending on the types of GF, Type-1 or Type-2 in NR Rel-15, subclause 6.1.2.3 of TS38.214 [3]).
When NoMA transceiver is applied, its MA signature should be pre-configured together with the DMRS in a UE specific way by a simple extension from the current resource configuration method defined for NR configured grant Type 1 and Type 2.
Proposal 1: The MA signature allocation in addition to DMRS configuration shall be based on Rel-15 NR configured grant operation, i.e., through RRC configuration for Type-1 and L1 signaling for Type-2. 
2.2	DMRS-based UE detection and Channel Estimation
When enabling a NoMA technique for a contention-based GF transmission, a gNB could do UE activity detection and channel estimation based on the UE specific DMRS. As illustrated in Figure 1, a gNB’s active UE detector firstly pre-filters out a short list of potential active UEs based on the DMRS, and then its channel estimator processes them and updates the short list. 
[image: ]
Fig. 1 Basic receiver structure for UL GF systems
Assuming the two types of DMRS pattern configurations (Type1 and Type 2) in NR Rel-15 are used, we can apply the type 1 pattern with 4 and 8 orthogonal DMRS ports respectively within 1 and 2 OFDM symbols and the Type 2 pattern to 6 and 12 orthogonal DMRS ports respectively. To ensure a low DMRS miss-detection rate or collision, the required number of DMRS patterns shall be equal to or in the same range as the number of the potential multiplexed UEs. Hence, it is possible to extend the current DMRS design for more distinguishable ports.
When it comes to DMRS extension, there are different ways to extend, e.g., orthogonal extension with more overhead, or non-orthogonal extension with more sequences. For a fair comparison among NoMA schemes, the overhead of DMRS for a give number of UEs should be aligned.
Proposal 2: For NoMA evaluation with potential DMRS extension, the overhead should be aligned for the comparison of different NoMA schemes at a given number of UEs. 
2.3	Repetition and HARQ retransmission operations
Both repetitions and retransmissions are supported in NR Rel-15 Configured Grant. The same procedures can be used when NoMA is applied in the transmissions, but the configurations could be scenario specific. For instance, 
· For URLLC, given the tight deadline, it is more efficient to configure K repetitions (e.g., K=1, 2, 4, etc.) than to apply HARQ-NACK triggered retransmission. 
· For mMTC, since the cell size is big and delay requirement is loose, more repetitions or HARQ retransmissions could be applied, especially for the cell edge UEs. Moreover, given the potentially limited bandwidth, non-adaptive retransmission (the resource and MCS level remain the same as in the initial transmission) is more preferred.
· For eMBB, besides the K repetitions and non-adaptive retransmissions, adaptive retransmission could also be considered, if more frequent UL measurement is available.

3 Discussion on Asynchronous UL Data Transmission
Existing TA Adjustment Procedure
UL TA (timing advance) is essential to reduce the network receiver complexity and has been adopted in past designs and also for NR. The TA adjustment procedure aligns the timing offsets (TO) of multiple UL UE signals. Briefly, a UE first synchronizes itself with respect to the DL synchronization reference signal and then send UL signals for its serving base station to measure the TO. The base station then signals back a TA command to adjust the UE UL transmission timing. Figure 3 illustrates the concept of TO, TA, and the residual TO after TA adjustment. 
[image: ]
Fig. 3 Illustrative example of the concept of timing offset (TO), timing advance (TA), and residual TO.
Specifically, a complete TA adjustment procedure in NR Rel-15 [4] consists of two stages: an initial TA adjustment in the RACH procedure and a closed-loop TA update:  
· During the initial TA adjustment stage, a gNB detects a time offset based on the preamble that a UE sends in Step#1 RACH procedure, and reads the TA indication contained in the RAR in Step#2 of the RACH procedure.  
· During the closed-loop TA update stage, a NB measures a time offset based on UE’s UL signals and sends the UE the indication of TA update in the MAC CE. 
The close-loop TA update stage is kept throughout the active time of a UE. In this way, a UE TA drift due to mobility or varying environment is compensated in time. When a gNB fails to maintain the TA, it will re-initialize the RACH procedure for the UE to enter into the initial-TA-adjustment stage. 
Such a TA maintenance procedure has worked effectively (in the commercial fields) in all the existing multi-carrier OFDM waveform[footnoteRef:1] based systems to avoid the inter-symbol interference (ISI) to the UEs transmitting on neighboring subcarriers and the residual TO remains at a negligible level. [1:  DFT-s-OFDM is also a multi-carrier waveform which offers single carrier property by applying the transform precoding before symbols-to-REs mapping.] 

Observation 1: The existing TA maintenance procedure defined in R15 can effectively synchronize the UEs to have a negligible residual TO. 

Non-negligible Residual TOs 
At the result of the accurate TA adjustment procedure, the UL reception time at the base station for all UEs is synchronized. There has been some discussion on the asynchronous case, i.e. the existing UL TA maintenance procedure is not applied or is not fully applied to some UEs. Such asynchronous case may arise in the context of UE UL transmission in RRC_Inactive state. It is noted that UL data transmission in RRC_Inactive is not supported by Rel-15 and is also not within the scope of Rel-16. Nevertheless, in the following, we discuss whether asynchronous transmission has to occur for UEs in RRC_Inactive state.
For a UE in RRC_Inactive, it should have been in the RRC_Connected state previously. Thus, the UE should have performed a complete RACH procedure. Consequently, the initial TA adjustment signaled in RAR is available to the UE. In the following, we discuss several RRC_Inactive UEs:
· For an RRC_Inactive UE that does not move, the initial TA adjustment from RAR can still be used for the UE to operate in the synchronous mode. It is noted that the UE has to wake up from time to time and synchronize to the DL signals for RRM measurement. Thus, the oscillator drift can be compensated by UE already.
· For an RRC_Inactive UE that does move around, if close-loop TA adjustment is not used, the TO depends on the cell radius. For deployments with small ISD, e.g. typical for eMBB deployments, the TO shall still be well within the CP duration. For deployments with large ISD, TO may exceed the CP duration. Table 1 shows the worst TO for different ISDs.
It should be noted that for a UE in RRC_Inactive, if the UE moves out of its last serving cell (or its configured notification area), the new base station does not have the UE context and may not know the UE UL transmission parameters. Thus, whether UL data transmission in RRC_Inactive should be applicable for moving UEs needs to be further studied, in another study or work item.
Table 1 Worst case TO over Normal CP (NCP) in different cells @ 15KHz SCS
	Cell ISD
	Worst case TO / NCP @ 15KHz SCS

	Small (200m)
	16%

	Medium (500m)
	40%

	Large (1732m)
	142%


From the above discussion, we have the following observation. 
Observation 2: UEs performing UL data transmission in RRC_Inactive can operate in synchronous mode, if the UE does not move. It is FFS whether UL data transmission in RRC_inactive should be applied for moving UEs, in another study or work item. 
Furthermore, it is also not clear what is the main use case for asynchronous UL data transmission in Rel-16. For eMBB, the cell radius is relative small, such that TO may be well within the CP duration. For URLLC, it is essential to keep the UEs in RRC_CONNECTED mode, to help achieve higher reliability and low latency. For mMTC, since LPWA is not within the scope of Rel-16, the target asynchronous mMTC use case is also not clear. 
Observation 3: For use cases in NR Rel-16 eMBB, URLLC and mMTC, no motivation is observed to consider asynchronous UL data transmission.
Proposal 3: NR NoMA SI towards Rel-16 should focus on the synchronous UL data transmission where the residual timing offset is negligible
4 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]From the discussion, we have the following proposals for the GF procedure for NoMA study. 
Proposal 1: The MA signature allocation in addition to DMRS configuration shall be based on Rel-15 NR configured grant operation, i.e., through RRC configuration for Type-1 and L1 signaling for Type-2. 
Proposal 2: For NoMA evaluation with potential DMRS extension, the overhead should be aligned for the comparison of different NoMA schemes at a given number of UEs. 
Also, we have the following observations and proposals for the asynchronous transmission.
Observation 1: The existing TA maintenance procedure defined in R15 can effectively synchronize the UEs to have a negligible residual TO. 
Observation 2: UEs performing UL data transmission in RRC_Inactive can operate in synchronous mode, if the UE does not move. It is FFS whether UL data transmission in RRC_inactive should be applied for moving UEs, in another study or work item. 
Observation 3: For use cases in NR Rel-16 eMBB, URLLC and mMTC, no motivation is observed to consider asynchronous UL data transmission.
Proposal 3: NR NoMA SI towards Rel-16 should focus on the synchronous UL data transmission where the residual timing offset is negligible
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