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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#93, it was agreed that:
· 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.
[bookmark: _Ref129681832]In this contribution, we discuss our views on NOMA related procedures including UL transmission detection, resource allocation and collision mitigation, and link adaptation for UL transmission with configured grant (TWG).
UL transmission detection
For grant-based transmission, the gNB already knows which UEs transmit in allocated resources; however for UL transmission with configured grant, the gNB needs to identify which UE has performed transmission.  It has been agreed to use DMRS for UE activity detection in Rel-15 for transmission with configured grant (UL-TWG-type1 and UL-TWG-type2). To support higher overloading capability in NOMA, DMRS extension can be considered in this SI. Orthogonal and /or non-orthogonal approaches, with different pros and cons, are being discussed for DMRS extension in NOMA. We propose to use a two step UE identification procedure in NOMA with higher overloading ratio using one to many mapping between DMRS signatures and the UE IDs. It is proposed to use DM-RS to identify the potential UEs sharing the same DMRS sequence. This is followed by second step of UE identification wherein we mask the CRC of the data transmitted in PUSCH with the UE ID (for example C-RNTI). The gNB will perform CRC check using the UE IDs of all the UEs configured to share the same resource(s) until the CRC check is passed to identify the correct UE after which an ACK can be sent to the UE.
 Proposal 1: A two step UE identification procedure is proposed as follows:
· Use DMRS to short list the UEs sharing the same resources.
· Masking CRC of the data transmitted in PUSCH with the UE ID for UE identification.
Resource Allocation and Collision Mitigation
Multiple access (MA) resource pool in NOMA TWG consists of a physical resource pool and MA signature resource pool, where a MA signature includes Codebook/Codeword, Sequence, Interleaver and/or mapping pattern, Demodulation reference signal, Preamble, Spatial-dimension, Power-dimension, etc. These resources can either be selected randomly by the UE or be preconfigured by the gNB. Random resource selection by the UEs in NOMA TWG may cause collisions among UEs sharing the same resource pools and may deteriorate the system performance. 

Assuming physical resource unit is randomly selected from preconfigured physical resource pool and DMRS are preconfigured by gNB, when overloading factor increases, DMRS will be shared among UEs and DM-RS collision within the same t/f resource can occur particularly in UL-TWG-type1. Depending on MA signature allocation/selection method, different types of collision can happen as explained below.
Combined signature and DMRS pre-configuration:
In this scenario DMRS signatures are mapped to MA signatures. Let N be the number of DMRS signatures and M be the number of MA signatures. DMRS to MA signature mapping cases are as follows:
· Case 1: 1:1 DMRS to MA signature mapping if N >= M 
· Case 2: n:1 DMRS to MA signature mapping if N >= M
· Case 3: 1:m DMRS to MA signature mapping if N < M
In all these cases we assume number of users (K) sharing same t/f resources is greater than N that is probable for high overloading.
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[bookmark: _Ref516497320]Figure 1 gNB procedure for 1:1 mapping between DMRS and MA signature
Case 1:
Collision between UEs can cause detection failure or affect channel estimate (depending on the channel conditions of colliding UEs). Inaccurate channel estimate will result in decoding failure. However, if DMRS detection is somehow successful, data from a colliding UE may still be decodable if the estimated channel response is valid for this UE and degradation due to colliding UEs is negligible. Figure 1 shows the behavior that can be configured at gNB when there is 1:1 mapping between DMRS and MA signature. Since probability of collision increases with higher overloading, probability of decoding failure also increases. Therefore, it is proposed to send ACK to identified UE upon successful decoding of data and treat absence of ACK as implicit NACK (implying decoding/detection failure). The ACK can be indicated by sending a grant to the UE(s) with toggled NDI without allocating any t/f resources. If the CRC check is successful for any UE, as discussed earlier in UE detection, ACK is sent to the identified UE.
Proposal 2: Send ACK response to acknowledge successful data reception.
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Figure 2 Procedure at gNB for NOMA GF transmission with preconfigured DMRS and MA signatures

Case 2 & Case 3: 
Three different types of collision can happen in these cases; i) DMRS and MA signature collision, ii) MA signature collision, iii) DMRS collision
Discussion of case 1 applies to DMRS and MA signature collision.
For second type of collision, data is demodulated using estimated channel response of all colliding UEs. There is possibility of decoding failure and ACK (a grant without any scheduled resources) is only sent to the UEs whose data is successfully decoded. 
DMRS only collision will happen when two UEs with same DMRS but different MA signatures collide in the same t/f resource. If a preamble shared among multiple UEs is detected, gNB will short list all UEs preconfigured with this preamble. After channel estimation, gNB will attempt to demodulate and decode received data using all MA signatures mapped to the DMRS and perform CRC descrambling with corresponding UE IDs. Any successful CRC check(s) results in ACK transmission to the identified UE(s). 
Whatever mapping case is adopted, since DMRS and MA signatures configuration is under gNB control, gNB can identify the possible collision type upon preamble detection. Therefore, upon UL transmission reception, after DMRS detection, it can proceed according to the behavior outlined in Figure 2.
Random signature selection:
In this scenario, UEs randomly select MA signatures from preconfigured MA signature pool. This implies three different types of collision can happen as described earlier for case 2 & case 3 of pre-configured MA signatures. However, it must be noted that gNB does not have any mapping information between DMRS and MA signature. This implies that gNB will have to perform blind decoding for all MA signatures in the resource pool even if there is no DMRS sharing between UEs. This will result in increased decoding complexity and latency.
Observation 1: Absence of mapping information between DMRS and NOMA signature can increase decoding complexity and latency.
Deterministic signature selection:
With preconfigured allocation, gNB can minimize collision among UEs. Whereas, this is not possible with random signature selection. Another option that has been considered by companies for GF NOMA is deterministic signature selection by UE, according to e.g. time/frequency resources, DMRS signature etc. However, no design is disclosed yet and, therefore, it is not possible to identify if and what types of collision can occur using this approach.
Collision Mitigation:
Pre-configuration of MA resource by gNB can avoid collision among UEs but it cannot be avoided when overloading factor increases. Another way to avoid collision is to extend the resource pool size, however, it adversely affects spectral efficiency and may not be practical to support increased number of connections. Therefore, collision mitigation approaches need to be considered for communication scenarios with high overloading factor. 
Observation 2: Collision mitigation approaches need to be considered for NOMA UL-TWG.
Two different options can be considered for collision mitigation:
Option 1: Selecting different resource for each retransmission can help randomize interference. However, configuring different resource for each UE for each transmission can incur large overhead. On the other hand, random selection of resources by the UE will increase decoding complexity and latency at gNB due to blind detection.
Option 2: Selecting random back-off time for each transmission or retransmission can also help control collision between UEs. The back-off time must not exceed the latency requirements of the uplink transmission. Therefore, it may be preferred to define a maximum back-off time taking into account the service requirements.
Impact of different collision mitigation approaches on UL transmission procedure must be studied and it is preferred to adopt a unified resource allocation and collision mitigation solution for different communication scenarios e.g. eMBB, URLLC and mMTC.
Proposal 3: Adopt a unified resource allocation and collision mitigation solution for different communication scenarios e.g. eMBB, URLLC and mMTC.

Link Adaptation
Use of NOMA in NR is motivated by its ability to support increased spectral efficiency in addition to several other benefits as indicated in [2]. Therefore, efficient link adaptation (MCS/TBS selection) is beneficial for UL-TWG using NOMA. However, it is not possible to dynamically indicate MCS to the UE according to the channel conditions. Therefore, MCS can either be semi-statically configured to the UEs by gNB or can be selected by the UE from a set of MCS levels based on the available power, DL path loss and interference measurement etc. When the MCS is selected by the UE, there are three options for MCS indication to the gNB.
· Option 1: Implicit derivation of MCS/TBS according to the resources (e.g. time-frequency resource partition or MA signature) used for UL transmission. This approach requires broadcast or group common signaling of resource mapping to the MCS/TBS incurring downlink signaling overhead. Moreover, small amount of resources in each resource pool partition may inherently reduce statistical multiplexing gains. This option also offers less flexibility in resource selection according to channel conditions and the TBS for UL transmission also needs to be fixed size. Therefore, this option is more feasible for a much smaller subset of transmission parameters. 
· Option 2: Blind detection based MCS acquisition at the gNB helps avoid downlink signaling overhead incurred in option 1. The data of UL transmission need not be fixed size and a UE can flexibly select resources with good channel conditions from preconfigured pool. It also facilitates support of flexible set of transmission parameters, including different MCS, TBS values, and number of repetitions. However, blind detection at the gNB implies higher decoding complexity and latency.
· Option 3: Explicit indication of the MCS index to the gNB via control channel offers all the advantages of option 2 without significant increase in decoding complexity and latency. However, there is an increased UL signaling overhead due to control channel transmission. 
Observation 3: There are different options for UL transmission parameters indication to the gNB and tradeoff between signaling overhead, receiver complexity, decoding latency and link adaptation flexibility needs to be investigated to identify suitable option.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.
Proposal 1: A two step UE identification procedure is proposed as follows:
· Use DMRS to short list the UEs sharing the same resources.
· Masking CRC of the data transmitted in PUSCH with the UE ID for UE identification.
Proposal 2: Send ACK response to acknowledge successful data reception. 
Observation 1: Absence of mapping information between DMRS and NOMA signature can increase decoding complexity and latency.
Observation 2: Collision mitigation approaches need to be considered for NOMA UL-TWG.
Proposal 3: Adopt a unified resource allocation and collision mitigation solution for different communication scenarios e.g. eMBB, URLLC and mMTC.
Observation 3: There are different options for UL transmission parameters indication to the gNB and tradeoff between signaling overhead, receiver complexity, decoding latency and link adaptation flexibility needs to be investigated to identify suitable option.
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