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1 Introduction

At the RAN1#93 meeting, the following agreements were made with regard to NOMA related procedure [1]:

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.
In this contribution, we share our view on configured grant UL NOMA related procedure. In particular, we discuss key design aspects for configured grant UL NOMA transmission, including MA resource configuration and selection, UE identification, DMRS enhancement, HARQ operation enhancement, and support of asynchronous operation. 
2 MA resource configuration and selection
As agreed in the RAN1#93 meeting, UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study [1]. Further, different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered, with the motivation of supporting various applications and services with different requirements and KPI targets. 
One potential enhancement for configured grant uplink transmission can be MA resource configuration and selection. Typically, MA resource pool comprises of one or more MA resources, and thus, in the most general case, it is a combination of at least a MA physical resource pool and a MA signature pool. Here, a MA physical resource corresponds to at least the resources used for transmission of the data packet and the associated DM-RS. The resource pool can be configured to include multiple individual resources in both time and frequency, and can occur periodically or as a set of persistently occurring resources.
For configured grant UL NOMA, depending on applications or services, packet payload sizes from multiple UEs could be different. In order to allow efficient usage of the resource for different payload sizes and reduce gNB receiver complexity, e.g., without blind detection of potential MCS and TBS, or avoid drastic impact from near-far effects, multiple NOMA resources in time and frequency can be defined within one NOMA resource pool, where each NOMA resource may be tailored for one particular MCS or TBS. 

MA signature selection implies UE’s selection or determination of a particular MA signature from a pool of available signatures for a MA signature type (e.g., DM-RS sequence, preamble sequence, spreading code, interleaver-pattern, etc.). This can be realized by a random selection of MA signature from the MA signature pools or can be defined as a function of one or more of: the time/frequency physical resource index, UE identity (where the complete UE identity is conveyed as part of the encoded data packet), preamble or DM-RS sequence index (if only a part of the MA signature is conveyed by the preamble or DM-RS sequence), cell ID, etc. 

Proposal 1:

· Multiple physical resources in time and frequency for configured grant UL NOMA can be configured for support of various MCS and TBS. 

· MA signature can be randomly selected or conveyed by one or a combination of different signals and transmission components/parameters that can help the gNB to distinguish UEs. 

3 UE identification

For UL transmissions based on configured grant NOMA schemes, gNB may not have a priori knowledge about the identity of the transmitting UE(s). Moreover, the gNB may also not be aware of the number of UEs transmitting on a certain physical resource, and would need to be able to detect the presence of transmissions from multiple UEs.

Hence, the design of the UE-identification mechanism should be able to provide the appropriate means for the gNB receiver to detect, decode, and identify multiple UEs. The problem of UE-identification can be partitioned into two parts:

1. Identity for physical layer processing: UE-identification to enable successful demodulation and decoding of the transmitted packets. More specifically, this level of UE identification can be interpreted as the identity of the UE from the perspective of knowledge of the physical layer parameters used for distinguishing different users being transmitted on the same physical resources. It can be simply interpreted as the MA signature identification.
2. Complete UE identity: The full UE-identification can be carried as part of the encoded data packet. 

Motivated by the above partitioning approach, the indication of the UE-identity can be provided following a hierarchical mechanism such that the different levels of a UE’s identity are revealed to the gNB. In particular, DM-RS sequence can be derived as a function of the UE-ID, and in turn the choice of the DM-RS sequence bears a one-to-one or many-to-one mapping to the space of short UE-specific signatures used for sequence-based spreading of the data. Additionally, the complete UE-ID is carried as part of the encoded data packet or its header. Thus, once the gNB detects the correct DM-RS sequence, it can determine the signature sequence used by this UE for the spreading of the data using short codes. This provides the gNB receiver with all necessary information to demodulate and decode the packet.

Proposal 2:
· Appropriate UE identification mechanisms should be considered for configured grant UL NOMA. 

4 DMRS enhancement
To decode the packet from multiple UEs, gNB may utilize the DM-RS for the detection of whether the uplink data packet is present in a common physical resource. Subsequently the gNB uses DM-RS to perform the appropriate channel estimation and timing/frequency offset compensation. This indicates overall demodulation and decoding performance heavily relies on reliable channel estimation, especially in the presence of non-orthogonal transmissions from multiple UEs.  
Note that DMRS structure as defined for NR PUSCH can be a starting point for UL NOMA transmission. However, certain enhancements may need to be considered to provide large code space for support of massive number of UEs. If following random selection procedure, i.e., UE randomly selects the DM-RS AP for UL NOMA transmission, the chance that two UEs choose the same DMRS AP is high when the number of orthogonal DMRS APs is small. This may lead to channel estimation performance degradation, and thus overall decoding performance loss when multiple users transmit the uplink data packet in the same physical resource. To overcome this issue and reduce potential DMRS collision, it may be more desirable to increase the number of orthogonal DMRS APs for UL NOMA transmission. 
As defined in NR, the maximum number of orthogonal DMRS APs for PUSCH is 12 when 2-symbol front-loaded DMRS is employed. One example to increase the number of orthogonal DMRS APs for UL NOMA is that a length-4 OCC or comb-4 structure is utilized to multiplex different DMRS APs in frequency domain. In this regards, the maximum number of orthogonal DMRS APs can be increased to 24, which may help in reducing DMRS collision between UEs. Introduction of pseudo-orthogonal DMRS may be another example for increasing the number of DMRS APs but DMRS interference needs to be carefully suppressed in the receiver side as discussed in our companion contribution [3]. 
Proposal 3
· DMRS enhancement can be considered for UL NOMA to support massive number of devices and reliable channel estimation performance. 

5 HARQ operation enhancement 
For UL transmission without dynamic grant, a timer based approach was adopted for ACK response in Rel-15 NR. In particular, UE starts the timer after transmission, and if the timer is expired, UE assumes ACK for the associated HARQ ID. In addition, UE may assume an ACK response when gNB schedules a new transmission with same HARQ ID and toggled NDI value. 
The implicit ACK response as agreed in NR is more desirable in term of simplifying UE implementation and reducing the latency. However, certain further enhancements may be needed towards targeting different applications and use cases, especially when considering the support of mMTC. In case when large number of mMTC devices attempt to transmit the packets simultaneously, it is likely that gNB would miss detect some of the packets. In this regard, an explicit ACK response may help to ensure alignment between gNB and UE on whether the transmitted packet is successfully decoded. 
More specifically, after UE transmits the uplink data packet using NOMA, it may expect ACK response from gNB within an ACK response window. Further, ACK response can be transmitted in an UE specific or group specific manner. In the latter case, gNB may feedback ACK response for multiple UEs who transmit the uplink data in the same physical resources, which may help reduce signalling overhead and improve spectrum efficiency. Similar to RAR, CRC for DL control over a common search space can be scrambled by a new RNTI which is defined as a function of time/frequency index of an MA physical resource. Figure 1 illustrates such a generic form of configured grant uplink transmission and retransmission procedure.
[image: image1.png]ACK response window
« >

gNB >
CK/NACK

UE >
Grant free Random backoff
UL transmission if NACK or no ACK received





Figure 1. Configured grant uplink transmission and retransmission
Proposal 4
· Retransmissions of configured grant UL transmissions are based on an ACK response mechanism.

6 Support of asynchronous operation
As agreed in the RAN1#93 meeting, synchronous UL data transmission should be the starting point for UL NOMA. In addition, asynchronous transmission can be considered [1]. For asynchronous scenario, UL NOMA signal may not be transmitted with the application of an active TA, but it can be assumed that UEs acquire DL synchronization and transmit UL packets based on the DL reference time. Depending on deployment scenario and UE locations in the network, timing arrival difference among UEs at the gNB receiver can be different. It is more appropriate to define and model timing offsets for transmissions from a UE to its serving cell to analyze the impact on link level performance. 
As discussed in [2], based on the statistics obtained from system-level simulations, timing offsets between different UEs’ signals at the gNB receiver can be modelled by considering random timing offsets for each UE to gNB link, wherein the timing offset follows a Rayleigh distribution with certain variance corresponding to the assumption of the deployment scenario (i.e., Rural or Dense Urban).
Proposal 5
· For UL NOMA grant-free transmissions without UL synchronization, the timing offsets between different UEs can be modeled by considering random timing offsets for each UE to eNodeB link, wherein the timing offset follows a Rayleigh distribution with variance corresponding to the assumption of the target coverage level in the cell and the deployment scenario (i.e., Rural or Dense Urban).
Further, for asynchronous scenario where timing offset is larger than CP, a preamble based NOMA transmission scheme can be considered to allow gNB to estimate the TA and decode the data packet as shown in Figure 2. This corresponds to 2-step RACH procedure where data packet is transmitted together with PRACH preamble. 
Note that the preamble based NOMA transmission scheme may be more appropriate on the transmission of small packet size. Further, it can support a hierarchical hand-shake based mechanism where the gNB gets an opportunity to provide feedback in response to the preamble transmission. Such a mechanism can provide more robust gNB reception and HARQ support as the gNB would be made aware of the UE identity necessary for data packet demodulation before the data is actually transmitted. However, one challenge towards supporting a large number of simultaneous connections is that the sequence space for preambles needs to be sufficiently large and at the same time, it would not cause significant system overhead or over-burden the gNB receiver. Additionally, these preamble candidates should demonstrate good cross-correlation properties to minimize false alarm events.
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Figure 2. Preamble based NOMA transmission scheme

Proposal 6
· A preamble based NOMA transmission scheme can be considered for grant-free UL NOMA transmissions without UL synchronization.
7 Conclusions

In this contribution, we provided our views on the configured grant UL NOMA related procedure. In particular, we discussed key design aspects for configured grant UL NOMA transmission, including MA resource configuration and selection, UE identification, DMRS enhancement, HARQ operation enhancement, and support of asynchronous operation. Based on the discussions presented, we summarize our views through the following proposals:
Proposal 1:

· Multiple physical resources in time and frequency for configured grant UL NOMA can be configured for support of various MCS and TBS. 

· MA signature can be randomly selected or conveyed by one or a combination of different signals and transmission components/parameters that can help the gNB to distinguish UEs. 

Proposal 2:
· Appropriate UE identification mechanisms should be considered for configured grant UL NOMA. 

Proposal 3

· DMRS enhancement can be considered for UL NOMA to support massive number of devices and reliable channel estimation performance. 

Proposal 4
· Retransmissions of configured grant UL transmissions are based on an ACK response mechanism.

Proposal 5
· For UL NOMA grant-free transmissions without UL synchronization, the timing offsets between different UEs can be modeled by considering random timing offsets for each UE to eNodeB link, wherein the timing offset follows a Rayleigh distribution with variance corresponding to the assumption of the target coverage level in the cell and the deployment scenario (i.e., Rural or Dense Urban).
Proposal 6
· A preamble based NOMA transmission scheme can be considered for grant-free UL NOMA transmissions without UL synchronization.
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