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Introduction
In RAN1#94 meeting, the following agreements were achieved:
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
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:
· For random MA signature (including RS) in LLS, companies report the details of the chosen Option(s):
· Opt 1: Fixed number of UEs, with each UE randomly selects a MA signature from a pre-configured MA signature pool
· Number of potential UEs and the pool size should be reported
· Opt 2: Fixed number of randomly activated UEs, with each potential UE’s MA signature pre-configured.
· Number of potential UEs and the pool size should be reported
· Realistic UE/MA signature detection should be performed.
· DMRS extension, if any
· FFS whether to align the pool size for performance evaluations.
In this contribution, channel structure design, which is mainly considered for the asynchronous transmission with TO exceeding the NCP, is introduced. Meanwhile, views on the potential enhancements for supporting NOMA transmission, e.g., DM-RS, are also described. 
Discussion on the potential enhancement
In the SID [2], the objectives of the procedures related to NOMA explicitly include the following,
· 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
Additionally, compared with existing Rel-15 NR, detailed differences in, e.g., RS, HARQ, are identified between in inactive state transmission and configured grant based transmission [1]. In the following subsections, details of the designs are elaborated. Prioritization of some issues is also discussed.
Channel structure for asynchronous transmission
NOMA, by its nature, is suitable for contention-based data transmissions, especially for data transmission in RRC_Inactive state with the resources randomly selected from the predefined pools. Such use case is attractive since the procedures can be simplified, thus reducing the signaling overhead and power consumption. Potentially a large number of connections can be supported. As mentioned above, the asynchronous transmission with different TOs has been included in the agreed simulation assumptions. Asynchronous operation may occur in RRC-connected or inactive/idle mode. Especially, for the UEs without priori-information or without timing advance update, the corresponding UL transmission can exceed NCP. Moreover, in such case, the UE context or pre-configured MA signature may be expired or not assigned to UE and it is likely that each UE would randomly select its MA signature, causing potential collisions.
Based on consideration above, a channel structure is proposed as shown in Figure 1. It can be observed that the transmission burst spans two consecutive slots, corresponding to preamble and data transmission, respectively, with a gap in between to alleviate the potential contamination to the data part by preamble transmitted from other UEs. The preamble design in Rel-15 NR can be the starting point and further enhancements may be considered if there is a need, e.g., enlarging the pool size of preamble to supporting more UEs.
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[bookmark: _Ref525753203]Figure 1 Illustration of channel structure for asynchronous with TO exceeding CP
The corresponding evaluation results is shown in Figure 2 where the pool size of spreading sequences is 64 or 96 and each sequence is one-to-one mapped with a preamble sequence and “fixed” means pre-allocated without collision and “random” is with collision.. Two windows ([0, NCP] and [0.5*NCP, 1.5*NCP]) are assumed for the preamble detection at receiver side, and MMSE-SIC receiver is used for the decoding of UEs in each of the window. It can be found that performance loss due to random collision of MA signature including RS is acceptable when the overloading factor is not very high. For more UEs, larger pool size can be needed to alleviate the collision issue.
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[bookmark: _Ref525754073]Figure 2 Simulation results for asynchronous transmission with TO uniformly distributed over [0, 1.5*NCP]
Observation 1: Asynchronous data transmission with TO exceeding the NCP can be supported via the (preamble + data) channel structure.
Proposal 1: (Preamble + data) channel structure for supporting asynchronous transmission should be considered.
Enhancement on DM-RS
According to the agreement listed above, random selection and random activation will be considered for the NOMA transmission with/without dedicated MA signature configuration (including DM-RS). For both cases, the potential RS collision can be observed when the number of transmitting UEs is larger than the maximal number of DMRS ports. For example, in case of mMTC, according to our analysis via SLS [2], the number of UEs simultaneously in transmission can be up to 25 that apparently exceeds the capacity of Rel-15 DM-RS. For the case of random selection of MA signatures, even with 9 UEs, the probability of at least two UE’s DM-RS colliding with each other would be 98.45%. Increasing the pool size for RS is required to alleviate this problem.
Observation 2: Enhancement on the DM-RS should be considered for alleviating the collision of RS allocation/selection in both configured-grant and purely grant free transmission.
Since enlarging the pool size by directly assigning more resource for RS is inefficient, normally two options can be considered based on the structure of existing DM-RS in Rel-15:
· Option 1: Decreasing the frequency density for each port;
· Option 2: Using quasi-orthogonal sequence, e.g., different ID for sequence initialization
However, according to our analysis [3], both of these two options lead to noticeable performance degradation since the accuracy of channel estimation would deteriorate due to the limited frequency resource per port and interference among sequence.  
To solve the issues listed above, another way to enhance the RS can be considered as shown in Figure 3, in which, the different numerology is considered for RS and associated data, e.g., 7.5 kHz for RS and 15 kHz for data. According to this assumption, long ZC sequence can be adopted with more CS, which can be used to support more UEs. Meanwhile, ZC with different roots can also be considered for further enlarging the pool size with good cross correlation properties, e.g., totally up to 72 ports can be supported with 3 roots and 24 CS per sequence. 
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[bookmark: _Ref521577501]Figure 3 Illustrated of enhanced DM-RS design
Proposal 2: Enhancement on the DM-RS with different numerology should be considered to achieving the large pool size.
Others
In the existing specification, the closed-loop link adaption is introduced to the overcome the dynamical changes of channel condition via indicating different MCS for transmission or value for UL power control. For the grant-free based on transmission, the benefits of introducing such kind of scheme is unclear. For example, in case of configured-grant, all parameter for UL transmission are configured via RRC signaling with relative large latency. Transmission adjustment for handling the small scale channel variation is not suitable in this mechanism. Configuration optimization can be conducted based on UL link transmission with long term channel average via implementation. In addition, for transmission in RRC-inactive state, introducing the closed-loop link adaption is not aligned with the motivation for on-demand transmission with less signaling exchanges. Fixed transmission with relative lower code rate is enough to cover the application for eMBB small data and mMTC. 
Observation 3: The necessity of the enhancement on link adaption for NOMA based UL transmission needs to be justified.
[bookmark: _GoBack]W.r.t the switching between transmission scheme, e.g., NOMA and OMA, in case of configured grant transmission in existing spec, the scheme adaption is already supported by the RRC configuration with/without corresponding parameters. For the UE in RRC-inactive, the data transmission with small payload via NOMA can be well supported with further introduction of HARQ procedure as mentioned above. In the corner case with high probability of UE collision, although the switching of transmission scheme from NOMA to OMA may reduce the number UE with collided MA in UL transmission, but minor gain can be expected to ensure the reliability for all UEs since even for OMA transmission, contention based connected via 4-step RACH should be also conducted first to achieving the transfer of RRC state from inactive/idle to RRC connected.
Observation 4: Minor gain from network perspective can be expected with introducing the mechanism to enable the switching between NOMA and OMA.
Proposal 3:  The study on the link adaption and transmission scheme switching should be down-prioritized in NOMA SI.
Conclusions
In this contribution, procedures related to NOMA are discussed with following observations and proposals:
Observation 1: Asynchronous data transmission with TO exceeding the NCP can be supported via the (preamble + data) channel structure.
Observation 2: Enhancement on the DM-RS should be considered for alleviating the collision of RS allocation/selection in both configured-grant and purely grant free transmission.
Observation 3: The necessity of the enhancement on link adaption for NOMA based UL transmission needs to be justified.
Observation 4: Minor gain from network perspective can be expected with introducing the mechanism to enable the switching between NOMA and OMA.
Proposal 1: (Preamble + data) channel structure for supporting asynchronous transmission should be considered.
Proposal 2: Enhancement on the DM-RS with different numerology should be considered to achieving the large pool size.
Proposal 3:  The study on the link adaption and transmission scheme switching should be down-prioritized in NOMA SI.
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