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1 Introduction

In RAN1#94bis, NOMA procedures were discussed with following agreements.
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.

Agreements:

· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 

· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).

· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.

· FFS signaling 

· FFS how to handle the collision of MA signature/resource

· FFS the mapping between RS and other MA signatures

In this contribution, we discuss NOMA procedures based on above agreements.
2 Discussion
In order to support the case when timing offset exceed NCP, a channel structure consisting of preamble and data was proposed [1] as shown in Figure 1. The transmission burst spans two consecutive slots corresponding to preamble and data respectively. The preamble pool size of 64 and 96 were considered. The CP length of the OFDM symbols of data part is the same as NR NCP, i.e. there are 14 symbols in the second slot for data transmission.
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Figure 1: Channel structure with preamble and data
It is obvious that the above channel structure requires a high overhead, i.e. 1/2. In addition, there is inter-symbol interference when the timing offset (TO) exceeds CP length.
In order to combat the large timing offset, an alternative approach is to extend the CP length. For simplicity, we assume LTE ECP numerology. With 15 kHz subcarrier spacing, there are 12 symbols in each millisecond. For fair comparison, we assume the same number of RS, i.e. 96. For the channel structure with extended CP, it is assumed that 24 orthogonal DMRS ports are supported by 2-symbol DMRS based on NR DMRS design with doubled OCC length. There are 8 symbols used for DMRS and 16 symbols for data transmission within a 2 ms TTI as shown in Figure 2.
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Figure 2: Channel structure with extended CP
The evaluation results between the two alternatives are shown in Figure 3 assuming TO=1.5NCP and fixed MA signature allocation (i.e. without RS or MA signature collision). It can be observed that PUSCH with extended CP can achieve better performance compared with the channel structure with preamble and data due to smaller overhead and less inter-symbol interference. Furthermore, the gain increases with the increase of number of UEs. In addition, PUSCH with ECP can support larger TO, e.g. ~3NCP without performance degradation while it is expected that the performance of channel structure with preamble and data will be further degraded with larger TO.
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Figure 3: preamble + data vs. PUSCH with ECP

Observation 1: For the case when timing offset exceed NCP, PUSCH with ECP can achieve better performance than channel structure consisting of preamble and data and the gain increases with the increase of number of UEs.
Proposal 1: PUSCH with ECP is considered for supporting the asynchronous transmission.
In NR Rel-15 UL configured grant transmission, UE is configured with a dedicated DMRS which is used for UE identification, i.e. there is no DMRS collision. There was proposal to allow potential DMRS collision, e.g. multiple UEs can be configured with the same DMRS or UE randomly selects the MA signature. The performance between random activation (without DMRS collision) vs. random selection (with potential DMRS collision) can be found in Figure 4 with the assumption of 24 potential UEs.
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Figure 4: performace of random activation and random selection
From the simulation results, significant performance loss is observed with random selection compared to random activation due to DMRS collision. The performance loss increases with the increase of TBS and/or the number of active UEs. BLER error floor is observed even with only 2 active UEs. Therefore, DMRS collision should be avoided.
Observation 2: DMRS collision leads to severe performance degradation. The performance loss increases with the increase of TBS and/or the number of active UEs.
Proposal 2: DMRS collision should be avoided.
Furthermore, it is proposed to follow Rel-15 NR configured grant procedure, i.e. UE is configured with one dedicated DMRS which is used for channel estimation and UE identification. For MA signature other than DMRS, at least configuration of one MA signature for single branch transmission or M MA signature for M-branch transmission should be supported. With one-to-one mapping between DMRS and MA signature(s), the complexity at the receiver side is reduced.
Proposal 3: MA signature configuration with one-to-one mapping between DMRS and MA signature(s) following Rel-15 NR configured grant procedure should be supported.

One-to-many mapping between DMRS and MA signature(s), i.e. UE is configured with multiple MA signature(s) can also be considered which can be used to implicitly indicate some information, e.g. MCS level, redundancy version etc. In this case, the receiver complexity is increased since for a certain DMRS, gNB has to try multiple hypotheses of the corresponding MA signature(s).
Proposal 4: One-to-many mapping between DMRS and MA signature(s) can be considered taking the complexity into account.
3 Conclusion
This contribution discussed NOMA procedures with following observations and proposals.
Observation 1: For the case when timing offset exceed NCP, PUSCH with ECP can achieve better performance than channel structure consisting of preamble and data and the gain increases with the increase of number of UEs.

Observation 2: DMRS collision leads to severe performance degradation. The performance loss increases with the increase of TBS and/or the number of active UEs.
Proposal 1: PUSCH with ECP is considered for supporting the asynchronous transmission.
Proposal 2: DMRS collision should be avoided.

Proposal 3: MA signature configuration with one-to-one mapping between DMRS and MA signature(s) following Rel-15 NR configured grant procedure should be supported.

Proposal 4: One-to-many mapping between DMRS and MA signature(s) can be considered taking the complexity into account.
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