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1. Introduction
In last meeting, a universal block diagram for NOMA has been proposed, however some companies have concerns that the block diagram may mislead the SID to consider the hybrid NOMA scheme. Therefore, limited progress has been made in NOMA transmitter design. In this contribution, we summarize some proposals, comments and evaluation results from companies. Categorization for fast capturing NOMA features of each scheme is updated. Viewpoint on DMRS design and NOMA transmitter consideration is proposed.

2. Discussion
2.1	Categorization of NOMA schemes
Table 1.  Categorization of NOMA schemes
	Processing Level
	Major Feature
	Scheme
	Brief descriptions

	Symbol level
	Low density signature
(sparse RE mapping)
	PDMA
	LDS

	
	
	SCMA
	Constellation code book + LDS

	
	
	IGMA
	Bit interleaving + LDS 

	
	
	LDS SVE
	Transform (repetition + spreading) + LDS

	
	Full-length spreading
	RSMA
	Repetition + scrambling

	
	
	RDMA
	Repetition + cyclic shift

	
	
	GOCA
	Repetition + (orthogonal/non-orthogonal) scrambling

	
	
	MUSA
	Spreading (QAM WB sequence)

	
	
	NCMA
	Spreading (minimum chordal distance)

	
	
	NOCA
	Spreading (LTE RS like sequence)

	
	
	WSMA
	Spreading (equiangular WBE sequence)

	Bit level 
	Low code rate coding
	LCRS
	Low code rate signature

	
	
	LSSA
	LCRS + bit spreading

	
	
	IDMA
	LCRS + (optional) repetition or LDS

	
	
	ACMA
	LCRS + (optional) bit spreading + scrambling



According to the simulation from Figure 13 in [1], there is a tradeoff between spreading sequence length and channel coding rate to fulfill a fixed size resource. Higher spreading factor acquires more gain in moderate and low loading, and lower code rate acquires more gain in high loading. Since many of simulations, i.e., in [2][3] show the similar performance among LDS, symbol based spreading, and LCRS schemes in small TBS or UE number, it is reasonable to make an assumption that LDS based schemes have similar performance tradeoff against LCRS. To optimize the system performance in either grant-based and grant-free scenarios, base station should able to choose proper scheme according to the current traffic loading, thus hybrid schemes comprising LCRS with symbol based full-length spreading or LDS based method.   
Proposal 1: Hybrid schemes should be evaluated in SLS
	Option 1: Low code rate coding + full-length spreading
	Option 2: Low code rate coding + LDS

2.2 Synchronous and asynchronous transmission
In previous research, asynchronous transmission is considered to support UE with sporadic data traffic model. A common understanding to realize asynchronous transmission refer to attach a preamble with the NOMA code word, which is similar to the 2-step RACH process in NR initial access study. Of course, the UE can also request TA information by regular RACH process as designed in legacy LTE. However the overhead and latency among these options should be further studied.
The asynchronous transmission also has impact on NOMA scheme selection. For example, the NOMA schemes with symbol based spreading rely on sequences achieving WBE or GWBE to guarantee low interference. This is on top the assumption that signals are well synchronous and spreading sequence are aligned with each other. Therefore, while using spreading sequence based NOMA schemes in asynchronous transmission, the performance may similar to LDS or scrambling based schemes.
Proposal 2: The performance of NOMA schemes in asynchronous transmission should be further evaluated.

2.3 Discussion on DMRS with or without spreading
A scenario was proposed in [4] that DMRS with or without spreading should be further studied. However, from the key processing modules at transmitter [1] summarized by ZTE, companies seem to have a common understanding that DMRS should not be spread along with data. In [5], Huawei discussed the orthogonal and non-orthogonal methods for DMRS extension, which mentioned that in NR Rel-15 non-orthogonal PN sequence can be generated with higher layer parameter UL-DMRS-Scrambling-ID, which extends DMRS up to 24 ports with same DMRS pattern. However the potential UE shared the same resource may exceed 24, a further extension of DMRS port is needed. Since the non-orthogonal concept has been adopt in NR Rel-15, further extension by NOMA spreading should be studied.

Observation 1: DMRS multiplexing with data
	Option 1: Only data adopts NOMA spreading signature.
Option 2: Data and DMRS adopt the same spreading signature. 
Option 3: Data and DMRS adopt distinct spreading signature.
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Figure 1. High level block diagram for DMRS further extension (Option 3) 

Option 1 is the case without spreading, it is identical to the case in OMA that data and DMRS occupy orthogonal resource and no interference between DMRS in the cell. The limitation of option 1 is that NOMA supports overloaded transmission; the number of DMRS should at least match the number of UE supported in the same resource, which increases the overhead size accordingly.
Option 2 and 3 are both DMRS with spreading scenario. The spreading here refers to the general case of symbol based spreading that includes LDS, long/short spreading sequence and repetition with scrambling. In option 2, transmitter aggregates DMRS and data first, and then applies spreading signature on it. The DMRS and UE data are both masked behind the spreading signature. The receiver has to de-spread the signature first, and then jointly detect the DMRS and UE data. Therefore, although option 2 can increase large amount of DMRS, the tradeoff are the increasing of receiver complexity and detection/estimation performance impairment.  
Option 3 is a compromised version of option 1 and option 2, an high level block diagram is shown in Figure 1. In LTE, orthogonal cover code is used to multiplex DMRS for multi-layer transmission. In NR Rel-15 PN sequences with higher cross correlation are introduced to extend the number of DMRS. In option 3, non-orthogonal NOMA spreading can be further applied to extend the number of DMRS to approach the number of potential UE. However, the balance between overhead size, number of DMRS, and DMRS collision probability should be further studied.
The options of DMRS multiplexing with UE data also affect the consideration of NOMA schemes. For example, NOMA schemes with LCRS as the major feature and without any symbol level spreading process cannot apply option 2. However, LCRS with option 1 can be regarded as a special case of hybrid scheme with option 2.

3. Conclusions
Proposal 1: Hybrid schemes should be evaluated in SLS
	Option 1: Low code rate coding + full-length spreading
	Option 2: Low code rate coding + LDS 
Proposal 2: The performance of NOMA schemes in asynchronous transmission should be further evaluated.
Observation 1: DMRS multiplexing with data
	Option 1: Only data adopts NOMA spreading signature.
Option 2: Data and DMRS adopt the same spreading signature.
Option 3: Data and DMRS adopt distinct spreading signature.
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