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1 Introduction
The study item of non-orthogonal multiple access (NOMA) [1] concluded in RAN1-95. Both link level and system level evaluations have been conducted for NOMA in this SI, for different transmission schemes and receiver types and under realistic modelling of transceiver impairments [2]. The benefits of NOMA have been demonstrated in the performance evaluations for eMBB, mMTC and URLLC, particularly when enabling grant-free (GF) transmission and DMRS extension in both RRC_CONNECTED and RRC_INACTIVE states. By saving the signalling overhead with grant-based transmission, GF NOMA can reduce the power consumption and latency in both control plane and user plane, and significantly enhance the system capacity of NR.

On  a related matter, the way forward in RAN#81 says “A common 2-step RACH design for various use cases is desirable” and “2-step RACH can be included in a later Rel-16 WI, per normal approval process” [3]. In NOMA SI, channel structures for asynchronous and contention-based transmission have been studied [8-12], indicating NOMA enhancement for 2-step RACH is able to provide a common design for both licensed and unlicensed spectrum in cellular and satellite systems.

In this contribution, we provide our views on the WI for NOMA based on observations for  TR 38.812.
2 Observations on TR 38.812
2.1 Performance Gain of Grant Free NOMA
In NOMA SI, the system level performance has been evaluated according to the agreed SLS assumptions in Table A.3-1 of TR 38.812 for the agreed metrics in Section 9.1 of TR 38.912 [2]. Based on the different transmitter and receiver solutions and link-to-system mapping methods, the SLS results for mMTC, URLLC and eMBB scenarios are captured in Table 9.2-1, 9.2-2 and 9.2-3, respectively. 
A summary of the performance gain for configured grant NOMA is shown below in Table 1. 
Table 1: Summary of SLS Results for NOMA [Section 9.2 of TR 38.912]
	Source
	Performance Gain Percentage for Simulated Scenarios

	
	mMTC
	eMBB
	URLLC

	1
	100% for MMSE-IRC;
71% ~150% for MMSE-hard PIC
	150%~275% for MMSE-IRC
66.7%~150% for MMSE-hard PIC
	140%~300%


	2
	
	19.1% for MUSA
42.9% for PDMA
	42.1% for MUSA
55.3% for PDMA

	3
	87.5%
	91.1%
	

	4
	54 % on PAR
	
50%, 25% and 5% gain for 5, 50 and 95 percentile of UPT, respectively; 9.1% on PAR.

	

	5
	No gain
	No gain
	No gain

	6
	
	20%
	

	7
	100% for low PAR
	
	

	8
	46%
	
	




Based on the SLS results shown in Section 9.2 of TR 38.912, we have the following observation:
Observation 1:  In NOMA SI, system level evaluations have been conducted for eMBB, mMTC and URLLC use cases according to the agreed SLS assumptions, for configured grant transmission without DMRS collision. Based on the SLS results submitted by majority companies, grant free NOMA transmission shows significant gain over Rel-15 baseline.
2.2 NOMA Enhancement for 2-Step RACH
In RAN#81, the way forward proposal on 2-step RACH stated “A common 2-step RACH design for various use cases is desirable” and “2-step RACH can be included in a later Rel-16 WI, per normal approval process” [3]. General higher layer aspect of 2-step RACH has been studied in NR-U SI, which concluded that as a baseline, all higher layer triggers for 4-step RACH are also applicable to 2-step RACH. Moreover, data transmission in RRC_INACTIVE state is also studied in NR SID and was once part of NR Rel-15 WID.
According to the objectives of NOMA SID [1] and the RAN1 agreements [2, 4-7], channel structures for asynchronous and contention-based transmission have been studied and evaluated in NOMA SI [2, 8-12]. As shown by the LLS results in TR 38.812, NOMA enhancement for contention-based asynchronous transmission is able to provide a common design for contention based 2-step RACH, which can be applied to both licensed and unlicensed spectrum in cellular and satellite systems.
Therefore, we have the following observation and proposal based on this and Observation 1:
[bookmark: _Hlk531440075]Observation 2:  In NOMA SI, NOMA enhancement for contention-based asynchronous transmission has been studied and the evaluation results are captured in TR 38.812, which indicates 2-step RACH can be supported by NOMA transceiver and a common design can be applied to both licensed and unlicensed spectrum of NR.
Proposal 1:  WI for NOMA should be supported in RAN1 and RAN2, focusing on PHY/MAC design for contention-based configured grant transmission and 2-step RACH in RRC_INACTIVE state.
2.3 DMRS Enhancement for NOMA
To support UE overloading in NOMA, the required number of orthogonal or quasi-orthogonal DMRS sequences will exceed the capacity supported by NR Rel-15. Therefore, it is necessary to enhance the DMRS design of NR Rel-15 to support more NOMA UE in grant free transmissions.
In NOMA SI, DMRS enhancement has been studied and evaluated at link level for different UE overloading conditions. In TR 38.812 [2], the LLS results for 16 and 24 DMRS ports have been captured in Section 8.2, whose designs are described in A.4.13. 
Based on the BLER performance for realistic channel estimations with DMRS extension [2], it indicates UE overloading can be supported in NOMA with DMRS enhancement. Therefore, we propose the following:
Proposal 2:  DMRS enhancement should be specified in NOMA WI, to support UE overloading and reduce the collision probability of grant free transmissions.
2.4 Recommendation for NOMA Transmitter 
In NOMA SI, different transmitter side processing schemes have been proposed, as summarized in Chapter 5 of TR 38.812 [2]. In RAN1-92 [4], it was agreed that the performance and implementation related metrics for NOMA include the following:
· BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}
· Sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
· MCL
· PAPR/cubic metric
· RX complexity and processing latency
· FFS: configuration/scheduling flexibility

Based on the link and system level performance evaluation results in Chapter 8 and Chapter 9 of TR 38.812 [2], the majority of companies have shown that symbol level linear spreading with Rel-15 modulation can achieve performance gains for NOMA. In addition, we have the following observations:
Observation 3: Linear Symbol-level Spreading for Enhanced Grant-free Transmission and Robust Performance of 2-step RACH
· By re-using NR Rel-15 modulation and low rate channel coding, NOMA transmitter based on symbol level linear spreading without sparsity and symbol-level scrambling can achieve robust performance for contention-based configured grant transmission and asynchronous transmission such as 2-step RACH.
[bookmark: _Hlk531440099]Observation 4: Unified Low PAPR Solution for DFT-s-OFDM and CP-OFDM Waveform
· By re-using NR Rel-15 linear modulation and low rate channel coding, NOMA transmitter based on symbol level linear spreading without sparsity and symbol-level scrambling can provide a unified, low PAPR solution to DFT-s-OFDM and CP-OFDM waveform. The use of configurable spreading factor can be combined with multi-branch transmission to facilitate link adaption and capacity enhancement.
Observation 5:  Common Core Hardware for NOMA and MU-MIMO Receivers
· For NOMA transmitter based on symbol level linear spreading without sparsity, the receiver may employ LMMSE IC as the advanced receiver for different spreading factors (e.g. SF=1 and SF >1). Moreover, the core hardware of LMMSE IC receivers can be re-used by NR Rel-15 MU-MIMO.
Observation 6:  Simple and Complete Design for DMRS Enhancement
· For NOMA transmitter based on symbol level linear spreading without sparsity, DMRS enhancement can be simple and completely support both DFT-s-OFDM and CP-OFDM waveform, by extending the type 1 and type 2 DMRS design of Rel-15 with more OFDM symbols/OCC/cyclic shift/comb. There is no need to consider the sparsity-based RE mapping pattern for DMRS signal.
To summarize, we have the following recommendation for NOMA transmitter side processing:
[bookmark: _Hlk531440183]Proposal 3:  A NOMA data transmission scheme based on Rel-15 modulation, low rate LDPC channel coding, and configurable spreading factor should be specified for NOMA WI. 
· For low spectral efficiency (SE), Rel-15 transmit chain can be re-used (SF=1).
· For medium to high SE and with medium to high UE overloading, UE-specific symbol level spreading (SF>1) without sparsity and with cell or UE group specific symbol level scrambling should be used, together with Rel-15 modulation and multi-branch transmission.

The recommended NOMA transmit side processing is shown in Figure 1, which provides the best trade off in performance, complexity and specification impacts. It is suitable for a unified low PAPR solution for both DFT-s-OFDM and CP-OFDM waveform, in both synchronous and asynchronous transmissions. Moreover, the use of configurable spreading factor can be employed to provide more flexibility in link adaptation and capacity enhancement.  
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Figure 2: Transmitter Side Processing Recommended for NR NOMA

To illustrate the performance enhancement facilitated by configurable spreading factor, Figure 2 gives an example for TBS 40 bytes and different number of UEs (LLS Case 3, Section 8.2, TR 38.812 [2]). In addition, the LLS results in Section 8.2 of TR 38.812 also illustrates the benefits of configurable spreading factor in combination with multi-branch transmission for medium to high SE and large number of UE overloading [2]. 
[image: ]
Figure 2: Configurable Spreading Factor for Linear Spreading Schemes without Sparsity (Case 3 of LLS evaluation, Section 8.2, TR 38.812)
2.5 Observations on Symbol Level Spreading with Sparsity
Based on the agreed performance/implementation metrics, as well as the LLS/SLS evaluation results, we have the following observations for NOMA transmitter side processing using symbol level spreading with sparsity:
Observation 7:  For asynchronous transmission with or without MA signature collisions (timing offset up to 1.5 CP, unequal SNR distribution and realistic channel estimation (Section 8.2.1, case by case observation # 29 and# 30 of TR), symbol level linear spreading without sparsity (e.g. RSMA, MUSA) exhibits better performance than symbol-level spreading with sparsity (e.g. SCMA, PDMA).
[bookmark: _Hlk531436189]Observation 8:  The spreading codes of PDMA codebook (A.4.7, TR 38.812 [2]) and SCMA RE mapping functions (Tables A.4.9-1 to A.4.9-4, TR 38.812 [2]) have mixed sparsity levels. When applied to DFT-s-OFDM waveform, the spreading codes without sparsity show better PAPR performance than the ones with sparsity, as shown in [13] and Figure 3. 
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Figure 3: PAPR Performance Analysis of Linear Spreading Codes with Sparsity [2, 13]

Observation 9: Due to the sparsity pattern in RE mapping and mixed sparsity levels for single and multi-branch transmissions, the DMRS enhancement is complicated to achieve both low PAPR and reliable channel estimation for symbol level spreading with sparsity. 
Observation 10:  Advanced receivers tailored for symbol level spreading with sparsity (e.g., EPA, MPA) involves more complexity but has less commonality with core hardware of uplink receivers for Rel-15 MU-MIMO. Advanced receivers which support non-sparse symbol level spreading have good commonality with Rel-15 MU-MIMO.
Therefore, we conclude that the NOMA transmitter based on symbol level spreading with sparsity is not an essential option and should not be considered in the scope of WI.
3 Objectives of WI
As justified by the draft WID of NOMA [14], the WI aims to specify non-orthogonal multiple access (NOMA) schemes and related procedures in transmitter side in uplink and 2-step RACH feature to enable data and/or message transmission in both RRC_CONNECTED and RRC_INACTIVE states. 2-step RACH will also be applied in RRC_IDLE state. The work on 2-step RACH will cover both licensed and unlicensed spectrum. Contention based RACH and contention-free RACH procedures are supported for 2-step RACH.

We generally agree with these proposals and find that the goals can provide system benefit to existing Rel-15, however the scope should be suitability to the essential feature set which can provide these gains. Therefore, we propose the following change to this draft WID of NOMA [14] below.

I. Transmitter side processing [RAN1]
· UE specific bit level interleaving for SF>1
· Reuse the bit level interleaving specified for PUSCH in NR Rel-15 
· Configurable spreading factor (SF)
· SF=1: Re-use Rel-15 UL TX chain
· SF>1: Symbol level linear spreading without zero elements in spreading sequences (no sparsity), with spreading length up to 4 and symbol level scrambling
· Single/multi-branch transmission of single-code word with de-multiplexing after bit level interleaving
·  Same Rel-15 modulation scheme is adopted for all branches
·  Design of weights of each branch e.g. power assignment 
· Extension of DMRS capacity e.g. up to 24 DMRS ports within one slot (RAN1)
· Legacy DMRS position within slot is starting point

II. NOMA related procedures [RAN1, RAN2]
· Dedicated Signaling procedure to allocate MA signature(s) and DMRS for configured grant (both type1 and type2) (RAN1, RAN2) 
· Grant-free transmission in RRC_INACTIVE (Note1): (RAN1)
Note1: channel structure and resource configuration for MSG A of 2 step RACH could be reused for grant-free transmission

III. Two-step RACH (msgA + msgB) [RAN1, RAN2]
· Support for both contention-free and contention-based RACH procedure
· Design of msgA contents and the channel structure (RAN1 and RAN2):  
· Signal to detect the UE and estimate UL timing (i.e. preamble), channel structure for the preamble + payload transmission (RAN1)
· R15 NR preamble format will be the starting point
· Payload in msgA: 
· Determine the payload size of msgA (RAN1)
· Transmitter side processing in bullet 1 will be reused for payload part (RAN1)
· Contents of payload (RAN2)
· Signaling to configure preamble and radio resources for payload part including association between preamble and MA signatures (RAN1/RAN2)
· Design of msgB:
· To include the equivalent contents of msg2+msg4 of 4-step RACH (RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RA-RNTI for 2-step RACH (RAN2)
· Design of fall back procedures to 4-step RACH (RAN2)
· 2-Step RACH enhancements for NR-U
· Modifications, if necessary, for 2-step RACH procedure considering LBT outcome. (RAN1)
· RAR window extension for NR-U (RAN2)

IV. Small Data and/or Message transmission from RRC_INACTIVE [RAN2, RAN3]
· Based on grant-free transmission and 2-step RACH
· Security aspects of small data transmission (RAN2):
· Data routing in the network (RAN2, RAN3)
· Including the case where UE context is kept at the last serving gNB

[bookmark: _Hlk531611310]Proposal 4: The NOMA transmission scheme consisting of linear spreading without zero elements in spreading sequences (no sparsity) is sufficient to provide system benefit for contention based configured grant transmission and 2-step RACH transmission in RRC_INACTIVE.
4 Conclusions
To conclude, we have the following observations on TR 38.812, and recommendation for transmitter side processing and the scope of NOMA WI:
Observation 1:  In NOMA SI, system level evaluations have been conducted for eMBB, mMTC and URLLC use cases according to the agreed SLS assumptions, for configured grant transmission without DMRS collision. Based on the SLS results submitted by majority companies, grant free NOMA transmission shows significant gain over Rel-15 baseline.

Observation 2:  In NOMA SI, NOMA enhancement for contention-based asynchronous transmission has been studied and the evaluation results are captured in TR 38.812, which indicates 2-step RACH can be supported by NOMA transceiver and a common design can be applied to both licensed and unlicensed spectrum of NR.

Observation 3: Linear Symbol-level Spreading for Enhanced Grant-free Transmission and Robust Performance of 2-step RACH
· By re-using NR Rel-15 modulation and low rate channel coding, NOMA transmitter based on symbol level linear spreading without sparsity and symbol-level scrambling can achieve robust performance for contention-based configured grant transmission and asynchronous transmission such as 2-step RACH.
Observation 4: Unified Low PAPR Solution for DFT-s-OFDM and CP-OFDM Waveform
· By re-using NR Rel-15 linear modulation and low rate channel coding, NOMA transmitter based on symbol level linear spreading without sparsity and symbol-level scrambling can provide a unified, low PAPR solution to DFT-s-OFDM and CP-OFDM waveform. The use of configurable spreading factor can be combined with multi-branch transmission to facilitate link adaption and capacity enhancement.
Observation 5:  Common Core Hardware for NOMA and MU-MIMO Receivers
· For NOMA transmitter based on symbol level linear spreading without sparsity, the receiver may employ LMMSE IC as the advanced receiver for different spreading factors (e.g. SF=1 and SF >1). Moreover, the core hardware of LMMSE IC receivers can be re-used by NR Rel-15 MU-MIMO.
Observation 6:  Simple and Complete Design for DMRS Enhancement
· For NOMA transmitter based on symbol level linear spreading without sparsity, DMRS enhancement can be simple and completely support both DFT-s-OFDM and CP-OFDM waveform, by extending the type 1 and type 2 DMRS design of Rel-15 with more OFDM symbols/OCC/cyclic shift/comb. There is no need to consider the sparsity-based RE mapping pattern for DMRS signal.

Observation 7:  For asynchronous transmission with or without MA signature collisions (timing offset up to 1.5 CP, unequal SNR distribution and realistic channel estimation (Section 8.2.1, case by case observation # 29 and# 30 of TR), symbol level linear spreading without sparsity (e.g. RSMA, MUSA) exhibits better performance than symbol-level spreading with sparsity (e.g. SCMA, PDMA).
Observation 8:  The spreading codes of PDMA codebook (A.4.7, TR 38.812 [2]) and SCMA RE mapping functions (Tables A.4.9-1 to A.4.9-4, TR 38.812 [2]) have mixed sparsity levels. When applied to DFT-s-OFDM waveform, the spreading codes without sparsity show better PAPR performance than the ones with sparsity, as shown in [13] and Figure 3. 

Observation 9: Due to the sparsity pattern in RE mapping and mixed sparsity levels for single and multi-branch transmissions, the DMRS enhancement is complicated to achieve both low PAPR and reliable channel estimation for symbol level spreading with sparsity. 
Observation 10:  Advanced receivers tailored for symbol level spreading with sparsity (e.g., EPA, MPA) involves more complexity but has less commonality with core hardware of uplink receivers for Rel-15 MU-MIMO. Advanced receivers which support non-sparse symbol level spreading have good commonality with Rel-15 MU-MIMO.


Proposal 1:  WI for NOMA should be supported in RAN1 and RAN2, focusing on PHY/MAC design for contention-based configured grant transmission and 2-step RACH in RRC_INACTIVE state.


Proposal 2:  DMRS enhancement should be specified in NOMA WI, to support UE overloading and reduce the collision probability of grant free transmissions.

Proposal 3:  A NOMA data transmission scheme based on Rel-15 modulation, low rate LDPC channel coding, and configurable spreading factor should be specified for NOMA WI. 
· For low spectral efficiency (SE), Rel-15 transmit chain can be re-used (SF=1).
· For medium to high SE and with medium to high UE overloading, UE-specific symbol level spreading (SF>1) without sparsity and with cell or UE group specific symbol level scrambling should be used, together with Rel-15 modulation and multi-branch transmission.
[bookmark: _GoBack]
Proposal 4: The NOMA transmission scheme consisting of linear spreading without zero elements in spreading sequences (no sparsity) is sufficient to provide system benefit for contention based configured grant transmission and 2-step RACH transmission in RRC_INACTIVE.
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