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Background
In RAN1#94bis meeting and the post-meeting email discussion, the following observations on LLS were agreed [1].

The following observations have be drawn from the case-by-case evaluation results under “ideal conditions” which means equal SNR, zero TO/FO and fixed MA signature allocation:
· with ideal channel estimation, the LLS results for Case 1 with 12 or 24 UEs show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· with ideal channel estimation, the LLS results for Case 2 with 6 or 12 UEs show a similar performance for most of curves provided for coding rates no more than 0.2, at target BLER = 0.1.
· with ideal channel estimation, the LLS results for Case 2 with 6 or 12 UEs show a similar performance for most of curves provided for coding rate ~0.4, at target BLER = 0.1.
· for Case 3 with 10 UEs and ideal channel estimation, 
· the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver or ESE-SISO receiver show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1. 
· the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver or ESE-SISO receiver show better performance than the results with the MMSE-hard IC receiver.
· for Case 4 with 6 UEs and ideal channel estimation, 
· the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show a similar performance for most of curves provided with code rate up to 0.6, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver or ESE-SISO receiver show a similar performance for most of curves provided with code rate up to 0.6, at target BLER = 0.1. 
· the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show better performance than the results with the MMSE-hard IC receiver or ESE-SISO receiver.
· for Case 5 with 4 UEs and ideal channel estimation, 
· when the code rate is similar, the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show a similar performance for most of curves provided, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver and ESE-SISO receiver show a similar performance for most of curves provided, at target BLER = 0.1. 
· When the code rate is round 0.36, the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show better performance than the results with the MMSE-hard IC receiver or ESE-SISO receiver.
· When the code rate is round 0.71, the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show similar performance to the results with the MMSE-hard IC receiver or ESE-SISO receiver
· for Case 5 with 6 UEs and ideal channel estimation, 
· the LLS results for linear-spreading based schemes (SF>1) with the MMSE-hard IC receiver show a similar performance, at target BLER = 0.1.
· Under ideal conditions for Case 18 with 12 or 24 UEs, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· Under ideal conditions for Case 19 with 8 UEs, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· Under ideal conditions for Case 19 with 16 UEs, the LLS results for simulated schemes show a similar performance for most of curves provided for coding rates no more than 0.4, at target BLER = 0.1.
· Under ideal conditions for Case 20 with 4 or 8 UEs, 
· the LLS results for simulated schemes with the code rate round 0.35 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results for simulated schemes with the code rate round 0.7 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results with the code rate round 0.35 show better performance than the results with the code rate round 0.7.
· Under ideal conditions for Case 14 with 6 or 12 UEs, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.001, with appropriate configurations.
· Under ideal conditions for Case 15 with 4 or 6 UEs, 
· the LLS results for simulated schemes with the code rate round 0.3 show a similar performance for most of curves, at target BLER = 0.001. 
· the LLS results for simulated schemes with the code rate round 0.6 show a similar performance for most of curves, at target BLER = 0.001. 
· the LLS results with the code rate round 0.3 show better performance than the results with the code rate round 0.6.
· Under ideal conditions for Case 16 with 6 or 12 UEs, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.001, with appropriate configurations.
· Under ideal conditions for Case 17 with 4 or 6 UEs, 
· the LLS results for simulated schemes with the code rate round 0.3 show a similar performance for most of curves, at target BLER = 0.001. 
· the LLS results for simulated schemes with the code rate round 0.6 show a similar performance for most of curves, at target BLER = 0.001. 
· the LLS results with the code rate round 0.3 show better performance than the results with the code rate round 0.6.
· Under ideal conditions for Case 26 with 6 or 8 UEs, 
· the LLS results for simulated schemes with the code rate round 0.3 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results for simulated schemes with the code rate round 0.6 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results with the code rate round 0.3 show better performance than the results with the code rate round 0.6.
· Under ideal conditions for Case 27 with 4 UEs, 
· the LLS results for simulated schemes with the code rate round 0.35 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results for simulated schemes with the code rate round 0.7 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results with the code rate round 0.35 show better performance than the results with the code rate round 0.7.
· Under ideal conditions for Case 27 with 6 UEs, 
· the LLS results for simulated schemes with the code rate round 0.35 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results for simulated schemes with the code rate round 0.7 show a similar performance for most of curves, at target BLER = 0.1. 
· the LLS results with the code rate round 0.35 show better performance than the results with the code rate round 0.7.

The following observations can be drawn from the case-by-case evaluation results under unequal SNR distributions:
· For Case 6 with 6 or 12 UEs, ideal channel estimation, unequal SNR (SNR offset is within +/-3dB), TO is within [0, 0.5*NCP], and non-zero FO, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· For Case 8 with 12 or 24 UEs, ideal channel estimation, unequal SNR (SNR offset is within +/-3dB), TO is within [0, 0.5*NCP], and non-zero FO, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· For Case 9 with 6 or 12 UEs, ideal channel estimation, unequal SNR (SNR offset is within +/-3dB), TO is within [0, 0.5*NCP], and non-zero FO, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· For Case 21 with 12 or 24 UEs, ideal channel estimation, unequal SNR (SNR offset is within +/-3dB), TO is within [0, 0.5*NCP], and non-zero FO, the LLS results for simulated schemes show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.

Some general observations can be drawn from the simulated cases:
· For LLS in mMTC/eMBB/URLLC scenarios with ideal channel estimation, equal SNR, zero TO/FO. and fixed MA signature allocation
· For low TBS (per UE SE is less than 0.15 bps/Hz and total SE is less than 1.8 bps/Hz), as long as the simulation configuration, e.g., reasonable code rate, is appropriate, the performance difference between NOMA schemes/MA signatures is small, even when different receiver types are used. 
· For LLS in the simulated case 15/17/19/20/26/27 with ideal channel estimation, equal SNR, zero TO/FO and fixed MA signature allocation
· For medium to high TBS (per UE SE is within [0.3, 0.55] bps/Hz, and total SE is less than 3.6 bps/Hz), as long as the simulation configuration, e.g., reasonable code rate, is appropriate, the performance difference between NOMA schemes/MA signatures is small. 
· Results with lower code rate (e.g. LDPC coding rate < 0.5) show better performance than the results with higher code rate (e.g. LDPC coding rate > 0.5). 
By comparing the evaluation results between realistic channel estimation and ideal channel estimation based on cases 1~5 and 14~20, the following observations are made.
· For LLS with realistic channel estimation, equal SNR distribution, zero TO/FO and fixed MA signature allocation
· Up to [2-4]dB performance degradation is observed compared to ideal channel estimation for mMTC/eMBB scenario.
· Up to [5]dB performance degradation is observed compared to ideal channel estimation for URLLC scenario. 
· Different performance degradation levels may be due to different channel estimation algorithm and DMRS extension methods.
· The lower the SNR operation point is, the larger the performance degradation due to realistic CE can be observed
· Higher number of UEs have larger performance degradation than lower number of UEs under the same channel condition and the same TBS for each individual case.

There are some remaining issues for both the link-level and system-level simulation results, which are summarized in this contribution and to be discussed in RAN1#95 meeting.
Remaining issues for the Link level simulation results 
For unequal SNR transmission
Observations for the newly added cases 32-35
1) Case 32, 12 UEs

	Company
	ZTE
	CATT
	DOCOMO

	Scheme
	MUSA-SIC-5dB
	MUSA-EPA-5dB
	MUSA-SIC-9dB
	MUSA-EPA-9dB
	PDMA
	PDMA
	UGMA

	Code rate
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	Receiver
	MMSE- hard IC
	EPA
	MMSE- hard IC
	EPA
	EPA
	MMSE- hard SIC
	MMSE- hard SIC

	Unequal distribution
	Option 1
	Option 1
	Option 2
	Option 2
	Option 1
	Option 1
	Option 4


2) Case 33, 8 UEs

	Company
	ZTE
	CATT
	DOCOMO

	Scheme
	MUSA-SIC-4dB
	MUSA-EPA-4dB
	MUSA-SIC-9dB
	MUSA-EPA-9dB
	PDMA
	PDMA
	UGMA

	Code rate
	0.43
	0.43
	0.57
	0.57
	0.57
	0.57
	0.55

	Receiver
	MMSE- hard IC
	EPA
	MMSE- hard IC
	EPA
	EPA
	MMSE- hard SIC
	MMSE- hard SIC

	Unequal distribution
	Option 1
	Option 1
	Option 2
	Option 2
	Option 1
	Option 1
	Option 4


3) Case 34, 8 UEs

	Company
	ZTE
	CATT

	Scheme
	MUSA-SIC-4dB
	MUSA-EPA-4dB
	MUSA-SIC-9dB
	MUSA-EPA-9dB
	PDMA
	PDMA

	Code rate
	0.29
	0.29
	0.29
	0.29
	0.57
	0.57

	Receiver
	MMSE- hard IC
	EPA
	MMSE- hard IC
	EPA
	EPA
	MMSE- hard SIC

	Unequal distribution
	Option 1
	Option 1
	Option 2
	Option 2
	Option 1
	Option 1


4) Case 35, 12 UEs

	Company
	ZTE
	CATT
	DOCOMO

	Scheme
	MUSA-SIC-5dB
	MUSA-EPA-5dB
	MUSA-SIC-9dB
	MUSA-EPA-9dB
	PDMA
	PDMA
	UGMA

	Code rate
	0.1
	0.2
	0.1
	0.2
	0.2
	0.2
	0.19

	Receiver
	MMSE- hard IC
	EPA
	MMSE- hard IC
	EPA
	EPA
	MMSE- hard SIC
	MMSE- hard SIC

	Unequal distribution
	Option 1
	Option 1
	Option 2
	Option 2
	Option 1
	Option 1
	Option 4



For the curves with the same SNR distribution, the performance of different schemes are quite similar.
Significant performance loss can be observed when the SNR deviation is enlarged, e.g. from 5dB to 9dB (or using a mixed Gaussian and deterministic distribution). This is reasonable because there are more UEs suffering very low SNR and thus limit the overall performance. It is not necessary to say the performance loss is due to NOMA operation, since even for single UE randomly selected SNR from ±9dB in each simulation drop, the performance loss can be observed.
General observations for the unequal SNR distribution
During the email discussion, some individual observations have been made for the typical cases with unequal SNR distribution. There are still some parts such as case 22 needs further checks. And we were waiting for the results for the newly added cases 32-35. So we leave the general observation to be further discussed in RAN1#95 meeting.
Actually if we look at the results submitted for Case 22, most of the curves are quite aligned with less than 1 dB deviation. 
1) Case 22, 8UEs

2) Case 22, 16UEs
[bookmark: _GoBack]

If still there are different views for some of the unequal cases, an alternative solution is to explicitly list the cases corresponding to the observations, similar as what we have done for the general observation for equal SNR distribution.
· For LLS in the simulated cases 32/33/34/35 with ideal channel estimation, under unequal SNR, and fixed MA signature allocation, as long as the simulation configuration is appropriate, the performance difference between NOMA schemes/MA signatures is small, even when different receiver types are used
· Performance loss of 1.1-3.2 dB can be observed with real channel estimation  in multipath, where the losses are greater for the larger  number of UEs or with greater SNR variation with for link level simulations in the simulated cases of 32 and 33.
To compare BLER results with realistic channel estimation vs. ideal channel estimation for Case 32 and 33.

	Case No. & # of UEs
	SNR range for ICE [dB]
	SNR range for RCE [dB]
	SNR gap @ target BLER

	Case 32, N=6 (mMTC, TDL-A)
	[-1.5, 3]
	[-0.5, 4]
	~1 dB

	Case 32, N=12 (mMTC, TDL-A)
	[-1, 3]
	[0.5, 5]
	1.5~3dB

	Case 33, N=6 (mMTC, TDL-C)
	[2.5, 8]
	[3.5, 11]
	1~3dB

	Case 33, N=8 (mMTC, TDL-C)
	[3.5, 9.5]
	[5, 12.5]
	1.5~3dB



For asynchronous transmissions
No conclusion for the simulated cases with asynchronous transmission was made during the email discussion after RAN1#94bis, since there was not enough results collected for the asynchronous cases.
There are more results submitted to RAN1#95, including the following:
1) Case 9, 12 UEs, fixed, ICE
ICE

RCE


	Company
	ZTE
	HW
	Qualcomm
	Intel

	Scheme
	MUSA-SIC-5dB
	SCMA
	MUSA
	LCRS
	RSMA
	RSMA
	LCRS

	Code rate
	0.2
	0.2
	0.2
	0.1
	0.2
	0.2
	0.1

	Receiver
	MMSE- hard IC
	EPA
	EPA
	EPA
	MMSE- hard SIC
	MMSE- hard SIC
	MMSE- hard SIC

	Max TO
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	1.5 CP
	1.5 CP
	0.5 CP




2) Case 11, 6UEs, random, ICE

	Company
	HW
	CATT
	DOCOMO

	Scheme
	SCMA
	LCRS
	MUSA
	SCMA
	PDMA
	PDMA
	UGMA
	MUSA
	SCMA

	Code rate
	0.2
	0.1
	0.2
	0.2
	0.41
	0.41
	0.19
	0.19
	0.25

	Receiver
	EPA
	EPA
	EPA
	MMSE-hard IC
	EPA
	MMSE-hard IC
	MMSE-hard IC
	MMSE-hard IC
	MMSE-hard IC

	Max TO
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP

	MA signature allocation / collision
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random selection / Yes
	Random selection / Yes
	Random selection / Yes



3) Case 11, 6UEs, random, RCE

	Company
	HW
	Samsung
	Samsung
	ZTE

	Scheme
	SCMA
	LCRS
	MUSA
	SCMA
	MUSA
	IGMA
	MUSA
	MUSA

	Code rate
	0.2
	0.1
	0.2
	0.2
	0.2
	0.18
	0.37
	0.17

	Receiver
	EPA
	EPA
	EPA
	MMSE-hard IC
	MMSE-hard IC
	MMSE-hard IC
	MMSE-hard IC
	MMSE-hard IC

	Max TO
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	0.5 CP
	1.5 CP
	1.5 CP
	1.5 CP

	MA signature allocation / collision
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random activation / No
	Random selection / Yes / 
(50% RS overhead)



Proposed observation 2:
· For case 9 with ideal or realistic channel estimation and timing offset is within [0, 1.5*NCP] (fixed allocation, no MA signature collision, non-zero FO, and SNR offset is within +/-3dB) 
· When the TBS is small (i.e. 20bytes), 12 simultaneous activated UEs can be supported with no significant performance loss at the target BLER, compared to timing offset is within [0, 0.5*NCP].
Note: this observation is drawn based on a single company’s result


· For case 11 with ideal channel estimation and random selection with potential MA signature collision (timing offset is within [0, 0.5*NCP], non-zero FO, and SNR offset is within +/-3dB) 
· When the TBS is small (i.e. 20bytes), 12 simultaneous activated UEs can be supported with no significant performance loss at the target BLER, compared to random activation with no MA signature collision.



· For case 11 with realistic channel estimation and random selection with potential MA signature collision (timing offset is within [0, 1.5*NCP], non-zero FO, and SNR offset is within +/-3dB)
· When the TBS is small (i.e. 20bytes), with 6 simultaneous activated UEs, based on the realistic UE detection by using 50% RS overhead, with less than 3dB performance loss at the target BLER, compared to random activation with no MA signature collision and timing offset is within [0, 0.5*NCP].

PAPR
Some contributions provide the PAPR comparison between spreading and non-spreading based schemes. The values for PAPR @ CCDF=1% and 0.1% are summarized in the following figures for CP-OFDM and DFT-s-OFDM respectively. 
PAPR for CP-OFDM
	Schemes
	Frequency domain spreading, SF=4
(R1-1810206)
	Time domain spreading, SF=4
(R1-1810206)
	Frequency domain spreading, SF=4 + scrambling
(R1-1810206)
	Non-spreading
(R1-1810206)
	Spreading
(R1-1811243)
	Spreading + scrambling
(R1-1811243)
	Non-spreading
(R1-1811243)

	PAPR [dB] @ CCDF=1%
	9.9
	6.6
	6.6
	6.6
	9.5
	6
	6.2

	PAPR [dB] @ CCDF=0.1%
	12.2
	8.4
	8.5
	8.4
	12
	7.5
	8

	Schemes
	Spreading, SF=4
(R1-1810762)
	Spreading, SF=4, K=8
(R1-1810762)
	Non-spreading, 
(R1-1810762)
	Spreading
(R1-1810849)
	Spreading + interleaving/ scrambling
(R1-1810849)
	Non-Spreading 
(R1-1810849)
	Interleaving with zero-padding
(R1-1810849)

	PAPR @ CCDF=1%
	9.8
	9.5
	8.1
	13.5
	9.8
	9.8
	9.5

	PAPR [dB] @ CCDF=0.1%
	10.5
	10.2
	8.6
	
	10.8
	10.8
	10.4

	Schemes
	Spreading + scrambling
(R1-1811360)
	Spreading
(R1-1811360)
	Spreading, SF=6 
(R1-1811101)
	Spreading + hopping, SF=6 
(R1-1811101)
	Non-spreading 
(R1-1811101)
	
	

	PAPR @ CCDF=1%
	9.6
	12
	12.1
	9.6
	9.9
	
	

	PAPR [dB] @ CCDF=0.1%
	
	
	13.1
	10.4
	10.8
	
	


PAPR for DFT-s-OFDM
	Schemes
	Non-spreading
(R1-1810206)
	Time domain spreading, SF=4
(R1-1810206)
	Spreading
(R1-1811243)
	Spreading + scrambling
(R1-1811243)
	non-spreading
(R1-1811243)
	Spreading, SF=2
(R1-1810261)
	Non-spreading
(R1-1810261)

	PAPR [dB] @ CCDF=1%
	4.5
	4.5
	4.4
	3.8
	4.4
	[3.1~5.1]
	4.5

	PAPR [dB] @ CCDF=0.1%
	5.8
	5.8
	6.7
	4.8
	6
	[3.5~6.2]
	5.7

	Schemes
	Spreading
(R1-1810849)
	Spreading + interleaving/ scrambling
(R1-1810849)
	Non-Spreading 
(R1-1810849)
	Interleaving with zero-padding
(R1-1810849)
	
	
	

	PAPR @ CCDF=1%
	8.1
	7
	7
	6
	
	
	

	PAPR [dB] @ CCDF=0.1%
	9.2
	7.5
	7.5
	6.4
	
	
	

	Schemes
	Spreading, SF=2, QPSK
(R1-1810120)
	Spreading, SF=4, 16QAM
(R1-1810120)
	Spreading, SF=2, QPSK, 2branches
(R1-1810120)
	Spreading, SF=2, QPSK, 4branches
 (R1-1810120)
	16point modulation, SF=4
(R1-1810120)
	16point modulation, SF=4, 2branches
(R1-1810120)
	Non-spreading, QPSK

	PAPR @ CCDF=1%
	4.5
	5.1
	5.4
	6
	4.6
	4.6
	4.5

	PAPR [dB] @ CCDF=0.1%
	5.7
	6.4
	6.7
	7.5
	5.9
	5.9
	5.7





1
The following figures are based on the collection of companies’ results submitted in the form of ‘template – 3’.
CP-OFDM, QPSK
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DFT-s-OFDM, QPSK
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[bookmark: _Ref528756280]In addition, in [R1-1813254] Ericsson pointed out that PAPR/CM should not be considered in isolation, since the PA backoff does not depend only on PAPR/CM, but also on the number of allocated PRBs and on the required transmit power for the transmission scheme.

Proposed observation 3: 
· In general, frequency-domain spreading increases the PAPR for CP-OFDM
· OFDM-symbol level (time-domain) spreading has the same PAPR as non-spreading scheme
· Sequence hopping can be applied to reduce the PAPR
· Symbol-level scrambling/interleaving can be applied to reduce the PAPR for both CP-OFDM and DFT-s-OFDM
· Sparsity can be beneficial for PAPR reduction for DFT-s-OFDM
· FFS the impact of PAPR/CM on PA backoff, taking into account the required transmit power and the occupied bandwidth for the transmission.

Any comment?
	Company
	View

	
	

	
	




Remaining issues for the L2S mapping methods
Three different PHY abstraction methods have been agreed during the email discussion and were captured in [2]. One remaining issue is whether or not to capture the modelling for DMRS collision (agreed in principle), based on the further refinement on the wording (especially considering further analysis/evaluations, random activation vs. selection, optionality, etc.).
Modeling of channel estimation error under DMRS collision
========================= Start of Text Proposal =========================

<Unchanged part omitted>
2.1.3 (Optional) Modeling for DMRS collision





[bookmark: OLE_LINK98][bookmark: OLE_LINK102][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK84][bookmark: OLE_LINK93]For the case when random activation applied in the simulation and the When one DMRS is preconfigured transmitted by to multiple UEs. , Ffor example, there are N users, if User 1 and User 2 are preconfigured withtransmit with the same DMRS and also transmitting using the same(e.g., same DMRS sequence initialization, same DMRS antenna port), scrambling ID, and OFDM symbols, only N-1 users can be identified using the DMRS correlation, and a combined channel  will be obtained from the DMRS in the receiver, where H1 and H2  are the ideal channel estimates of User 1 and User 2, respectively. Further, the channel estimation error  can be modelled based on Eq. (2.1-8) described above, then we can derive the realistic channel estimationand . H12,R and are used to calculate the weight of the linear MMSE receiver, respectively. Finally, the post-processing SINR for PUSCH will be calculated using Eq (2.1-6), where ideal channel is still used for the target signal and the interfering signal.
[bookmark: OLE_LINK82]The rest of the procedure of PHY abstraction is the same as Section 2.1.1.
Note: the above model considers only one-shot transmission (e.g., without HARQ retransmissions) and does not address issues such as UE identification, specific DMRS design, contention resolution details, etc.

<Unchanged part omitted>
========================= End of Text Proposal =========================

More validation results
It is proposed in R1-1813545 to add more validation results for the L2S mapping method described in section A.2.3.
========================= Start of Text Proposal =========================

<Unchanged part omitted>
A.2.3 Link-to-system mapping for EPA-hybrid IC and MMSE-Hard IC receiver
…
Unequal SNR
[bookmark: OLE_LINK29]With unequal SNR of different SNR variations, the BLER performance comparisons between real UL LLS evaluation with realistic channel estimation and the BLER obtained from the described PHY abstraction method for different TBSs are shown in Figure A.2.3-10, Figure A.2.3-11 and Figure A.2.3-12 respectively. The results with Gaussian power distribution with 9dB variation are presented in Figure A.2.3-13 and Figure A.2.3-14.
…
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Figure A.2.3-13 TB size=20 Bytes, SCMA, Gaussian, 9dB
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Figure A.2.3-14 TB size=60 Bytes, SCMA, Gaussian, 9dB
<Unchanged part omitted>
========================= End of Text Proposal =========================

Possible Proposal 4: 
· Agree on the text proposals in section 3, to be captured in the Annex of TR38.812.

Any views or comments?
	Company
	View

	
	

	
	






Performance evaluation at system level 
The following tables summarize the system-level evaluation results as well as the additional assumptions submitted to RAN1#95 meeting from multiple companies.
Table 1 SLS evaluation results for NOMA in mMTC scenario
	Source
	ZTE - Case 1
	ZTE - Case 2
	ZTE - Case 3
	ZTE - Case 4
	ZTE - Case 5
	HW - Case 1
	HW - Case 2
	HW - Case 3

	Carrier frequency
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m

	Simulation bandwidth
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs

	BS antenna number
	2Rx
	2Rx
	2Rx
	2Rx
	2Rx
	2Rx
	2Rx
	2Rx

	BS downtilt
	92
	92
	92
	92
	92
	92
	92
	92

	Number of UEs per cell
	100
	100
	100
	100
	100
	100
	100
	100

	UE power control
	P0 = -100 dBm, alpha = 1
	P0 = -100 dBm, alpha = 1
	P0 = -95 dBm, alpha = 1
	P0 = -100 dBm, alpha = 1
	P0 = -95 dBm, alpha = 1
	P0=-110 dBm, alpha = 1
	P0=-110 dBm, alpha = 1
	P0=-110 dBm, alpha = 1

	HARQ/repetition
	Maximum number of HARQ transmissions is 8; non-adaptive re-transmissions
	Maximum number of HARQ transmissions is 8; non-adaptive re-transmissions
	UEs are classified to 3 groups, different repetitions are assumed respectively
	Maximum number of HARQ transmissions is 8
non-adaptive re-transmissions are assumed
	4 repetitions
	non-adaptive re-transmissions, maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2
	non-adaptive re-transmissions, maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2
	non-adaptive re-transmissions, maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2

	Channel estimation
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic

	BS advanced receiver
	Baseline: MMSE-IRC or MMSE-PIC
MUSA: MMSE-PIC
	Baseline: MMSE-IRC or MMSE-PIC
MUSA: MMSE-PIC
	MMSE-IC for baseline and MUSA
	MMSE-IC for baseline and MUSA
	MMSE-IC for baseline and MUSA
	EPA receiver for all schemes
	EPA receiver for all schemes
	EPA receiver for all schemes

	TB size
	25 bytes
	25 bytes
	25 bytes
	25 bytes
	20 bytes
	20 bytes
	60 bytes
	40 bytes

	Packet dropping criterion
	If one TB is not received correctly after HARQ/repetition, the packet is dropped
	If one TB is not received correctly after HARQ/repetition, the packet is dropped
	If one TB is not received correctly after HARQ/repetition, the packet is dropped
	If one TB is not received correctly after HARQ/ repetition, the packet is dropped;
	If one TB is not received correctly after HARQ/ repetition, the packet is dropped;
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency

	DMRS setting and allocation
	24 DMRS each RB assumed, preconfigured, no collision
	24 DMRS each RB assumed, preconfigured, no collision
	Baseline: 24 DMRS, random selection
MUSA: 64 DMRS, random selection
	24 DMRS each RB assumed, preconfigured, no collision
	No DM-RS;
Baseline and MUSA: Preamble 64
Random selection
	the DMRS pool size is 24 for each resource unit; no DMRS collision
	the DMRS pool size is 24 for each resource unit; no DMRS collision
	the DMRS pool size is 24 for each resource unit; no DMRS collision

	MA signature and allocation
	24 spreading codes of length 4 are used for MUSA, preconfigured
	24 spreading codes of length 4 are used for MUSA, preconfigured
	64 spreading codes of length 4 are used for MUSA, random selection
	24 spreading codes of length 2, 4 and 6 are used for MUSA, preconfigured. 
	64 spreading codes of length 4 are used, random selection
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA

	Details on configured grant, 
e.g. periodicity, offset, and #of UEs assigned on the same resource
	periodicity = 4 ms for baseline and MUSA
	periodicity = 5 ms for baseline and MUSA
	-
	periodicity = 6 ms for baseline and MUSA
	-
	periodicity = 6 ms
	periodicity = 6 ms
	periodicity = 6 ms

	Other assumptions for baseline
	1 PRB per Tx for a UE
	6 PRBs per Tx for a UE
	1 PRB per Tx for a UE; 1, 4 and 16 repetitions for the 3 groups respectively
	1 PRB + 6 ms per Tx for a UE

	Basic channel structure: 6 PRBs + 1ms for preamble, 6 PRBs + 1ms for data;
TO belong to [0, 1.5*NCP]
	a resource unit of 1 PRB+6 ms for each TB
	a resource unit of 1 PRB+6 ms for each TB
	a resource unit of 1 PRB+6 ms for each TB

	Other assumptions for NOMA
	1 PRB + 4 ms per Tx for a UE;
the energy of spreading codes for MUSA is normalized to 1
	6 PRBs per Tx for a UE
	1 PRB + 4 ms per Tx for a UE; 1, 1 and 4 repetitions for the 3 groups respectively, the energy of spreading codes used by UEs in the first group is normalized to 1
	1 PRB + 6 ms per Tx for a UE

	Basic channel structure: 6 PRBs + 1ms for preamble, 6 PRBs + 1ms for data;
TO belong to [0, 1.5*NCP]
	a resource unit of 1 PRB+6 ms for each TB;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	a resource unit of 1 PRB+6 ms for each TB;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	a resource unit of 1 PRB+6 ms for each TB;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA

	Supported PAR for baseline at PDR=1% (packet/s/cell)
	300 for baseline with MMSE-IRC;
350 for baseline with MMSE-PIC
	<100 for baseline with MMSE-IRC;
<100 for baseline with MMSE-PIC
	25
	400
	<50 for baseline with MMSE-SIC
	590
	740
	860

	Supported PAR for NOMA at PDR=1% (packet/s/cell)
	600
	200
	50
	700 for SF = 2
900 for SF = 4
1000 for SF = 6
	100
	590 for SCMA
580 for MUSA;
580 for SL-RSMA
	740 for SCMA
620 for MUSA;
620 for SL-RSMA
720 for ML-RSMA
	790 for MUSA, 780 for SL-RSMA, 860 for ML-RSMA,860 for SCMA

	Gain (relative to baseline)
	100% (baseline with MMSE-IRC)
71% (baseline with MMSE-PIC)
	100%
	100%
	75% for SF = 2
125% for SF = 4
150% for SF = 6
	100%
	No gain
	No gain
	No gain

	Source
	HW - Case 4
	HW - Case 5
	HW - Case 6
	Samsung
	Nokia
	InterDigital
	
	

	Carrier frequency
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	700MHz, 1732m
	
	

	Simulation bandwidth
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs
	
	

	BS antenna number
	2Rx
	2Rx
	2Rx
	2Rx
	2Rx
	2Rx
	
	

	BS downtilt
	92
	92
	92
	-
	92
	92
	
	

	Number of UEs per cell
	100
	100
	100
	20
	20
	20
	
	

	UE power control
	P0=-110 dBm, alpha = 1
	P0=-110 dBm, alpha = 1
	P0=-110 dBm, alpha = 1
	P0=-90 dBm 

	P0=-110 dBm, alpha = 1
	P0 = -100 dBm, alpha = 1
	
	

	HARQ/repetition
	non-adaptive re-transmissions, maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2
	non-adaptive re-transmissions, maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2
	non-adaptive re-transmissions, maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2
	HARQ combining with random back-off. The maximum number for transmissions is 8
	Back off, max 8, no repetition
	8 Chase combining
	
	

	Channel estimation
	Realistic
	Realistic
	Realistic
	Ideal & Realistic
	Realistic
	Ideal & Realistic
	
	

	BS advanced receiver
	SCMA/ LCRS: chip-wise MMSE hard IC receiver; MUSA and RSMA: block MMSE hard IC receiver
	SCMA/ LCRS: chip-wise MMSE hard IC receiver; MUSA and RSMA: block MMSE hard IC receiver
	SCMA/ LCRS: chip-wise MMSE hard IC receiver; MUSA and RSMA: block MMSE hard IC receiver
	Baseline: MMSE-IRC
IGMA: ESE receiver
	Baseline: MMSE-IRC or MMSE-SIC
NOCA: MMSE-SIC
	EPA receiver for IDMA
	
	

	TB size
	20 bytes
	60 bytes
	40 bytes
	40 bytes
	-
	45 bytes
(40 + 5 bytes)
	
	

	Packet dropping criterion
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions
	Max 8  transmissions
	maximum number of HARQ transmissions
	
	

	DMRS setting and allocation
	the DMRS pool size is 24 for each resource unit; no DMRS collision
	the DMRS pool size is 24 for each resource unit; no DMRS collision
	the DMRS pool size is 24 for each resource unit; no DMRS collision
	DMRS are semi-static configured
	-
	-
	
	

	MA signature and allocation
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	MA signatures  are semi-static configured
	spreading codes of length 6 are used for NOCA
	-
	
	

	Details on configured grant, 
e.g. periodicity, offset, and #of UEs assigned on the same resource
	periodicity = 6 ms
	periodicity = 6 ms
	periodicity = 6 ms
	-
	-
	-
	
	

	Other assumptions for baseline
	a resource unit of 1 PRB+6 ms for each TB
	a resource unit of 1 PRB+6 ms for each TB
	a resource unit of 1 PRB+6 ms for each TB
	one RB is allocated for each UE
	each UE selects one PRB out of the allocated PRBs; QPSK 1/2 is used for all users
	-
	
	

	Other assumptions for NOMA
	a resource unit of 1 PRB+6 ms for each TB;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	a resource unit of 1 PRB+6 ms for each TB;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	a resource unit of 1 PRB+6 ms for each TB;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	all 6 RBs are occupied by each UE
	each UE always occupies the whole allocated resources for transmission; QPSK 1/2 is used for all users
	-
	
	

	Supported PAR for baseline at PDR=1% (packet/s/cell)
	580
	700
	840
	400 (ICE)
	100 for baseline with MMSE-IRC or MMSE-SIC
(5 packet/s/UE * 20 UE/cell)
	-
	
	

	Supported PAR for NOMA at PDR=1% (packet/s/cell)
	580 for SCMA/MUSA/ML-RSMA/SL-RSMA
	610 for MUSA, 610 for SL-RSMA, 700 for ML-RSMA,700 for SCMA
	780 for MUSA, 770 for SL-RSMA, 840 for ML-RSMA,840 for SCMA
	800 (ICE)
750 (RCE)
	200
(10 packet/s/UE * 20 UE/cell)
	540 (ICE)
270 (RCE)
	
	

	Gain (relative to baseline)
	No gain
	No gain
	No gain
	100% (ICE)
87.5% (IGMA with RCE relative to baseline with ICE)
	100%
	-
	
	




Table 2 SLS evaluation results for NOMA in URLLC scenario
	Source
	ZTE - Case 1
	ZTE - Case 2
	ZTE - Case 3
	ZTE - Case 4
	ZTE - Case 5
	Huawei - Case 1
	Huawei - Case 2

	Carrier frequency
	4GHz, 200m
	700MHz, 500m
	4GHz, 200m
	700MHz, 500m
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m

	Simulation bandwidth
	12 PRBs, SCS = 60kHz
	12 PRBs, SCS = 60kHz
	12 PRBs, SCS = 60kHz
	12 PRBs, SCS = 60kHz
	12 PRBs, SCS = 60kHz
	12 PRBs, SCS = 60kHz, 7OS
	12 PRBs, SCS = 60kHz, 7OS

	BS antenna number
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx

	BS downtilt
	102
	98
	102
	98
	102
	102
	102

	Number of UEs per cell
	20
	20
	20
	20
	20
	10
	10

	UE power control
	P0 = -90 dBm, alpha = 1
	P0 = -90 dBm, alpha = 1
	P0 = -90 dBm, alpha = 1
	P0 = -90 dBm, alpha = 1
	P0 = -90 dBm, alpha = 1
	P0 = -85 dBm, alpha = 0.93
	P0 = -85 dBm, alpha = 0.93

	HARQ/repetition
	Number of transmission(s) = 1, no HARQ/ repetition
	Number of transmission(s) = 1, no HARQ/ repetition
	Number of transmission(s) = 1, no HARQ/ repetition
	Number of transmission(s) = 1, no HARQ/ repetition
	Number of transmission(s) = 1, no HARQ/repetition
	1 repetition, no retransmission
	2 repetition, no retransmission

	Channel estimation
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic

	BS advanced receiver
	Baseline: MMSE-IRC or MMSE-PIC (2 iterations)
MUSA: same as baseline
	Baseline: MMSE-IRC or MMSE-PIC (2 iterations)
MUSA: same as baseline
	Baseline: MMSE-IRC or MMSE-PIC (2 iterations)
MUSA: same as baseline
	Baseline: MMSE-IRC or MMSE-PIC (2 iterations)
MUSA: same as baseline
	Baseline: MMSE-IRC or MMSE-PIC (2 iterations)
MUSA: same as baseline
	EPA receiver for all schemes
	EPA receiver for all schemes

	TB size
	60 bytes
	60 bytes
	200 bytes
	200 bytes
	60 bytes
	60 bytes
	60 bytes

	Packet dropping criterion
	-
	-
	-
	-
	-
	-
	-

	DMRS setting and allocation
	24 DMRS each RB assumed, preconfigured, no collision
	24 DMRS each RB assumed, preconfigured, no collision
	24 DMRS each RB assumed, preconfigured, no collision
	24 DMRS each RB assumed, preconfigured, no collision
	24 DMRS each RB assumed, preconfigured, no collision
	the DMRS pool size is 12, no DMRS collision
	the DMRS pool size is 12, no DMRS collision

	MA signature and allocation
	24 spreading codes of length 4 are used for MUSA, preconfigured
	24 spreading codes of length 4 are used for MUSA, preconfigured
	24 spreading codes of length 4 are used for MUSA, preconfigured
	24 spreading codes of length 4 are used for MUSA, preconfigured
	24 spreading codes of length 4 are used for MUSA, preconfigured
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA

	Details on configured grant, 
e.g. periodicity, offset, and #of UEs assigned on the same resource
	periodicity = 0.5 ms for baseline and MUSA
	periodicity = 0.5 ms for baseline and MUSA
	periodicity = 2 ms for baseline and MUSA
	periodicity = 2 ms for baseline and MUSA
	periodicity = 0.5 ms for baseline and MUSA
	7 OFDM symbols
	7 OFDM symbols

	Other assumptions for baseline
	3 PRBs per Tx for a UE
	3 PRBs per Tx for a UE
	3 PRBs per Tx for a UE
	3 PRBs per Tx for a UE
	12 PRBs + 0.25ms per Tx for a UE
	12PRBs per UE
	12PRBs per UE

	Other assumptions for NOMA
	12 PRBs per Tx for a UE;
Same power consumption as baseline
	12 PRBs per Tx for a UE;
Same power consumption as baseline
	12 PRBs per Tx for a UE;
Same power consumption as baseline
	12 PRBs per Tx for a UE;
Same power consumption as baseline
	12 PRBs + 0.25ms per Tx for a UE

	12PRBs per UE;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	12PRBs per UE;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA

	Supported PAR for baseline at 95% of UEs satisfying requirement (packet/s/cell)
	750
	1000
	400
	500
	<500
	2320
	2810

	Supported PAR for NOMA at 95% of UEs satisfying requirement (packet/s/cell)
	2500
	3500
	1200
	1200
	2000

	2350 for SCMA
1690 for MUSA
1690 for SL-RSMA
2290 for ML-RSMA
	2930 for SCMA
2170 for MUSA
2170 for SL-RSMA
2810 for ML-RSMA

	Gain (relative to baseline)
	233%
	250%
	200%
	140%
	300%
	1.3% for SCMA, 
no gain for other schemes
	4.3% for SCMA, 
no gain for other schemes

	Source
	Huawei - Case 3
	Huawei - Case 4
	CATT
	
	
	
	

	Carrier frequency
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	
	
	
	

	Simulation bandwidth
	12 PRBs, SCS = 60kHz, 7OS
	12 PRBs, SCS = 60kHz, 7OS
	12 PRBs
	
	
	
	

	BS antenna number
	4 Rx
	4 Rx
	4 Rx
	
	
	
	

	BS downtilt
	102
	102
	102
	
	
	
	

	Number of UEs per cell
	10
	10
	20
	
	
	
	

	UE power control
	P0 = -85 dBm, alpha = 0.93
	P0 = -85 dBm, alpha = 0.93
	P0 = -90 dBm, alpha = 1
	
	
	
	

	HARQ/repetition
	1 repetition, no retransmission
	2 repetition, no retransmission
	No HARQ/repetition
	
	
	
	

	Channel estimation
	Realistic
	Realistic
	Realistic
	
	
	
	

	BS advanced receiver
	SCMA/LCRS: chip-MMSE hard IC MUSA/RSMA: block-MMSE hard IC
	SCMA/LCRS: chip-MMSE hard IC MUSA/RSMA: block-MMSE hard IC
	MMSE-SIC
	
	
	
	

	TB size
	60 bytes
	60 bytes
	60 bytes
	
	
	
	

	Packet dropping criterion
	-
	-
	-
	
	
	
	

	DMRS setting and allocation
	the DMRS pool size is 12, no DMRS collision
	the DMRS pool size is 12, no DMRS collision
	no DMRS collision
	
	
	
	

	MA signature and allocation
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	-
	
	
	
	

	Details on configured grant, 
e.g. periodicity, offset, and #of UEs assigned on the same resource
	7 OFDM symbols
	7 OFDM symbols
	-
	
	
	
	

	Other assumptions for baseline
	12PRBs per UE
	12PRBs per UE
	-
	
	
	
	

	Other assumptions for NOMA
	12PRBs per UE;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	12PRBs per UE;
Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	-
	
	
	
	

	Supported PAR for baseline at 95% of UEs satisfying requirement (packet/s/cell)
	2290
	2810
	1900
	
	
	
	

	Supported PAR for NOMA at 95% of UEs satisfying requirement (packet/s/cell)
	2290 for SCMA
1690 for MUSA
1690 for SL-RSMA
2290 for ML-RSMA
	2810 for SCMA
2150 for MUSA
2150 for SL-RSMA
2810 for ML-RSMA
	2700 for MUSA
2950 for PDMA
	
	
	
	

	Gain (relative to baseline)
	No Gain
	No Gain
	42.1% for MUSA
55.3% for PDMA
	
	
	
	





Table 3 SLS evaluation results for NOMA in eMBB scenario
	Source
	ZTE - Case 1
	ZTE - Case 2
	Huawei - Case 1
	Huawei - Case 2
	Huawei - Case 3
	Huawei - Case 4
	CATT
	Samsung

	Carrier frequency
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m

	Simulation bandwidth
	12 PRBs
	12 PRBs
	12 PRBs
	12 PRBs
	12 PRBs
	12 PRBs
	12 PRBs
	12 PRBs

	BS antenna number
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx
	4 Rx

	BS downtilt
	102
	102
	102
	102
	102
	102
	102
	-

	Number of UEs per cell
	100
	100
	20
	20
	20
	20
	40
	20

	UE power control
	P0 = -95 dBm, alpha = 1
	P0 = -95 dBm, alpha = 1
	P0 = -90 dBm, alpha = 0.9
	P0 = -90 dBm, alpha = 0.9
	P0 = -90 dBm, alpha = 0.9
	P0 = -90 dBm, alpha = 0.9
	P0 = -90 dBm, alpha = 1
	-

	HARQ/repetition
	Number of transmission(s) = 1, no HARQ/repetition
	Number of transmission(s) = 1, no HARQ/repetition
	Maximum number of retransmission=8, no repetition
	Maximum number of retransmission=8, no repetition
	Maximum number of retransmission=8, no repetition
	Maximum number of retransmission=8, no repetition
	Random back-off, max 4 HARQ, no repetition
	HARQ combining with random back-off. The maximum number for transmissions is 8

	Channel estimation
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Realistic
	Ideal & Realistic

	BS advanced receiver
	Baseline: MMSE-IRC or MMSE-PIC
MUSA: MMSE-PIC
	Baseline: MMSE-IRC or MMSE-PIC
MUSA: MMSE-PIC
	EPA receiver for all schemes
	EPA receiver for all schemes
	SCMA/LCRS: chip-MMSE hard IC MUSA/RSMA: block-MMSE hard IC
	SCMA/LCRS: chip-MMSE hard IC MUSA/RSMA: block-MMSE hard IC
	MMSE-SIC
	Baseline: MMSE-IRC
IGMA: ESE receiver

	TB size
	70 bytes
	70 bytes
	60 bytes
	80 bytes
	60 bytes
	80 bytes
	60 bytes
	-

	Packet dropping criterion
	If one TB is not received correctly after HARQ/ repetition, the packet is dropped
	If one TB is not received correctly after HARQ/ repetition, the packet is dropped
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency
	8 HARQ transmissions or 1s latency
	-
	8 HARQ transmissions

	DMRS setting and allocation
	24 DMRS each RB assumed, preconfigured, no collision
	24 DMRS each RB assumed, preconfigured, no collision
	the DMRS pool size is 24, no DMRS collision
	the DMRS pool size is 24, no DMRS collision
	the DMRS pool size is 24, no DMRS collision
	the DMRS pool size is 24, no DMRS collision
	no DMRS collision
	DMRS are semi-static configured

	MA signature and allocation
	24 spreading codes of length 4 are used for MUSA, preconfigured
	24 spreading codes of length 4 are used for MUSA, preconfigured
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	spreading codes of length 2 are used for MUSA
	-
	MA signatures  are semi-static configured

	Details on configured grant, 
e.g. periodicity, offset, and #of UEs assigned on the same resource
	periodicity = 5 ms for baseline and MUSA
	periodicity = 5 ms for baseline and MUSA
	periodicity = 1 ms
	periodicity = 1 ms
	periodicity = 1 ms
	periodicity = 1 ms
	-
	-

	Other assumptions for baseline
	3 PRB per Tx for a UE
	12 PRBs per Tx for a UE
	12PRBs per UE
	12PRBs per UE
	12PRBs per UE
	12PRBs per UE
	-
	2 RBs is allocated for each UE

	Other assumptions for NOMA
	12 PRBs per Tx for a UE;
Same power consumption as baseline
	12 PRBs per Tx for a UE
	12PRBs per UE;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	12PRBs per UE;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	12PRBs per UE;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	12PRBs per UE;

Multi-layer transmission for SCMA;
Single-layer or multi-layer transmission for RSMA
	-
	all 12 RBs are occupied by each UE

	Supported PAR for baseline at PDR=1% (packet/s/cell)
	800 for baseline with MMSE-IRC;
1200 for baseline with MMSE-PIC
	400 for baseline with MMSE-IRC;
600 for baseline with MMSE-PIC
	5050
	-
	4800
	-
	2100
	450 (ICE)

	Supported PAR for NOMA at PDR=1% (packet/s/cell)
	2000
	1500
	5100 for SCMA
4950 for MUSA;
4900 for SL-RSMA
5050 for ML-RSMA
	4850 for SCMA
4800 for MUSA;
4650 for SL-RSMA
4600 for ML-RSMA
	4800 for SCMA/MUSA/RSMA
	4500 for SCMA
4500 for MUSA;
4500 for SL-RSMA
4300 for ML-RSMA
	2500 for MUSA
3000 for PDMA
	900 (ICE)
860 (RCE)

	Gain (relative to baseline)
	150% (baseline with MMSE-IRC)

66.7% (baseline with MMSE-PIC)
	275% (baseline with MMSE-IRC)

150% (baseline with MMSE-PIC)
	0.99% for SCMA, no gain for other schemes
	-
	no gain 
	-
	19.1% for MUSA
42.9% for PDMA
	100% (ICE)
91.1% (IGMA with RCE relative to baseline with ICE)

	Source
	Qualcomm-Case 1 (configured grant)
	Qualcomm-Case 2 (grant-based)
	DCM
	
	
	
	
	

	Carrier frequency
	4GHz, 200m
	4GHz, 200m
	4GHz, 200m
	
	
	
	
	

	Simulation bandwidth
	12 PRBs
	20/80 MHz (25% assumed for PDCCH, over 2 OFDM symbols)
	12 PRBs
	
	
	
	
	

	BS antenna number
	4 Rx
	4 Rx
	4Rx
	
	
	
	
	

	BS downtilt
	102
	102
	102
	
	
	
	
	

	Number of UEs per cell
	32
	32
	40
	
	
	
	
	

	UE power control
	P0 = -99.4 dBm, alpha = 0.9
	P0 = -99.4 dBm, alpha = 0.9
	P0=-90 dBm, alpha = 1
	
	
	
	
	

	HARQ/repetition
	Max 8 HARQ attempts
	Max 8 HARQ attempts
	maximum number of HARQ transmission=8, no repetition
	
	
	
	
	

	Channel estimation
	Realistic
	Realistic
	Realistic
	
	
	
	
	

	BS advanced receiver
	MMSE with hard parallel IC
	MMSE with hard parallel IC
	Baseline: MMSE-PIC
UGMA: MMSE-SIC
	
	
	
	
	

	TB size
	89 bytes
	-
	85 bytes
	
	
	
	
	

	Packet dropping criterion
	Packet is dropped after 8 HARQ attempts
	Packet is dropped after 8 HARQ attempts
	8 HARQ transmissions or 1s latency
	
	
	
	
	

	DMRS setting and allocation
	16 DMRS assumed, preconfigured, no collision
	16 DMRS assumed, preconfigured, no collision
	No collision
	
	
	
	
	

	MA signature and allocation
	16 spreading codes of spreading factor 4, preconfigured
	4 spreading codes of spreading factor 2
	spreading codes of length 2 are used for UGMA
	
	
	
	
	

	Details on configured grant, 
e.g. periodicity, offset, and #of UEs assigned on the same resource
	TDD Config: 3 DL, 1UL
Periodicity: Every 2 UL slots (i.e. every 8 slots = 4 ms)
Overloading (# UEs per resource):
Up to 4 for baseline; Up to 16 for NOMA
	TDD Config: 3 DL, 1UL
2 PDCCH symbols used to convey UL grants for each UL slot
	
	
	
	
	
	

	Other assumptions for baseline
	3 PRBs assigned to a UE

for each arrival rate, the best MCS is selected ensuring that the packet drop rate is within the 1% limit
	Frequency-selective (Granularity: 4 sub-bands of 3 RBs each)
PDCCH constrained to 18 CCEs for UL Grants
	Inter-cell interference is treated as white Gaussian noise
	
	
	
	
	

	Other assumptions for NOMA
	12 PRBs assigned to a UE, SF = 4

for each arrival rate, the best MCS is selected ensuring that the packet drop rate is within the 1% limit
	Frequency-selective (Granularity: 4 sub-bands of 3 RBs each)
PDCCH constrained to 18 CCEs for UL Grants
	Inter-cell interference is treated as white Gaussian noise
	
	
	
	
	

	Supported PAR for baseline at PDR=1% (packet/s/cell)
	supported PAR =  640

UPT (Mbps) at PAR = 480:
5%: 0.0256
50%: 0.0882
95%: 0.158
	supported PAR =  1120

UPT (Mbps) at PAR = 1120:
5%: 0.0378
50%: 0.1115
95%: 0.3173
	1000
	
	
	
	
	

	Supported PAR for NOMA at PDR=1% (packet/s/cell)
	supported PAR =  800

UPT (Mbps) at PAR = 480:
5%: 0.0442
50%: 0.1045
95%: 0.1645
	supported PAR =  1150

UPT (Mbps) at PAR = 1120:
5%: 0.0142
50%: 0.0982
95%: 0.2619
	1200
	
	
	
	
	

	Gain (relative to baseline)
	Gain on PAR: 25%
Gain on UPT at PAR = 480:
5%: 72.3%
50%: 18.4%
95%: 4%
	Gain on PAR:2%
No Gain on UPT at PAR = 1120
	20%
	
	
	
	
	



Some possible observations can be made based on the provided results.

Possible Propose 5: Capture the table 1-3 and the following observations for SLS in TR38.812.
Observation 1: for mMTC scenario, under the system-level evaluation assumptions as detailed in Table 1 in R1-1814075, relative to the evaluated OFDM waveform (using configured grant with multiple users in the same time and frequency resources) with MMSE-IRC or advanced receiver, the evaluated NOMA schemes with configured grant (without DMRS collision) can provide the results in Table 1 as in R1-1814075.
· In some simulated cases in Table 1 as in R1-1814075, 
· time and frequency resource configuration per UE for the baseline is different from that per UE for evaluated NOMA schemes; 
· Receivers used for the baseline and for the evaluated NOMA schemes are in some cases different and in other cases the same. 
· Resource utilization of simulated NOMA schemes is 3 to 5 times than baseline.
· In some other simulated cases, 
· the time and frequency resource configuration per UE for the baseline is the same as that per UE for the evaluated NOMA scheme
· the same type of receiver is assumed for the baseline and the evaluated NOMA schemes 
· Resource utilization of simulated NOMA schemes is comparable to baseline.
· Different L2S mappings are used.
· In R1-1813900, it assumes ideal assumptions of inter-cell interference covariance matrix (non-block diagonal and genie-known to the receiver). 
· Different baselines, different amount of optimization, and different choice of receiver types are used by companies
· Note: Table 1 in R1-1814075 may need to be further updated, e.g., by incorporating any missing evaluation results, etc.

· Observation 3: for eMBB scenario, under the system-level evaluation assumptions as detailed in Table 3 in R1-1814075, relative to the evaluated OFDM waveform (using configured grant with multiple users in the same time and frequency resources) with MMSE-IRC or advanced receiver, the evaluated NOMA schemes with configured grant (without DMRS collision) can provide the results in Table 3 as in [R1-1814075].
· In some simulated cases in Table 3 as in R1-1814075, 
· time and frequency resource configuration per UE for the baseline is different from that per UE for evaluated NOMA schemes; 
· Receivers used for the baseline and for the evaluated NOMA schemes are in some cases different and in other cases the same. 
· [Resource utilization of simulated NOMA schemes is 3 to 5 times than baseline].
· In some other simulated cases, 
· the time and frequency resource configuration per UE for the baseline is the same as that per UE for the evaluated NOMA scheme
· the same type of receiver is assumed for the baseline and the evaluated NOMA schemes 
· [Resource utilization of simulated NOMA schemes is comparable to baseline].
· Different L2S mappings are used.
· In R1-1813900, it assumes ideal assumptions of inter-cell interference covariance matrix (non-block diagonal and genie-known to the receiver). 
· Different baselines, different amount of optimization, and different choice of receiver types are used by companies
· Note: Table 3 in R1-1814075 may need to be further updated, e.g., by incorporating any missing evaluation results, etc.
· 

Whether PDR vs. PAR metric or/and throughput metric is used for calculate the gain should be reported by companies when updating Table 3.
Tdoc numbers as well as the sources will replace the companies names in columns.

· Observation 2: for URLLC scenario, under the system-level evaluation assumptions as detailed in Table 2 in R1-1814075, relative to the evaluated OFDM waveform (using configured grant with multiple users in the same time and frequency resources) with MMSE-IRC or advanced receiver, the evaluated NOMA schemes with configured grant (without DMRS collision) can provide the results in Table 2 as in R1-1814075.
· In some simulated cases in Table 2 as in R1-1814075, 
· time and frequency resource configuration per UE for the baseline is different from that per UE for evaluated NOMA schemes; 
· Receivers used for the baseline and for the evaluated NOMA schemes are in some cases different and in other cases the same. 
· [Resource utilization of simulated NOMA schemes is 3 to 5 times than baseline].
· In some other simulated cases, 
· the time and frequency resource configuration per UE for the baseline is the same as that per UE for the evaluated NOMA scheme
· the same type of receiver is assumed for the baseline and the evaluated NOMA schemes 
· [Resource utilization of simulated NOMA schemes is comparable to baseline].
· Different L2S mappings are used.
· In R1-1813900, it assumes ideal assumptions of inter-cell interference covariance matrix (non-block diagonal and genie-known to the receiver). 
· Different baselines, different amount of optimization, and different choice of receiver types are used by companies
· Note: Table 2 in R1-1814075 may need to be further updated, e.g., by incorporating any missing evaluation results, etc.












SLS results for mMTC

	Source
	R1-1813900
	R1-1812969
	R1-1813159

	NOMA Tx Scheme
	MUSA
	IGMA
	NOCA

	Resource Configuration
	Configured without collision
	Configured without collision
	Configured without collision

	NOMA Receiver
	MMSE Hard-SIC
	ESE
	MMSE Hard-SIC

	Baseline Receiver
	MMSE-IRC or MMSE-hard-SIC
	MMSE-IRC
	MMSE-IRC or MMSE-hard-SIC

	L2S Mapping
	Method-1
	Method-2
	Method-1

	Gain
	For MMSE-IRC: 100%
For MMSE-hard SIC: 71%~150%
	~87.5%
	~100%




SLS results for eMBB
	Source
	R1-1813900
	R1-1812612
	R1-1812969
	R1-1813894
	R1-1814077

	NOMA Tx Scheme
	MUSA
	PDMA/ MUSA
	IGMA
	RSMA
	UGMA

	Resource Configuration
	Configured without collision
	Configured without collision
	Configured without collision
	Configured without collision
	Configured without collision

	NOMA Receiver
	MMSE Hard-SIC
	MMSE Hard-SIC
	ESE
	MMSE Hard-SIC
	MMSE Hard-SIC

	Baseline Receiver
	MMSE-IRC or MMSE-hard-SIC
	MMSE-hard-SIC
	MMSE-IRC
	MMSE Hard-SIC
	MMSE Hard-SIC

	L2S Mapping
	Method-1
	Method-1
	Method-2
	Method-1
	Method-1*

	Gain
	For MMSE-IRC: 150%~275%
For MMSE-hard SIC: 66.7%~150%
	19.1% for MUSA
42.9% for PDMA
	~91.1%
	25% for PAR
4%~72.3% for UPT
	20%





SLS results for uRLLC
	Source
	R1-1813900
	R1-1812612

	NOMA Tx Scheme
	MUSA
	PDMA/ MUSA

	Resource Configuration
	Configured without collision
	Configured without collision

	NOMA Receiver
	MMSE Hard-SIC
	MMSE Hard-SIC

	Baseline Receiver
	MMSE-IRC or MMSE-hard-SIC
	MMSE-hard-SIC

	L2S Mapping
	Method-1
	Method-1

	Gain
	140%~300%
	42.1% for MUSA
55.3% for PDMA












Conclusions 
Proposed observation 1:
· For LLS in the simulated case 6/8/9/21/32/33/34/35 with ideal channel estimation, unequal SNR distribution, and fixed MA signature allocation
As long as the simulation configuration, e.g., reasonable code rate, is appropriate, the performance difference between NOMA schemes/MA signatures is small, even when different receiver types are used

Proposed observation 2:
· For case 9 with ideal channel estimation and timing offset is within [0, 1.5*NCP] (fixed allocation, no MA signature collision, non-zero FO, and SNR offset is within +/-3dB) 
· When the TBS is small (i.e. 20bytes), 12 simultaneous activated UEs can be supported with no significant performance loss at the target BLER, compared to timing offset is within [0, 0.5*NCP].
· For case 11 with ideal channel estimation and random selection with potential MA signature collision (timing offset is within [0, 0.5*NCP], non-zero FO, and SNR offset is within +/-3dB) 
· When the TBS is small (i.e. 20bytes), 12 simultaneous activated UEs can be supported with no significant performance loss at the target BLER, compared to random activation with no MA signature collision.
· For case 11 with realistic channel estimation and random selection with potential MA signature collision (timing offset is within [0, 1.5*NCP], non-zero FO, and SNR offset is within +/-3dB)
· When the TBS is small (i.e. 20bytes), 6 simultaneous activated UEs can be supported based on the realistic UE detection by using 50% RS overhead, with less than 3dB performance loss at the target BLER, compared to random activation with no MA signature collision and timing offset is within [0, 0.5*NCP].

Proposed observation 3: 
· In general, frequency-domain spreading increases the PAPR for CP-OFDM
· OFDM-symbol level (time-domain) spreading has the same PAPR as non-spreading scheme
· Sequence hopping can be applied to reduce the PAPR
· Symbol-level scrambling/interleaving can be applied to reduce the PAPR for both CP-OFDM and DFT-s-OFDM
· Sparsity can be beneficial for PAPR reduction for DFT-s-OFDM
· FFS the impact of PAPR/CM on PA backoff, taking into account the required transmit power and the occupied bandwidth for the transmission.

Possible Proposal 4: 
· Agree on the text proposals in section 3, to be captured in the Annex of TR38.812.

Possible Proposal 5: Capture the table 1-3 and the following observations for SLS in TR38.812.
Observation 1: Relative to OFDMA based baseline with MMSE-IRC or advanced receiver, the evaluated NOMA schemes with configured grant can provide significant gain at target performance metrics in mMTC, URLLC, and eMBB scenarios.
Observation 2: Relative to low code rate based baseline with advanced receiver, significant gain can be observed from one source for NOMA with configured grant in at least mMTC and eMBB scenarios, while insignificant gain is observed from another source for NOMA with configured grant.
Observation 3: At least in mMTC grant free with random selection scenario, NOMA can also provide significant gain at target PDR = 1%.


Appendix A1
SLS results for mMTC

	Source
	R1-1813900
	[R1-]
	[R1-]
	[R1-]

	NOMA Tx Scheme
	
	
	
	

	Resource Configuration
	
	
	
	

	NOMA Receiver
	
	
	
	

	Baseline Receiver
	
	
	
	

	L2S Mapping
	
	
	
	

	Gain
	
	
	
	




SLS results for eMBB
	Source
	R1-1813900
	[R1-]
	[R1-]
	[R1-]
	[R1-]

	NOMA Tx Scheme
	
	
	
	
	

	Resource Configuration
	
	
	
	
	

	NOMA Receiver
	
	
	
	
	

	Baseline Receiver
	
	
	
	
	

	L2S Mapping
	
	
	
	
	

	Gain
	
	
	
	
	





SLS results for uRLLC
	Source
	R1-1813900
	[R1-]
	[R1-]

	NOMA Tx Scheme
	
	
	

	Resource Configuration
	
	
	

	NOMA Receiver
	
	
	

	Baseline Receiver
	
	
	

	L2S Mapping
	
	
	

	Gain
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 Scheme Y	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	Company X /
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