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Introduction
In RAN1#86bis meeting [1], it was agreed that
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For ML-type receiver, the PHY abstraction method discussed R1-168076 can be used at least for some MA schemes
· If a different PHY abstraction method is used by a company, it has to be stated clearly and individually verified
· Otherwise, the PHY abstraction method is up to each company
· The PHY abstraction method is to be stated and individually verified by each company
· For evaluation purpose, PHY abstraction method is up to each company
· A same method is used for calibration and evaluation by a given company, unless a single method can be agreed in RAN1 during evaluation phase

In this contribution, we discuss the feasibility of proposed physical layer abstraction method with different impact factors, and provide with additional verification results.

Discussion 
The proposed PHY abstraction methodology in [2] provides general verifications for some MA schemes. In order to further verify its feasibility, some specific scenarios are investigated.

Unequal SNR
The curve fitting accuracy with equal UE SNRs has already been shown in [2]. Moreover, this section assumes unequal SNRs, where each UE randomly selects a power offset value within [-5, 5] dB per TTI, and the curve fitting can be seen in Fig.1.
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                          (a)  SCMA, 4UE                                                            (b) SCMA, 6UE
Fig. 1 SCMA BLER comparisons with equal and unequal SNRs for (a) 4UE and (b) 6UE.

[bookmark: OLE_LINK10]Observation 1: With random SNR offset, the average LLS performances decrease, but the proposed PHY abstraction method is still very accurate, with beta parameters almost unchanged.

Codebook collision
If the UE codebooks for uplink transmission are scheduled by the BS, the overlapping impact can be minimally reduced. However, with the grant-free assumption, UE will select its own codebook so that codebook collision may happen if the same one is chosen by another UE over the same bandwidth. The SCMA link-level performances are shown in Fig.2, comparing the fixed codebook in granted case and random codebook selection in grant-free case. 
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                          (a)  SCMA, 4UE                                                            (b) SCMA, 6UE
Fig. 2 SCMA BLER comparisons with fixed and random codebook selection for (a) 4UE and (b) 6UE.

Observation 2: SCMA Link-level performance with MPA-type receiver is robust to codebook collision, and the PHY abstraction method is still accurate in random codebook selection case, with very similar beta parameters.

Channel estimation
Channel estimation will result in certain performance loss, which should be captured in the physical layer abstraction model. In this section, real channel estimation (DFT method) is considered in the verifications in grant-free mode, as shown in Fig.3. 
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                                (a) SCMA, 1UE                                                            (b) SCMA, 2UE
[image: ][image: ]
                                  (c) SCMA, 4UE                                                            (d) SCMA, 6UE
Fig. 3 SCMA BLER with real channel estimation for (a) 1UE, (b) 2UE, (c) 4UE and (d) 6UE in grant-free mode.

Observation 3: The proposed PHY abstraction method is accurate enough to estimate real channel estimation scheme with adjusted beta parameters.

Text Proposal for PHY abstraction
Following the agreement that the method discussed R1-168076 can be used at least for some MA schemes, including such as SCMA, PDMA and IGMA, we propose
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 1: The methodology described in the Appendix is captured in the TR38.802 as one PHY abstraction method in SLS evaluation of NR MA schemes. 
For the purpose of accuracy, multiple β values for different SNR ranges could be considered.
Conclusion 
This proposal mainly verifies the PHY abstraction method in some specific scenarios, such as unequal SNR offset, codebook collision and real channel estimation impacts. The verification results show that our proposed PHY abstraction method is accurate enough to estimate the link level performance in the scenarios described above.
Observation 1: With random SNR offset, the average LLS performances decrease, but the proposed PHY abstraction method is still very accurate, with beta parameters almost unchanged.

Observation 2: SCMA Link-level performance with MPA-type receiver is robust to codebook collision, and the PHY abstraction method is still accurate in random codebook selection case, with similar beta parameters.

Observation 3: The proposed PHY abstraction method is accurate enough to estimate real channel estimation scheme with adjusted beta parameters.

Proposal 1: The methodology described in the Appendix is captured in the TR38.802 as one PHY abstraction method in SLS evaluation of NR MA schemes. 
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Appendix
Text Proposal for PHY abstraction in TR38.802
[bookmark: OLE_LINK3]~~~~~~~~~~~~~~ start of the text ~~~~~~~~~~~~~~~~~~
[bookmark: OLE_LINK8][bookmark: OLE_LINK11]A.2.X	Methodology for link-to-system modelling for multiple access
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK9]A.2.X.1		Methodology for ML/R-ML modeling
A.2.X.1.1		Method 1
Let  denote the receiver antenna number and be the signature of the  user/data layer, this method can be described in the following steps.
· Step 1: Express the UL transmission model with N non-orthogonal users/date layers of the kth RE group (each group contains  REs,  is the spreading factor, i.e., ) as below [3][4]:
                                            (1)
where  is a  received symbol vector and  is a  vector of transmitted symbols.  denotes the effect channel of the  user, taking into account both channel realizations and MA signatures such that where   denotes the component-wise multiplication, and therefore .  represents the AWGN noise plus inter-cell interference vector with covariance matrix . The calculation of  is related to the signature of specific MA scheme and its modeling method.
· Step 2: Calculate the post-processing pp-SINR of the kth RE group with perfect interference cancellation (PIC) bound for the  user/data layer [5][6][7].
,                                                                (2)
· Step 3: Do the effective SNR mapping (ESM), using the pp-SINRs and the curve fitting parameter . With ESM functions such as
1. Shannon capacity formula [5], i.e., 
   or,                             (3)
                                    (4)
which implies 
, or,                                                   (5)
                                                         (6)
2. Received bit mutual information rate (RBIR) Method I [5][6][7][8], i.e., 
, or                                             (7)
,                                             (8)
which implies 
, or                                    (10)
                                    (11)
3. Received bit mutual information rate (RBIR) Method II [6][8], i.e., 
               (12)
 ,                                                      (13)
which implies 	
,                                           (14)
where Q is the modulation order. The curve fitting parameter(s) should be chosen to minimize the mean square errors (MSE) between the BLERs derived from real mutli-user UL LLS evaluation and the ones from the PHY abstraction prediction, under the given number of active users and the given MCSs. 
· Step 4: Get the BLER value by looking up the SISO AWGN link performance table with the derived effective SINR value in step 3 as the input.
~~~~~~~~~~~~~~ end of the text ~~~~~~~~~~~~~~~~~~
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