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Introduction
In the previous RAN1 meetings [1][2][3], it was agreed on multiple access that
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· SLS is used for comparison of proposals, and verification with traffic/scheduling/multi S cell interference dynamics.
· PHY abstraction (L2S mapping) of LLS is encouraged to be provided for calibration purpose
For non-orthogonal multiple access (NOMA) schemes, advanced non-linear detectors are often required, such as MMSE-SIC, ML/MPA, etc. The calculation of post-processing SINR is quite different from that of the linear receiver. Therefore, it is essential to derive the suitable PHY abstraction method for different receiver types associated with NOMA schemes in order to evaluate the SLS results more realistically. 
PHY abstraction for MMSE-SIC receiver
Calculation of post-processing (pp)-SINR
The MMSE-SIC receiver is optimal since it achieves the best possible sum rate for the detection of multiple data streams [4]. Several NOMA candidates rely on MMSE-SIC for multi-user detection, such as MUSA [4], RSMA [6], NCMA [7], NOCA [8], GOCA [9]. The signal model can be represented as follows.
Assuming that N non-orthogonal users share the same resource element group with the spreading factor of L, the received signal with R antenna ports can be written as
                                                                            (1)
where  with the size of   is the received symbol vector on the kth resource element,  is a  vector of transmitted symbols.  denotes the effective channel of the  user, taking into account the transmitted power , the channel response of each receive antenna  and the L*1 spreading sequence , as . is the additional white Gaussian noise with the power of . 
For each of the ith objective user, the received signal in (1) can be rewritten as
                                                            (2)
where  represents the noise plus interference faced by the ith user’s data stream.
The weight of the linear MMSE receiver is then calculated as 
,                                                                                 (3)
with the covariance of 
                                                                   (4)
where  represents the Hermitian transpose and  represents the identity matrix with size N*N.
The corresponding pp-SINR of the ith user based on linear MMSE can be analytically calculated as
                                                                (5)
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]The decoding of the jth user’s data with the highest averaged pp-SINR over K resource elements, i.e.,  will be treated in each loop of the MMSE-SIC receiver. Therefore, the analytical SINR mapping in SLS starts from the jth user.

Effective SINR mapping
As the link level curves are normally generated assuming a frequency flat channel response at given SINR, an effective SINR,  is required to accurately map the system level SINR onto the link level curves to determine the resulting BLER, when the actual channel at system level is frequency selective in general.
Assuming that the  jth user has the highest pp-SINR. The effective SINR is calculated as 
,                                                        (6)
where K is the number of modulation symbols (or resource elements) in a code block,  is a fudge factor that depends on the MCS, the encoding block length and some non-ideal factors such as realistic channel estimation.  is a non-linear invertible function that defines the specific ESM, e.g., typically exponential-ESM (EESM) , or Received Bit Mutual Information Rate (RBIR) as described in [10, Section 4.3.1].
The block error rate value of the jth user  is determined by looking up the BLER vs. SNR tables for AWGN channel, with the input of the effective SINR.
Successive interference cancellation
Since the BLER of the user with highest pp-SINR has been analytically calculated, a random variable  is generated to decide whether the user’s data is decoded correctly or not:
If , the jth user’s data is considered as correctly decoded. And then the SIC procedure is performed, i.e, update the number of users from N to N-1 and the covariance matrix of the interference from to in Eq. (4), and to find the user with the maximum pp-SINR based on the updated  ignoring the jth user. The rest of the procedure remains the same.
If , the decoding of the jth user is considered as failed. And the jth user’s data cannot be eliminated from the received signal.  Then we try to decode the user (denoted as j’) with the next highest pp-SINR .  The rest of the procedure of ESM remains the same with the input updated from j to j’.
The above-mentioned PHY abstraction methodology is summarized in Figure 1.

 
[bookmark: _Ref462336236]Figure 1 Flowchart of PHY abstraction methodology for MMSE-SIC receiver
It should be noticed that following the flowchart in Figure 1, a user could have multiple opportunities for decoding. This is allowed due to the reason that even if the user is failed to be decoded in the previous SIC stage, it is still possible that this user’s data might be successfully decoded once after part of the interferences (i.e. other users’ signals) is cancelled from the superposed received data. The SIC procedure ends if all users’ signals are correctly detected or none of the remaining users’ signals can be correctly decoded.
Proposal 1: The above-mentioned PHY abstraction methodology could be considered for SLS evaluation of NR MA schemes with at least MMSE-SIC type receiver. 
Considerations on the non-ideal issues
The PHY abstraction methodology is conducted based on some ideal assumptions, e.g. the number of users shared at one particular time instance and each user’s MA signatures are known. 
For the grant-free UL NOMA schemes, other than the link adaptation or realistic channel estimation which appeared in the orthogonal MA and can be modeled by the optimization of , some other realistic issue such as missing detection of blind active user detection, handling of collisions of MA signatures (e.g. spreading sequence, RS/Preamble) should also be taken into account for the realistic SLS evaluations.
The collision of spreading sequence is already taken into account in MMSE-SIC receiver when calculating the pp-SINR. However, for the grant-free cases, it is not easy to detect which users’ spreading sequences are colliding. And the collision of RS/Preamble will also affect the performance of realistic channel estimation. Therefore, it is not practical to derive a single  value, as in the orthogonal MA, to model each of the non-ideal effects. The effect of these non-ideal issues of grant-free NOMA should be further studied through analytical analysis (e.g. collision probability of MA signature) and extensive realistic link-level simulations, trying to derive the corresponding analytical mapping between the AWGN BLER curve and the realistic BLER curve.
Proposal 2: For realistic SLS evaluation, the impact of non-ideal issues such as blind active-user detection and collision of MA signature on the PHY abstraction should be taken into account and for further study in grant-free NOMA.
Conclusions
In this contribution, a PHY abstraction methodology is proposed for MMSE-SIC type receivers. For each layer of SIC, linear MMSE is adopted to calculate the pp-SINR. The BLER is analytically derived based on the ideal effective SNR mapping method for the user has the largest pp-SINR. Furthermore, non-ideal issues such as blind multi-user detection and collision of MA signature should be further studied. The following proposals are made:
Proposal 1: The proposed PHY abstraction methodology could be considered for SLS evaluation of NR MA schemes with at least MMSE-SIC type receiver. 
Proposal 2: For realistic SLS evaluation, the impact of non-ideal issues such as blind active-user detection and collision of MA signature on the PHY abstraction should be taken into account and for further study in grant-free NOMA.
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