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Introduction
In RAN1 #93 [1], it was agreed on PHY abstraction as follows
· PHY abstraction methods agreed in TR38.802 can be reused as the starting point.
· Note: Further considerations can be reviewed.
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK130][bookmark: OLE_LINK83][bookmark: OLE_LINK141][bookmark: OLE_LINK28]It is known that PHY abstraction methods in Rel-14 NR SI require optimal  value for various scenarios in terms of mean squared error (MSE). And also multiple  values may be needed to fit BLER curve in certain scenarios. Therefore, the implementation complexity of PHY abstraction methods in previous SI is high. In RAN1#94, some simple PHY abstraction methods for UL transmission with configured grant and grant-free transmission with random selection were presented and verified via link level simulation results in [2]. In this contribution, some simple PHY abstraction methods are updated. 
[bookmark: OLE_LINK1]PHY abstraction for configured grant
[bookmark: OLE_LINK32]Channel estimation error model 


[bookmark: OLE_LINK92]In [3], channel estimation error of RCE is modeled as Eq. (1) and Eq. (2), where  denotes the error of the realistic channel estimation (RCE) compared to the ideal channel estimation (ICE), which is modeled as a Gaussian distributed random variable with the mean value of 0 and the variance as . 

                                                                                                                                                 (1)  

[bookmark: OLE_LINK2][bookmark: OLE_LINK95]                                                                                                                                                 (2) In Eq. (2), SNR refers the ratio of the instantaneous fading channel gain over the noise power. Ns is the total power of samples needed for single channel estimation value. 


Practically, the real channel estimation error is defined as  where  is the “raw” channel estimate without any interpolation or smoothing. It should be noted that here SNR on each resource element (RE) is “the instantaneous SNR” due to the channel fading. As shown in Figure 1, it can be observed that the variance of the actual estimation matches well the variance predicted by the error model. 
[bookmark: OLE_LINK131][bookmark: OLE_LINK124][bookmark: OLE_LINK118][bookmark: OLE_LINK25][bookmark: OLE_LINK42][bookmark: OLE_LINK5][bookmark: OLE_LINK138][bookmark: _GoBack]For verifying the accuracy of this model in case of multiple UEs, up to 24 orthogonal port of DMRS can be achieved via sparser RE allocation in frequency domain. The comparison of BLER performance based RCE and proposed model above are shown in Figure 2 (a)-(f). Simulation assumptions are described in detail in the Appendix Table A1. It is observed that, the BLER performance based on channel error estimation model matches closely the BLER performance based on RCE with DMRS. Note that actual channel decoding is implemented in both simulations here.
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[bookmark: OLE_LINK4][bookmark: OLE_LINK94]Figure 1 Channel estimation error model (TDL-C 300ns)

	[image: ]
	[image: ]
	[image: ]

	(a) 1 UE, TDL-A 30ns
	(b) 12 UEs, TDL-A 30ns
	(c) 20 UEs, TDL-A 30ns
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	(d) 1 UE, TDL-C 300ns
	(e) 12 UEs, TDL-C 300ns
	(f) 20 UEs, TDL-C 300ns


[bookmark: OLE_LINK8][bookmark: OLE_LINK17][bookmark: OLE_LINK31][bookmark: OLE_LINK43][bookmark: OLE_LINK14]Figure 2 BLER based on channel estimation error model vs on RCE with DMRS, CP-OFDM, 6 PRB, 1 ms, TBS = 20 bytes 
[bookmark: OLE_LINK77][bookmark: OLE_LINK10][bookmark: OLE_LINK107][bookmark: OLE_LINK36]Observation 1: BLER performance based on the channel estimation error model matches well the BLER performance based on realistic channel estimation.
[bookmark: OLE_LINK80]PHY abstraction for MMSE-SIC receiver
[bookmark: OLE_LINK20][bookmark: OLE_LINK19]In [4], a PHY abstraction method for MMSE-SIC receiver is proposed, shown in Figure 3. The modeling includes three steps, which are described as below. 
· [bookmark: OLE_LINK81]Step 1: Calculation of post-processing (pp)-SINR
[bookmark: OLE_LINK41]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

                                                                                                                                                       (3)






[bookmark: OLE_LINK58][bookmark: OLE_LINK18]where yk 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 ith  user, taking into account the transmitted power Pk,i, the channel response of each receive antenna hk,i,r and the L*1 spreading sequence si, as . nk is the additional white Gaussian noise with the mean value of 0 and the variance as . 
For each of the ith objective user, the received signal in (3) can be rewritten as

                                                                                                                                                    (4)

where  represents the noise plus interference faced by the ith user’s data stream.
[bookmark: OLE_LINK108]The weight of the linear MMSE receiver is then calculated as 

                                                                                                                                                                                     (5)
with the covariance of zi

[bookmark: OLE_LINK103]                                                                                                                                      (6)
where ()*represents the Hermitian transpose and IN represents the identity matrix with size N*N.
[bookmark: OLE_LINK109]The corresponding pp-SINR of the ith user based on linear MMSE can be analytically calculated as

                                                                                                                             (7)

[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.
· [bookmark: OLE_LINK60]Step 2: Effective SINR mapping
As the link level curves are normally generated via 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 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 can be calculated as 

                                                                                                                                  (8)

where K is the number of modulation symbols (or resource elements) in a code block,  is a non-linear invertible function that defines Received Bit Mutual Information Rate (RBIR) as described in [5, Section 4.3.1].
The block error rate value of the jth user BLERj is determined by looking up the BLER vs. SNR tables for AWGN channel, with the input as the effective SINR.
· [bookmark: OLE_LINK63][bookmark: OLE_LINK64]Step 3: Interference cancellation
After the BLER of the user with highest pp-SINR is calculated, a random variable X~Uniform [0 1] is generated to decide whether the user’s data is decoded correctly or not. If the user’s data is considered as correctly decoded, then the IC procedure is performed.
[bookmark: OLE_LINK24][bookmark: OLE_LINK39][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK110]The above described PHY abstraction method is summarized in Figure 3. It should be noted that Eq. (7) is different from the one used in [4], the current one seems more suitable for the scenario with realistic channel estimation.
 [image: ]
[bookmark: _Ref16571][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Figure 3 PHY abstraction for MMSE-SIC receiver

[bookmark: OLE_LINK22][bookmark: OLE_LINK79][bookmark: OLE_LINK73][bookmark: OLE_LINK62][bookmark: OLE_LINK75][bookmark: OLE_LINK114][bookmark: OLE_LINK113][bookmark: OLE_LINK111][bookmark: OLE_LINK112]As for PHY abstraction for realistic channel estimation, we can replace the channel by HR in Eq. (1), where the channel estimation error is modelled based on Eq. (2). Then we can use HR to calculate the weight of the linear MMSE receiver with Eq. (5). Finally the corresponding pp-SINR can be calculated based on Eq. (7), where ideal channel is still used for the target signal and the interfering signal.
[bookmark: OLE_LINK89][bookmark: OLE_LINK133][bookmark: OLE_LINK132][bookmark: OLE_LINK12]The HR should also be used in the interference cancellation(IC) procedure to model the non-perfect IC, which is described as follows:


[bookmark: OLE_LINK91][bookmark: OLE_LINK90]If the jth user’s data is correctly decoded, channel estimation error of jth user  is used as residual interference, where HR,j  and HI,j refers  the modelled realistic channel estimation and the ideal channel estimation value of jth user, respectively, and  is modelled based on Eq. (2). 
[bookmark: OLE_LINK35][bookmark: OLE_LINK117][bookmark: OLE_LINK135][bookmark: OLE_LINK23][bookmark: OLE_LINK68][bookmark: OLE_LINK34][bookmark: OLE_LINK44][bookmark: OLE_LINK66]The BLER performance comparison between NOMA transmission based on described PHY abstraction method and NOMA transmission based on RCE with DMRS are shown in Figure 4(a)-(f). Simulation assumptions are described in detail in the Appendix Table A1. The results show that the BLER based on channel estimation error model with above described PHY abstraction matches closely the BLER based on DMRS channel estimation with actual demodulation and decoding.
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	(a) 1 UE, TDL-A 30ns
	(b) 12 UEs, TDL-A 30ns
	(c) 20 UEs, TDL-A 30ns
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	(d) 1 UE, TDL-C 300ns
	(e) 12 UEs, TDL-C 300ns
	(f) 20 UEs, TDL-C 300 ns


[bookmark: OLE_LINK27]Figure 4 BLER based on PHY abstraction for MMSE-SIC vs BLER based on actual decoding, CP-OFDM, 6 RBs, 1 ms, TBS = 20 bytes
[bookmark: OLE_LINK11][bookmark: OLE_LINK137][bookmark: OLE_LINK74]Observation 2: The proposed PHY abstraction method can be used for MMSE-SIC/HIC/PIC receiver of realistic channel estimation.
[bookmark: OLE_LINK76][bookmark: OLE_LINK121]PHY abstraction for grant-free transmission with random MA selection
[bookmark: OLE_LINK3]MMSE-SIC receiver for DMRS based NOMA





[bookmark: OLE_LINK98][bookmark: OLE_LINK102][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK84]Because of random selection, one DMRS can be shared by multiple users. Assuming there are N users, User 1 and User 2 select the same DMRS, only N-1 users can be identified in term of DMRS correlation, and combined channel  will be obtained in the receiver, H1 and H2  are the ideal channel estimation of user1 and user 2, respectively. Further, the channel estimation error  can be modelled based on Eq. (2) described above, then we can derive the realistic channel estimationand .We use H12,R  and to calculate the weight of the linear MMSE receiver with Eq. (5), respectively. Finally, the post-processing SINR will be calculated using Eq (7), where ideal channel is still used for the target signal and the interfering signal.
In order to reduce the error propagation of SIC, data-aided channel estimation can be considered, and it can also be modelled in system level simulation with channel estimation error. For example, assuming User 1 is correctly decoded, the channel estimation error is described as follows 

                                                                                                                                        (9)
[bookmark: OLE_LINK86][bookmark: OLE_LINK85][bookmark: OLE_LINK96]where s1  is the reconstruction of the transmitted symbols of User 1, I includes interference and noise. By some analysis and statistics, we observe that the channel estimation error can be approximately modelled with the following equation:

                                                                                                                                                                                        (10)
[bookmark: OLE_LINK87][bookmark: OLE_LINK88]where SNR1 is the ideal SNR of User 1, SNRint includes the ideal SNR of all interference users. Figure 5 shows the simulation results of the error variance with respect to the actual channel and the channel estimation error based on Eq. (10).
[bookmark: OLE_LINK97][bookmark: OLE_LINK93][image: ]
Figure 5 Channel estimation error model (TDL-A 30 ns)
[bookmark: OLE_LINK82][bookmark: OLE_LINK122][bookmark: OLE_LINK136][bookmark: OLE_LINK129]The rest of the procedure of PHY abstraction is the same as Section 2.2. Figure 6(a)-(c) shows the BLER performance comparison between NOMA transmission based on described PHY abstraction method and NOMA with the actual receiver. There are 24 orthogonal ports of DMRS achieved via sparser RE allocation in frequency domain for users to random selection. User detection is considered in the simulation. Simulation assumptions are described in detail in the Appendix Table A2. The results show that the BLER based on above described PHY abstraction matches closely the BLER of the actual receiver.
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	(a) 1 UE
	(b) 4 UEs
	(c) 8 UEs


[bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK15]Figure 6 BLER based on PHY abstraction vs BLER of the actual receiver, CP-OFDM, 6 RBs, 1 ms, TBS = 20 bytes, TDL-A 30 ns
Observation 3: PHY abstraction method mentioned above can be used for DMRS based NOMA.
[bookmark: OLE_LINK21]MMSE-SIC receiver for data based NOMA
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK16]Due to the limited number of preamble/DMRS, preamble/DMRS collision is a challenging issue for “true” grant free transmission. In this regards, a receiver of data-only based on NOMA is investigated and briefly described in [6]. In this section, we will focus on how to carry out PHY abstraction process for data based NOMA. The details of PHY abstraction for data based on NOMA are briefly described as below:
1) Assuming ideal channel estimation, the received signal of user k on the i-th Rx antenna can be expressed as

                                                                                                                                                              (11)
[bookmark: OLE_LINK101][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK100]where K is the number of users, hik is the channel coefficient of user k on the i-th Rx antenna, ck is the spreading code randomly selected by user k, xk is the modulation symbols transmitted by user k. The effective channel coefficient of user k on the i-th Rx antenna can be obtained 

                                                                                                                                                                (12)
2) [bookmark: OLE_LINK52][bookmark: OLE_LINK51][bookmark: OLE_LINK53][bookmark: OLE_LINK123]Combining the effective channel coefficient across multiple Rx antennas with predefined combination factors to obtain the combined signals hcom, which can exploit the interference rejection capability in spatial domain effectively. The combined signals of i-th combination factor of user k is 

                                                                                                                                                                  (13)


[bookmark: OLE_LINK59][bookmark: OLE_LINK50]where is j-th combination factor, . For 2 Rx antennas, the following 6 predefined combination factors can be considered: {(1, 0), (0, 1), (1/, 1/), (1/, -1/), (1/, j/), (1/, -j/)}.
3) [bookmark: OLE_LINK49]Put the  combined signals hcom into an L*S*K matrix Y, where L is the length of spreading code, S is the number of modulation symbols transmitted by each UE, K is the number of users, then calculate the covariance matrix R:

[bookmark: OLE_LINK56]                                                                                                                             (14)

where is the covariance matrix of additional white Gaussian noise.
4) 
Perform blind activity detection by using the following metric calculation principle to identify D spreading codes with lowest metrics from the spreading code set with M codes: .
5) [bookmark: OLE_LINK57]If a spreading code matches one of the transmitting UEs, calculating SINR  on the kth resource element in terms of hcom , as Eq. (13).

                                                                                                           (15)
6) [bookmark: OLE_LINK61]Sorting the SINRs and select multiple candidate symbol streams with higher SINR.
7) Effective SINR mapping which is described above.
8) Data-aided channel estimation and refinement would be used for interference cancellation, which are described above.
[bookmark: OLE_LINK54]The above-mentioned PHY abstraction method is summarized in Figure 7.
[bookmark: OLE_LINK67][bookmark: OLE_LINK72][bookmark: OLE_LINK65][bookmark: OLE_LINK71][bookmark: OLE_LINK55][bookmark: OLE_LINK69]Figure 8(a)-(f) shows some link-level simulation results of actual demodulation and decoding based on data and PHY abstraction mentioned above, simulation assumptions are described in detail in the Appendix Table A2. From the results of time domain spreading, it is observed that the BLER performance of PHY abstraction mentioned above matchs closely the BLER performance of realistic receiving based on data; From the results of frequency domain spreading, it is also observed that the BLER performance of PHY abstraction mentioned above matchs the BLER performance of realistic receiving based on data.
[bookmark: OLE_LINK26][bookmark: _Ref5069][image: ]
[bookmark: OLE_LINK99]Figure 7 MMSE-SIC receiver for data based NOMA
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	(a) 1 UE, 6 RBs, 1ms
	(b) 8 UEs, 6 RBs, 1ms
	(c) 12 UEs, 6 RBs, 1ms
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	(d) 1 UE,1 RBs, 6 ms
	(e) 8 UEs, 1 RB, 6 ms
	(f) 12 UEs, 1 RB, 6 ms


[bookmark: OLE_LINK106][bookmark: OLE_LINK127]Figure 8 BLER based on PHY abstraction of MMSE-SIC for data only transmission vs BLER of actual receiver, CP-OFDM, TBS = 20 bytes, TDL-C 300 ns
[bookmark: OLE_LINK78]Observation 4: PHY abstraction method mentioned above can be used for data-only based NOMA.
According to the analysis and performance comparison listed above, it’s clear that the proposed method for PHY abstraction can be considered in the SLS for evaluating the NOMA via SLS.
Proposal 1: The proposed PHY abstraction can be considered to evaluate the performance of NOMA in SLS.
Conclusions
In this contribution, some simple PHY abstraction methods for UL transmission with configured grant and grant-free transmission with random MA selection are presented and verified via performance comparison through link level simulation results. Based on previous analysis, following observations and proposal are made:
Observation 1: BLER performance based on the above channel estimation error model matches well the BLER performance based on realistic channel estimation.
Observation 2: The PHY abstraction method can be used for MMSE-SIC/HIC/PIC receiver, with realistic channel estimation.
Observation 3: PHY abstraction method mentioned above can be used for DMRS based NOMA.
Observation 4: PHY abstraction method mentioned above can be used for data-only based NOMA.
Proposal 1: The proposed PHY abstraction can be considered to evaluate the performance of NOMA in SLS.
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Appendix
[bookmark: OLE_LINK104]Table A1 Link level simulation assumptions for UL transmission with configured grant 
	Parameters
	Assumptions

	Carrier Frequency
	700 MHz

	Waveform
	[bookmark: OLE_LINK134]CP-OFDM

	Channel Coding
	NR LDPC (16-bit CRC, 25 iterations, Max-logMAP)

	Numerology
	SCS = 15 kHz, #OS = 14, 2 DMRS symbols overhead

	Allocated bandwidth
	6 RBs

	TBS per UE
	20 bytes

	Number of UEs multiplexed in the same allocated bandwidth
	1,12, 20

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Propagation channel & UE velocity
	TDL-A 30ns or  TDL-C 300ns in TR38.901, 3 km/h

	Max number of HARQ transmission
	1

	Channel estimation
	[bookmark: OLE_LINK33]Realistic channel estimation based on DMRS or channel estimation error model 

	MA signature allocation
	Fixed, the first K spreading codes of length = 4 in the spreading code set are used for K users respectively, the spreading code set can be found in Table A2 in [7]

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0





Table A2 Link level simulation assumptions for grant-free transmission with random selection
	Parameters
	Assumptions

	Carrier Frequency
	700 MHz

	Waveform
	CP-OFDM

	Channel Coding
	NR LDPC (16-bit CRC, 25 iterations, Max-LogMAP)

	Numerology
	SCS = 15 kHz, #OS = 14, no RS overhead

	Allocated bandwidth
	6 RBs, 1ms or 1RB,6ms

	TBS per UE
	20bytes

	Number of UEs multiplexed in the same allocated bandwidth
	1,4,8 for DMRS;1, 8, 12 for data only

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Propagation channel & UE velocity
	TDL-A30ns or TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Realistic channel estimation or ideal channel estimation 

	MA signature allocation
	Random selected from a sequence set;
For TBS = 20 bytes, spreading codes with length of 4 are used, the spreading code set can be found in Table A2 in [7] );

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0
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