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1. Introduction
RAN4 #106 meeting is the first meeting for us to discuss the advanced receiver to cancel inter-user interference for MU-MIMO within the NR_demod_enh3-Perf WI. As agreed in the WID in [1], we have the following objectives. 
	•	Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO
Phase I: Study the performance gain, reference receiver assumption, interference modeling, testability, required signalling overhead, as well as impact on other WGs 
· Further discuss reference receiver assumption with below candidates
· E-MMSE-IRC
· R-ML
· Target scenario: Focus on slot based transmission 
Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver
· Note: As baseline, performance requirements shall be specified under single reference receiver assumption. This baseline can be revisited at RAN #100 if necessary.


[bookmark: _Hlk127369680]In this paper, our views on the reference receiver assumption, required information, interference modeling and the simulation assumptions for phase I study is given.
2. Discussion
[bookmark: _Hlk127370807]2.1 Reference receiver assumptions
[bookmark: _Hlk127365388]In this section, the basic MU-MIMO signaling model as well as the assumptions for the involved UE receivers for MU-MIMO scenario are summarized, to assist the discussion on the required information and interference modeling in the following sections.

Basic MU-MIMO signaling model
On the REs where N (N > 1) UEs are scheduled for DL MU-MIMO transmission, the received signal of the target UE  is expressed as
 +=  +                  (1)
where  represents the channel and the precoding matrix for the i-th co-scheduled UE.

Advanced receivers for MU-MIMO
The MMSE-IRC requirements for MU-MIMO scenario is introduced in Rel-17 with the following implementations as per TR38.833:


                                (2)
where  if co-scheduled UE is in the same CDM group with target UE, and
 if co-scheduled UE is in the different CDM group with target UE.

As one of the candidate advanced receivers for Rel-18, E-MMSE-IRC can whiten the inter user interference based on the additional channel information of the co-scheduled UEs:
                            (3)
where is the estimated channel of all co-scheduled UEs.

There are series of implementations for the R-ML receiver. As summarized in (4), the spirit of such algorithms is to detect the modulated signals from both target and co-scheduled UEs. By utilizing the estimated channel of all co-scheduled UEs, the R-ML receiver can, for example, search the symbols with higher likelihood for each layer.
                                (4)

2.2 Required information for the candidate receivers
Based on the reference receiver assumptions as summarized in 2.1, in this section, we give our analysis on the required information for each of the receivers.

The presence of co-scheduled UE
[bookmark: _Hlk127371600]As illustrated in (3) and (4), the UE with E-IRC/R-ML should be acknowledged the presence of MU-MIMO transmission before performing channel estimation and/or signal detection to the co-scheduled UEs.
[bookmark: _Hlk127372138]It is the basic NR design that, under MU-MIMO scenario, the DMRS from both target and co-scheduled UEs will use the same REs with different DMRS port index (as shown in Figure 1). Therefore, we would like to discuss in RAN4 whether UE can assume the potential presence of co-scheduled UEs on all the unallocated DMRS ports and perform energy detection to obtain such information.
	

	

	

	


Figure 1. DMRS mapping from both target and co-scheduled UEs (DMRS type 1 with symbol number = 1)
Proposal 1: UE with E-IRC/R-ML should be acknowledged the presence of MU-MIMO transmission. To obtain such information, RAN4 to discuss whether UE can assume the potential presence of co-scheduled UEs on all the unallocated DMRS ports and perform energy detection.

The estimated channel for each co-scheduled UE
According to (3) and (4), it is necessary for the UE with E-IRC/R-ML receiver to estimate the co-scheduled UE channel matrix based on DMRS. To perform the DMRS-based channel estimation to the co-scheduled UE, based on our analysis, both DMRS sequence and DMRS port information will be needed.
[bookmark: _Hlk127381896]For the DMRS sequence information, as per TS38.211, the scrambling ID could be same or different per co-scheduled UE. Considering , it will be difficult for UE to blind detect the DMRS sequences for other UEs if the scrambling IDs are different. However, based on our knowledge, in practical, the NW is highly likely to configure the same scrambling IDs for all UEs. And it is also aligned with the agreement we made in the Rel-17 MMSE-IRC test set up in [2].
	The UE shall assume the sequence  is defined by

.
where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with

where  is the OFDM symbol number within the slot,   is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 or 1_2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	…
-	 otherwise;


Observation 1: The NW is highly likely to configure the same scrambling IDs for all UEs. And it is also aligned with the agreement we made in the Rel-17 MMSE-IRC test set up.
[bookmark: _Hlk127382783]Proposal 2: UE with E-IRC/R-ML should be acknowledged the DMRS sequence information for the co-scheduled UEs. UE can assume the DMRS sequences for all co-scheduled UEs are same with that of the target UE.

For the DMRS port configuration information, when there are multiple DMRS ports for the co-scheduled UE in the same OFDM symbol, UE needs to perform channel estimation for each DMRS port considering OCC. For example, according to Fig. 1 with DMRS symbol number = 1, UE needs to detect if co-scheduled DMRS port 1~3 exists. For DMRS symbol number = 2, UE needs to detect if co-scheduled DMRS port 1~7 exists which is more complicated.
	
	

	
	

	
	

	
	


Figure 2. DMRS mapping from both target and co-scheduled UEs (DMRS type 1 with symbol number = 2)
Proposal 3: UE with E-IRC/R-ML should be acknowledged the DMRS port configuration information for the co-scheduled UEs. To obtain such information, RAN4 to discuss whether UE can perform channel estimation for each unallocated DMRS port.

Modulation order of the co-scheduled UE
[bookmark: _Hlk127542856][bookmark: _Hlk127452851]According to (4), the R-ML algorithm will search the modulated symbols with the highest likelihood within the constellation. Therefore, it will be necessary for UE with R-ML receiver to be acknowledged the modulation order information for each co-scheduled layer. At the same time, it could be possible for the UE to perform detection for the modulation order by, for example, calculate the likelihood for each of the possible modulation order among {QPSK, 16QAM, 64QAM, 256QAM, 1024QAM}, and the complexity could be decreased if the UE could be acknowledged the MCS Table information. As a result, we would like to discuss in RAN4 whether the UE with R-ML receiver for MU-MIMO could obtain the modulation order information by detection methods.
Observation 2: It could be possible for the UE to perform detection for the modulation order by, for example, calculate the likelihood for each of the possible modulation order among {QPSK, 16QAM, 64QAM, 256QAM, 1024QAM}, and the complexity could be decreased if the UE could be acknowledged the MCS Table information.
Proposal 4: UE with R-ML should be acknowledged the modulation order information for each co-scheduled layer. RAN4 to discuss whether the UE could obtain such information by detection methods.

Resource allocation of the co-scheduled PDSCH/PDCCH
In our understanding, the uneven inter-user interference caused by different PDCCH, PDSCH and CSI-RS resource allocation for the target and co-scheduled UEs, will lead to performance degradation.
In the time domain, technically speaking, the uneven IUI situation could only be occurred in the following cases when the NW have configured:
· different PDCCH OFDM symbols for the target and the co-scheduled UEs.
· different PDSCH OFDM symbols for the target and the co-scheduled UEs.
· the target PDSCH overlapped with the NZP/ZP CSI-RS of the co-scheduled UEs.
[bookmark: _Hlk127453706]Based on our understanding, in practical, the NW is highly likely to allocate the same OFDM symbols for the PDCCH and PDSCH for UEs within the cell, and it should be more common for the NW to configure the target PDSCH not overlapped with the NZP/ZP CSI-RS of the co-scheduled UE.
[bookmark: _Hlk127453947]Therefore, we propose not to consider the uneven inter-user interference in the time domain and UE can assume the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs, and the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal 5: Not to consider the uneven inter-user interference in the time domain and UE can assume the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs, and the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
[bookmark: _Hlk127458739][bookmark: _Hlk127456513][bookmark: _Hlk127525603]In the frequency domain, the uneven IUI situation could be happened when different PRBs are allocated for the target and co-scheduled UEs and it could be more complicated when different modulation orders are scheduled. In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and channel condition. As illustrated in Figure 3 for example, the target UE1 will suffer IUI from UE3 with QPSK on PRB 0~2, and will suffer IUI from UE2 with 16QAM on PRB 5~7 and no IUI on PRB 3~4.
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Figure 3. Different PRBs are scheduled for the target and co-scheduled UEs
[bookmark: _Hlk127525633][bookmark: _Hlk127525694]For SU-MIMO scenario, within each PRB bundle (PRG), the UE can simply assume the same precoding matrix is used and perform estimation to its own channel. However, such assumption may not be valid anymore for the inter user interference under MU-MIMO. Firstly, unaligned BWP configuration or different PRB bundling size will result in unaligned PRGs between the target and co-scheduled UEs. Secondly, even the PRG is aligned for the target and the co-scheduled UEs, due to different PRB allocation as illustrated in Fig. 3, the IUI could be different within the PRG.
Observation 3: In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and channel condition..
Observation 4: For SU-MIMO scenario, within each PRG, the UE can simply assume same precoding matrix is used and perform estimation to its own channel. However, such assumption may not be valid for the IUI due to unaligned PRG or different PRB allocation for the target and co-scheduled UEs.
As a result, we propose to consider the uneven inter user interference in frequency domain. In our understanding, the performance degradation caused by frequency domain uneven IUI in observation 3 and 4, could be solved by UE performing per PRB detection to the co-scheduled UE.
Proposal 6: Consider in frequency domain uneven IUI caused by different PRB allocation and unaligned PRG in the phase I study. RAN4 to discuss whether this issue could be solved by UE performing per PRB detection to the co-scheduled UE.
[bookmark: _Hlk127526139]2.3 Interference modeling and simulation assumptions for phase I
In this section, our views on the phase I interference modeling and simulation assumptions are given.
In general, we think most of the simulation assumptions in the phase I evaluation for MMSE-IRC can be reused, as captured in TR38.833, to try to save the efforts. 
At the same time, considering the implementation and the required information for the E-IRC and R-ML is different compared with the baseline MMSE-IRC, we propose the updates to the following parameters.

Rank allocation
[bookmark: _Hlk127544354]In the Rel-17 evaluation, the rank allocation of 1+1 and 2+2 is considered. Compared with the baseline MMSE-IRC, both E-IRC and R-ML receivers need to additionally perform channel estimation to the co-scheduled UE and its accuracy is important for the performance. Therefore when the target UE is scheduled rank 1, for phase I study, it is proposed to also consider 3 co-scheduled layers to better evaluate the co-scheduled UE channel estimation performance.
Proposal 7: For phase I study, in addition to the Prel-17 assumption, it is proposed to also consider 3 co-scheduled layers.

Co-scheduled UE number and MCS modulation order
[bookmark: _Hlk127544416]In the Rel-17 evaluation, only 1 co-scheduled UE with random 16QAM modulated symbols is considered. For R-ML receiver, according to (4), it needs to detect the co-scheduled modulated symbols with the highest likelihood within the constellation. Only evaluate the detection within 16QAM constellation is not enough. So it is proposed to cover QPSK, 16QAM and 64QAM for the co-scheduled layers.
In addition, since the modulation order should be the same for each codeword per UE, to evaluate the R-ML performance to search the modulated symbols within different constellation for different co-scheduled layers, it is proposed to assume more than 1 co-scheduled UEs for the phase I evaluation.
Proposal 8: For phase I study, assume more than 1 co-scheduled UEs and cover QPSK, 16QAM and 64QAM for the co-scheduled layers.

[bookmark: _Hlk127544969]According to the above proposals, as a summary, we propose to evaluate the following cases for the phase I study:
· Rank 1+1: 16QAM for the co-scheduled UE
· Rank 1+3: QPSK/16QAM/64QAM for co-scheduled UE 1~3
· Rank 2+2: QPSK/16QAM for co-scheduled UE 1~2
Proposal 9: For phase I study, evaluate the following cases:
· Rank 1+1: 16QAM for the co-scheduled UE1
· Rank 1+3: QPSK/16QAM/64QAM for co-scheduled UE 1~3
· Rank 2+2: QPSK/16QAM for co-scheduled UE 1~2


PDSCH resource allocation
In the Rel-17 evaluation, full time and frequency domain resource allocation is used for both target and co-scheduled UE. Such assumption could be enough for the MMSE-IRC receiver which only need to estimate the IUI power per PRB bundle. However, based on observation 3 and 4, the uneven frequency domain IUI could lead to incorrect channel estimation and modulated symbol detection, then large performance degradation is expected for both E-IRC and R-ML. As a result, in addition to the full time and frequency domain resource allocation scenario, in the phase I study, we propose to cover partial frequency domain resource allocation for the co-source UEs.
Proposal 10: For phase I study, consider the following scenarios in terms of PDSCH resource allocation
· Scenario 1: Maximum transmission bandwidth configuration for all UEs.
· Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.
· Full OFDM symbol allocation for both scenarios.

Receiver type
[bookmark: _Hlk127545775][bookmark: _Hlk127545785][bookmark: _Hlk127545841]For the phase I evaluation, we propose to consider both E-IRC and R-ML receivers. And we are fine to select only one for phase II requirement definition based on the phase I conclusion. In addition, according to the required information analysis in section 2.2, it is proposed to evaluate the performance for E-IRC and R-ML receivers both need and need not to detect the required information.
Proposal 11: For phase I study, consider both E-IRC and R-ML receivers, fine to select only one for phase II requirement definition based on the phase I conclusion.
Proposal 12: Evaluate the performance for both UE need and need not to detect the following required information:
· For E-IRC: presence of MU-MIMO transmission, DMRS port configuration information
· For R-ML: presence of MU-MIMO transmission, DMRS port configuration information, co-scheduled modulation order information

Evaluation metric
Similar with the Rel-17 evaluation and the Rel-15 R-ML PDSCH requirements, it is proposed to reuse the SNR @ %70 of maximum throughput as the phase I evaluation metric. In addition, since this WI is to study the performance gain over the Rel-17 MMSE-IRC, we propose to use the MMSE-IRC as the baseline receiver for phase I evaluation.
Proposal 13: Reuse the SNR @ %70 of maximum throughput as the phase I evaluation metric and use the MMSE-IRC receiver as the baseline.

Other parameters and assumptions
[bookmark: _Hlk127545143]For the other simulation assumptions, it is proposed to reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 to try to save the efforts as a start point.
Proposal 14: For the other parameters, reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point.
3. Conclusion
Proposal 1: UE with E-IRC/R-ML should be acknowledged the presence of MU-MIMO transmission. To obtain such information, RAN4 to discuss whether UE can assume the potential presence of co-scheduled UEs on all the unallocated DMRS ports and perform energy detection.
Observation 1: The NW is highly likely to configure the same scrambling IDs for all UEs. And it is also aligned with the agreement we made in the Rel-17 MMSE-IRC test set up.
Proposal 2: UE with E-IRC/R-ML should be acknowledged the DMRS sequence information for the co-scheduled UEs. UE can assume the DMRS sequences for all co-scheduled UEs are same with that of the target UE.
Proposal 3: UE with E-IRC/R-ML should be acknowledged the DMRS port configuration information for the co-scheduled UEs. To obtain such information, RAN4 to discuss whether UE can perform channel estimation for each unallocated DMRS port.
Observation 2: It could be possible for the UE to perform detection for the modulation order by, for example, calculate the likelihood for each of the possible modulation order among {QPSK, 16QAM, 64QAM, 256QAM, 1024QAM}, and the complexity could be decreased if the UE could be acknowledged the MCS Table information.
Proposal 4: UE with R-ML should be acknowledged the modulation order information for each co-scheduled layer. RAN4 to discuss whether the UE could obtain such information by detection methods.
Proposal 5: Not to consider the uneven inter-user interference in the time domain and UE can assume the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs, and the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Observation 3: In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and channel condition..
Observation 4: For SU-MIMO scenario, within each PRG, the UE can simply assume same precoding matrix is used and perform estimation to its own channel. However, such assumption may not be valid for the IUI due to unaligned PRG or different PRB allocation for the target and co-scheduled UEs.
Proposal 6: Consider in frequency domain uneven IUI caused by different PRB allocation and unaligned PRG in the phase I study. RAN4 to discuss whether this issue could be solved by UE performing per PRB detection to the co-scheduled UE.
Proposal 7: For phase I study, in addition to the Prel-17 assumption, it is proposed to also consider 3 co-scheduled layers.
Proposal 8: For phase I study, assume more than 1 co-scheduled UEs and cover QPSK, 16QAM and 64QAM for the co-scheduled layers.
Proposal 9: For phase I study, evaluate the following cases:
· Rank 1+1: 16QAM for the co-scheduled UE1
· Rank 1+3: QPSK/16QAM/64QAM for co-scheduled UE 1~3
· Rank 2+2: QPSK/16QAM for co-scheduled UE 1~2
Proposal 10: For phase I study, consider the following scenarios in terms of PDSCH resource allocation
· Scenario 1: Maximum transmission bandwidth configuration for all UEs.
· Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.
· Full OFDM symbol allocation for both scenarios.
Proposal 11: For phase I study, consider both E-IRC and R-ML receivers, fine to select only one for phase II requirement definition based on the phase I conclusion.
Proposal 12: Evaluate the performance for UE both need and need not to detect the following required information:
· For E-IRC: presence of MU-MIMO transmission, DMRS port configuration information
· For R-ML: presence of MU-MIMO transmission, DMRS port configuration information, co-scheduled modulation order information
Proposal 13: Reuse the SNR @ %70 of maximum throughput as the phase I evaluation metric and use the MMSE-IRC receiver as the baseline.
Proposal 14: For the other parameters, reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point.
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