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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. The WF is approved in [1] as the discussion outcome.
In this paper, our views on the reference receiver assumption and required information are given.
2. Discussion
[bookmark: _Hlk127370807]2.1 Reference receiver assumptions
Reference receiver assumption for R-ML
	Status in the WF in [1]:
Reference receiver assumption for R-ML
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option 2: UE perform RML algorithm for serving layer(s) + x interference layer(s)
· Option 2A: x depends on UE’s capability of modulation order detection and perform E-IRC algorithm for rest interference layers
· Option 3: UE can perform R-ML algorithms in the scenario with one additional co-scheduled UE (besides the UE under test) on all the interfering layers at each slot on the same frequency domain resource


[bookmark: _Hlk131781027][bookmark: _Hlk132011981]For this issue, there is no doubt that option 1 can have the highest performance gain which is also our preference assumption. And we think it is important for us to carefully study the required information and introduce necessary signaling if needed, to ensure the UE could perform R-ML receiving for all co-scheduled layers.
Proposal 1: Study the required information and introduce necessary signaling if needed, to ensure the UE could perform R-ML receiving for all co-scheduled layers.
2.2 Required information for the candidate receivers
First of all, for the needed information for R-ML and/or E-IRC, on the one hand, we do not object to introduce new network assistance signaling since we are targeting to handle the inter-user-interference to be more frequently occurred in the future network. On the other hand, companies have identified plenty of candidate information in [1]. It is impossible and unnecessary to include all of such information the NWA signaling: 1) The DCI payload resource is precious; 2) Some corner cases are seldom occurred in the real network.
Considering the above, for the required information and possible other WG impact discussion, in general, we have the following proposal:
· For the corner cases which are seldom occurred in practical, not to consider the related parameters in the NWA and UE can simply apply a default assumption.
· [bookmark: _Hlk131780552]For the parameters that agreed to be needed, discuss whether there could be other methods to obtain such information, e.g., by blind detection, where the performance loss should be studied.
· [bookmark: _Hlk132012187]Consider NWA for the information that blind detection could not be feasible.
Proposal 2: For the required information and possible other WG impact discussion, in general:
-	For the corner cases which are seldom occurred in practical, not to consider the related parameters in the NWA and UE can simply apply a default assumption.
-	For the parameters that agreed to be needed, discuss whether there could be other methods to obtain such information, e.g., by blind detection, where the performance loss should be studied.
-	Consider NWA for the information that blind detection could not be feasible.

The presence of co-scheduled UE
In the last meeting, we have reached consensus that UE should know the presence of the co-scheduled UE before performing advanced receiving algorithms. And how could UE obtain such information still need further discussion:
	Status in the WF in [1]:
The presence of co-scheduled UE
· Whether this information is needed:
· [bookmark: _Hlk127895542]UE should know the presence of MU-MIMO transmission
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied 
· Option 2: By assistant information signalling



In our understanding, the presence of co-scheduled UE information could be obtained by several methods:
· Obtained simultaneously while UE performing blind detection to the co-scheduled DMRS port;
· Could be indicated while configured other parameters in the NWA (if introduced);
· …
Therefore, UE may not need additional detection process or extra bits for this single information. As a result, it is proposed to FFS on how this information could be obtained after we have reached consensus on other issues including the DMRS port information and NWA contents (if introduced).
Observation 1: The presence of co-scheduled UE information could be obtained by several methods, thus UE may not need additional detection process or extra bit for this single information.
-	Obtained simultaneously while UE performing blind detection to the co-scheduled DMRS port;
-	Could be indicated while configured other parameters in the NWA (if introduced)
Proposal 3: FFS on how presence of co-scheduled UE information could be obtained, after we have reached consensus on other issues including the DMRS port information and NWA contents (if introduced).

The DMRS sequence information for the co-scheduled UE
In the last meeting, we have reached consensus that UE should know the DMRS sequence information to perform channel estimation process.
	Status in the WF in [1]:
The DMRS sequence information for the co-scheduled UE
· Whether this information is needed:
· UE should know the DMRS sequence information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE
· Option 2: Blind detection should be studied
· Option 2A: UE can assume DMRS parameters in DMRS-DownlinkConfig is same for all UEs. It is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users. For nSCID ∈ {0, 1}, UE can either perform blind detection or require signaling. 
· Option 3: By assistant information signalling
· Option 3A: Assistant information on whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs


[bookmark: _Hlk131693160][bookmark: _Hlk127381896]For the scrambling ID information, as per TS38.211, it could be same or different per co-scheduled UE. Considering , it is difficult for UE to blind detect the such value for all other UEs. In practical, the NW is highly likely not to configure such parameter and cell ID will be used, or simply configure the same scrambling IDs for all UEs. 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;
-	 given by
-	if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE is provided


Observation 2: The NW is highly likely not to configure such parameter and cell ID will be used, or simply configure the same scrambling IDs for all UEs.
[bookmark: _Hlk131694270]For the  information, in Rel-16, the low PAPR DMRS sequence generation method is introduced which enables different DMRS symbol in different CDM groups. As shown above, this method is triggered by the presence of higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE, which is optional for the BS to include as per TS38.331. In our understanding, if supported, the BS can configure the dmrs-Downlink IE to reduce the DMRS PAPR for all UEs in the cell. However, if the co-scheduled UE is in Rel-15 that cannot apply the configured , it may still lead to different DMRS sequence for the UEs on different CDM groups.
Therefore, it is proposed RAN4 to discuss whether the above situation could be valid in practical and if so, discuss whether UE could perform blind detection for 
[bookmark: _Hlk131754313]For the other DMRS configuration information configured by DMRS-DownlinkConfig IE including DMRS type, DMRS additional position and the maximum length, we believe it should be always the same with that of the target UE in practical network.
Observation 3: For the  information, if supported, the BS can configure the dmrs-Downlink IE to reduce the DMRS PAPR for all UEs in the cell. However, if the co-scheduled UE is in Rel-15 that cannot apply the configured , then it may still lead to different DMRS sequence for the UEs on different CDM groups.
Proposal 4: UE can assume the  for all co-scheduled UEs are the same with that of the target UE.
Proposal 5: RAN4 to discuss whether the situation in Observation 2 could be valid in practical and if so, discuss whether UE could perform blind detection for ∈{0,1}
Proposal 6: Assume the DMRS type, DMRS additional position and the maximum length information is the same with that of the target UE.

The DMRS port assignment and the precoding granularity for the co-scheduled UE
	Status in the WF in [1]:
The DMRS port information for the co-scheduled UE
· Whether this information is needed:
· UE should know the DMRS port information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling
Precoding granularity for the co-scheduled UE
· Whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Other options are not precluded



Both of the DMRS port assignment and precoding granularity information is important for the UE to perform correct channel estimation for the co-scheduled UE.
[bookmark: _Hlk131755814]For the DMRS port assignment information for the co-scheduled UE, we think the blind DMRS port detection should firstly be studied considering the complexity is not high. In the example case as shown in Figure 2, the target UE will detect at most 7 co-scheduled DMRS ports by trying to solve OCC for each port, i.e., UE will observe high power by applying [+1 +1 -1 -1] to detect DMRS port 1, and will observe low power by applying [+1 -1 -1 +1] to detect DMRS port 7.
[bookmark: _Hlk131755938]In addition, unaligned precoding granularity for different UEs, which could be occurred by different PRB bundling size configuration or different PRB allocation as illustrated in Figure 3, will lead to incorrect channel estimation for the co-scheduled UE. Therefore, it is proposed to study the feasibility of per PRB blind DMRS port detection based channel estimation for the co-scheduled UE.
Observation 4: The complexity of the blind DMRS port detection is not high. However, unaligned precoding granularity for different UEs, will lead to incorrect channel estimation for the co-scheduled UE.
[bookmark: _Hlk131755997]Proposal 7: RAN4 should firstly study the feasibility of per PRB blind DMRS port detection based channel estimation for the co-scheduled UE.

	
	

	
	

	
	

	
	


Figure 2. DMRS mapping from both target and co-scheduled UEs (DMRS type 1 with symbol number = 2)

[bookmark: _Hlk131767631]The DMRS power boosting and transmission power of the co-scheduled UE
As per TS38.214 as shown below, for each UE, the ratio of PDSCH EPRE to DM-RS EPRE is simply determined by the DMRS configuration type and the number of CDM group without data. In other words, the UE will be acknowledged whether DMRS power boosting is enabled directly by its own DMRS configuration.
As proposed above, we believe all UEs that selected for MU-MIMO transmission for the same slot, will have the same DMRS configuration type as well as the DMRS CDM group configuration, consequently, the target UE could simply assume the same ratio of PDSCH EPRE to DM-RS EPRE for the co-scheduled UE. As a result, the target UE could obtain the transmission power of the co-scheduled PDSCH by measuring the co-scheduled DMRS, rather than indicated the power ratio of co-scheduled PDSCH to its own PDSCH.
	Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB





Observation 5: The target UE could obtain the transmission power of the co-scheduled PDSCH by measuring the co-scheduled DMRS with applying the same ‘PDSCH EPRE to DM-RS EPRE’ as the target UE.
Proposal 8: With the same DMRS configuration type as well as the same DMRS CDM group configuration, whether DMRS power boosting is enabled should be the same for both target and the co-scheduled UE.
Proposal 9: There is no need for the target UE to be indicated the transmission power ratio of co-scheduled PDSCH to own PDSCH.

Time domain resource allocation of the co-scheduled PDSCH/PDCCH
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.
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
Proposal 10: 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.

Frequency domain resource allocation of the co-scheduled PDSCH
The uneven inter-user interference caused by different PDSCH resource allocation in the frequency domain for the target and co-scheduled UEs, will lead to performance degradation.
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.
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, could be solved by UE performing per PRB detection to the co-scheduled DMRS port as proposed above.
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Figure 3. Different PRBs could be scheduled for the target and co-scheduled UEs
Observation 6: In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and different channel condition on each PRB.
Proposal 11: RAN4 to discuss whether frequency domain uneven IUI caused by different PRB allocation could be solved by UE performing per PRB detection to the co-scheduled DMRS port. Considering the following scenario:
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation with 16QAM transmission.
· Co-scheduled UE2 with PRB40~51 allocation with QPSK transmission.

Modulation order of the co-scheduled UE for R-ML receiver
[bookmark: _Hlk127452851]In the last meeting, we have reached consensus that UE with R-ML receiver should know the modulation order for the co-scheduled UE.
	Status in the WF in [1]:
The modulation order information of the co-scheduled UE
· Whether this information is needed:
· UE with R-ML should know the modulation order information for each co-scheduled layer
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling the modulation order information
· Option 3: Introduce the following signaling to reduce the search space
· MCS Table for each co-scheduled UE;
· Number of co-scheduled UEs in each slot on each RB


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 7: 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 12: RAN4 to discuss whether the UE could obtain such information by detection methods.

RS location information of the co-scheduled UE
In the last meeting, companies have identified that the different RS location configuration for different UEs could also lead to uneven IUI because only QPSK is used for the reference signal.
However, in practical, 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 thus we propose not to consider such situation.
Proposal 13: Not to consider the uneven inter-user interference caused by different RS location configuration and UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.

Signaling for the network assistant information (If introduced)
In the last meeting, companies have proposed different carriers of the new network assistant signaling:
	Status in the WF in [1]:
Signaling for the network assistant information (If introduced)
· Option 1: RRC and MAC-CE signaling
· Option 2: DCI


On the one hand, DCI should be the optimal method since the MU-MIMO UE scheduling is dynamic and could be changed each slot. However, on the other hand, considering there have been potentially plenty of information to be signaled (modulation order, resource allocation and so on), it is impossible for the DCI to carry each of the information as above.
The bit payload would not be a bottleneck if the NWA could be conveyed by RRC and/or MAC CE signaling. However, in that way, the BS MU-MIMO scheduling is not expected to change before receiving the next NWA signaling. In addition, by higher layer signaling NWA, the BS will have to decide the MU-MIMO scheduling on slot n in advance before slot n-x, where x could be in a few ms (for MAC CE) or even hundred ms (for RRC).
Considering the above, the middle way is that some of the information could be carried by DCI and others could be carried by higher layer. Therefore, it is recommended that RAN4 to discuss the signaling for each of the above information separately.
Proposal 14: For the needed information to be signaled, RAN4 to discuss whether some of the information could be carried by DCI and others could be carried by higher layer.
3. Conclusion
Proposal 1: Study the required information and introduce necessary signaling if needed, to ensure the UE could perform R-ML receiving for all co-scheduled layers.
Proposal 2: For the required information and possible other WG impact discussion, in general:
-	For the corner cases which are seldom occurred in practical, not to consider the related parameters in the NWA and UE can simply apply a default assumption.
-	For the parameters that agreed to be needed, discuss whether there could be other methods to obtain such information, e.g., by blind detection, where the performance loss should be studied.
-	Consider NWA for the information that blind detection could not be feasible.
Observation 1: The presence of co-scheduled UE information could be obtained by several methods, thus UE may not need additional detection process or extra bit for this single information.
-	Obtained simultaneously while UE performing blind detection to the co-scheduled DMRS port;
-	Could be indicated while configured other parameters in the NWA (if introduced)
Proposal 3: FFS on how presence of co-scheduled UE information could be obtained, after we have reached consensus on other issues including the DMRS port information and NWA contents (if introduced).
Observation 2: The NW is highly likely not to configure such parameter and cell ID will be used, or simply configure the same scrambling IDs for all UEs.
Observation 3: For the  information, if supported, the BS can configure the dmrs-Downlink IE to reduce the DMRS PAPR for all UEs in the cell. However, if the co-scheduled UE is in Rel-15 that cannot apply the configured , then it may still lead to different DMRS sequence for the UEs on different CDM groups.
Proposal 4: UE can assume the  for all co-scheduled UEs are the same with that of the target UE.
Proposal 5: RAN4 to discuss whether the situation in Observation 2 could be valid in practical and if so, discuss whether UE could perform blind detection for ∈{0,1}
Proposal 6: Assume the DMRS type, DMRS additional position and the maximum length information is the same with that of the target UE.
Observation 4: The complexity of the blind DMRS port detection is not high. However, unaligned precoding granularity for different UEs, will lead to incorrect channel estimation for the co-scheduled UE.
Proposal 7: RAN4 should firstly study the feasibility of per PRB blind DMRS port detection based channel estimation for the co-scheduled UE.
Observation 5: The target UE could obtain the transmission power of the co-scheduled PDSCH by measuring the co-scheduled DMRS with applying the same ‘PDSCH EPRE to DM-RS EPRE’ as the target UE.
Proposal 8: With the same DMRS configuration type as well as the same DMRS CDM group configuration, whether DMRS power boosting is enabled should be the same for both target and the co-scheduled UE.
Proposal 9: There is no need for the target UE to be indicated the transmission power ratio of co-scheduled PDSCH to own PDSCH.
Proposal 10: 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.
Observation 6: In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and different channel condition on each PRB.
Proposal 11: RAN4 to discuss whether frequency domain uneven IUI caused by different PRB allocation could be solved by UE performing per PRB detection to the co-scheduled DMRS port. Considering the following scenario:
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation with 16QAM transmission.
· Co-scheduled UE2 with PRB40~51 allocation with QPSK transmission.
Observation 7: 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 12: RAN4 to discuss whether the UE could obtain such information by detection methods.
Proposal 13: Not to consider the uneven inter-user interference caused by different RS location configuration and UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal 14: For the needed information to be signaled, RAN4 to discuss whether some of the information could be carried by DCI and others could be carried by higher layer.
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