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Introduction
In this contribution, we provide our view on the R18 demod enhancement on MU-MIMO. 
Discussion
[bookmark: _Hlk78385107]Reply to RAN1 LS
RAN1 asked a few questions in the LS [1], and we have the following observations corresponding to the questions related to DCI signaling applicable scope:
Observation 1: DCI 1_2 and codeBlockGroupTransmission feature are designated mainly to URLLC applications, and MU-MIMO may not be suitable for URLLC since the interference can very likely introduce error floors and degrade the reliability. 
Observation 2: mTRP has multiplexing of different TRPs on spatial domain, and MU-MIMO also has multiplexing of different co-scheduled UEs on spatial domain. In practice, it is too complicated for the network to coordinate spatial multiplex among different TRPs together with different co-scheduled UE; similarly, it is also too complicated for UE to joint processing layers from different TRPs and co-scheduled UEs, and therefore we don’t see a realistic use case/scenario for mTRP and MU-MIMO scheduled at the same time.
Observation 3: MU-MIMO is not supported for two codeword transmission..
Observation 4: R18 DMRS enhancement brings a larger overhead into DCI, and the enhancement focuses mostly on >4L transmissions, which is out of RAN4 MU-MIMO enhancement discussion scope (on <=4L cases). 
Proposal 1: Based on the above observations, we propose the answers to the first five questions related to DCI signaling applicability scope in the following:
(1) Do not introduce MU-MIMO DCI signaling to DCI 1_2 format.
(2) MU-MIMO DCI signaling is not supported for one or more DL multi-TRP schemes.
(3) Since MU-MIMO is not supported for two codeword transmission, the MU-MIMO DCI signaling is not supported when maxNrofCodeWordsScheduledByDCI is configured as 2.
(4) MU-MIMO DCI signaling is not supported when codeBlockGroupTransmission is configured
(5) MU-MIMO DCI signaling is not supported when R18 DMRS is configured.

For the questions related to DCI signaling description, we have the following observations and proposals:
Observation 5: 
· We already agree that PRG alignment is a common case and is a necessary condition for R-ML receivers.
· Indexes 1-5 target the target UEs without detection capability, we may consider aligned PRG allocation between target and co-scheduled UEs to address both co-scheduled UE and modulation order detection.
Proposal 2: For DCI signaling description clarification, we propose the following
· We propose to revise “PRB” in index 1-6 to “PRG”.
· We propose the following wording change for clarification for index 1-5:
All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK transmission.
For index 1-5, in addition to questions asked by RAN1, we additionally observe the following issues:
Observation 6: We observe the following issue that prevent UE vendors from implementing blind modulation order detection because it leads to a worse performance then UEs without blind modulation order support
· When there are UEs with and without the capability of blind modulation order detection served by the same network, the network MU-MIMO scheduling scheme may unintentionally punish the blind modulation order detection capable UE by 
· allocating the resources with aligned modulation order to the UEs without blind modulation capability and signaling the interfering modulation order
· while allocating the resources with misaligned modulation order to UEs with blind modulation detection capability and without signaling the interfering modulation order directly. 
· Then the UE with blind modulation order detection capability may have worse performance and throughput than the UE without blind detection due to possible miss detection of modulation order. 
· This may lead to so called “Bad money drives out good” scenario that disincentivizes UE vendors to implement blind modulation order detection since it leads to a worse performance instead of better, and we end up with no UE supporting blind modulation order detection.
· Less or no UEs with blind modulation order detection makes the MU-MIMO scheduling on the network side more complicated with more constraints, and may degrade the system performance and MU-MIMO gain when network can’t optimize the scheduling due to limitation on modulation order matching. 
We provide an example below to show the disadvantage of blind modulation order detection UEs:
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To encourage more UEs to implement blind modulation order detection, we propose the following revision to the DCI signaling agreed in the previous meeting:
Proposal 3: We propose the following revision for MU-MIMO DCI signaling
	Bit field mapped to index
	Content

	00
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	01
	All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, have the same modulation order.

	10
	In each individual PRG allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist

	11
	Others



RRC network assistant signaling
Proposal 4: Based on the agreement in the previous meeting, we propose the following text for LS to RAN2 explaining the RAN4 agreed RRC signaling:
A dedicated RRC based signaling parameter is signalled to UE to indicate the information in each of the bullets separately
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether the target UE can assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
· 1024QAM MCS table, or 
· Smaller MCS table than 1024QAM MCS table: can be 256QAM or 64QAM MCS table
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895, is configured by RRC signalling.
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
A draft of LS description is included in Appendix.
Proposal 5: RRC signaling design on whether to signal the information explicitly on dedicated RRC messages can leave to RAN2 decision, as long as there is no ambiguity on whether the assumptions hold or not regardless of network’s support on sending the RRC signaling from UE perspective. 
UE Declaration and Capability
We have the following observation for capability granularity from band perspective:
Observation 7: The maximum processing capability can limit the number of carriers that can be supported for R-ML receiver. However, the maximum number of carriers can be bandwidth dependent, and signaling of such capability can be complicated. In addition, it’s not obvious how network can determine the scheduling by taking account cross UE grants information (for spatial multiplexing of MU-MIMO) together with cross carrier information (to account for maximum carrier UE can support condition on certain BW).
Based on the above observation, we have the following proposal:
Proposal 6: For R-ML receiver capability granularity from supporting bands perspective, align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only, with the common understanding that UE may have limited processing resources to support R-ML on all the carriers in the carrier aggregation cases with larger bandwidths on component carriers.
Observation 8: An alternative to avoid the performance degradation of blind modulation order detection capable UE w.r.t. the blind modulation order detection incapable UE is to eliminate the blind modulation order detection capability and consider UE declaration instead. If the capability is not reported, it is guaranteed that a blind modulation order detection capable UE has the same chance to receive co-scheduled UE modulation order signaling as other R-ML UEs. With equal probability to receive co-scheduled UE modulation order signaling, the blind modulation order detection capable UE can in average outperform other R-ML UEs.
Proposal 7: Support of blind modulation detection is based on UE declaration, do not introduce capability signaling.
For the rest of the capability discussion, we have the following proposal for structuring the discussion and our own preferences:
Proposal 8: We propose to structure the R-ML receiver capability discussion in the following:
· RAN4 first establishes the capability full scope of R-ML receiver, i.e., the union of all the features that the different types of R-ML receivers within R18 MU-MIMO scope can support.
· Next, RAN4 decides whether to introduce finer granularities to signal or to declare different feature supports under the agreed R-ML scope.
· We also want to propose the following common understanding to simplify the discussion
· Assume supported total numbers of layers for co-scheduled UE detection, blind modulation order detection and R-ML demodulation are consistent (if the individual feature support is signaled/declared)
· Regardless of capability discussion outcome, the test scope is within DMRS symbol length = 1 and type 1 DMRS.

	
	R-ML feature scope
	Finer granularity with UE capability signaling
	Finer granularity based on UE declaration

	Blind modulation order detection
	Both with and without 
	No
	· With detection capability 
· Without detection capability

	Support of R18 DMRS
	Not covered
	No
	No

	Maximum number of total layers 
	Up to 4
*Assume supported total numbers of layers for co-scheduled UE detection, blind modulation order detection and ML demodulation are consistent (if the capability is supported)
	
	

	R15 DMRS length and type
	All covered when total number of layers is within 4
	Open to discuss if needed

	No

	Maximum number of interfering layers
	No limit as long as maximum number of total layers <= 4
	No
	No



Advanced MU-MIMO Receiver Simulations and Requirement Recommendations
We have the following observations and proposals for general setup of MU-MIMO demod tests:
Observation 9: UE can always run R-ML algorithm (even with the support of blind modulation order detection) only when all the following conditions are satisfied:
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, the target UE assumes the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· The DMRS power boosting configurations of all the DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· The time domain resource assignment for PDSCH symbols of all the DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 256QAM or 64QAM MCS table
· In each individual PRB allocated to the target UE: only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist.
· All the co-scheduled UE are DMRS sequence aligned.
Proposal 9: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE.
Proposal 10: When defining the requirement, the precoding matrices across co-scheduled UEs should be orthogonal given that it is a simple enhancement from the network to achieve a better performance in MU-MIMO scenarios.
For the test scope discussion, we suggest to first consider the DCI signaling and UE capabilities/reference receiver to decide the categories of tests, and then define tests in each category while checking if the same set of tests can apply to all the categories. Based on this methodology, we propose the following:
Proposal 11: We propose to consider the following categories of tests and list the corresponding receiver architecture:
	Type of DUT/
DCI signaling
	MOD detection supported
	MOD detection not supported

	DCI 1-5
	R-ML
	R-ML

	DCI 6
	R-ML
· Applicability of this test depends on UE capability/declaration
	E-LMMSE
· May have the same configuration as the corresponding R-ML test, but the SNR requirement can be different
· Pending on the following FFS: whether test cases need to be introduced for cases which R-ML receiver not applicable


We also propose to have the same test configurations for the two rows except different DCI signaling (using a slightly different DCI signaling applicability scope of each code point without violating the definition) to simplify the test configurations. Note that DCI 6 can be tested by the identical tests with two sets of requirements. Therefore, we have a common test set for all the entries above except DCI signaling and SNR requirements.
Proposal 12: For the common test set proposed above, we propose the following configurations besides the common ones proposed above
· Full allocation, 1 co-scheduled UE, and the co-scheduled UE modulation order is smaller than the target UE modulation order to achieve better R-ML receiver gain. Note that test 1 is needed only when there is R-ML receiver with support of total number of layer = 2. Otherwise, test 2 is sufficient. 

	Test
	Rank/DMRS
	Serving MCS
	Intf MCS
	Channel

	1*
	1+1
	13 (16QAM)
	QPSK
	TDL-C 300ns 100Hz

	2
	2+2
	17 (64QAM)
	16QAM
	TDL-A 30ns 10Hz



Conclusion
Proposal 1: Based on the above observations, we propose the answers to the first five questions related to DCI signaling applicability scope in the following:
(1) Do not introduce MU-MIMO DCI signaling to DCI 1_2 format.
(2) MU-MIMO DCI signaling is not supported for one or more DL multi-TRP schemes.
(3) Since MU-MIMO is not supported for two codeword transmission, the MU-MIMO DCI signaling is not supported when maxNrofCodeWordsScheduledByDCI is configured as 2.
(4) MU-MIMO DCI signaling is not supported when codeBlockGroupTransmission is configured
(5) MU-MIMO DCI signaling is not supported when R18 DMRS is configured.

Proposal 2: For DCI signaling description clarification, we propose the following
· We propose to revise “PRB” in index 1-6 to “PRG”.
· We propose the following wording change for clarification for index 1-5:
All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK transmission.
Proposal 3: We propose the following revision for MU-MIMO DCI signaling
	Bit field mapped to index
	Content

	00
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	01
	All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, have the same modulation order.

	10
	In each individual PRG allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist

	11
	Others



Proposal 4: Based on the agreement in the previous meeting, we propose the following text for LS to RAN2 explaining the RAN4 agreed RRC signaling:
A dedicated RRC based signaling parameter is signalled to UE to indicate the information in each of the bullets separately
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether the target UE can assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
· 1024QAM MCS table, or 
· Smaller MCS table than 1024QAM MCS table: can be 256QAM or 64QAM MCS table
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895, is configured by RRC signalling.
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
A draft of LS description is included in Appendix.
Proposal 5: RRC signaling design on whether to signal the information explicitly on dedicated RRC messages can leave to RAN2 decision, as long as there is no ambiguity on whether the assumptions hold or not regardless of network’s support on sending the RRC signaling from UE perspective. 
Proposal 7: Support of blind modulation detection is based on UE declaration, do not introduce capability signaling.
Proposal 6: For R-ML receiver capability granularity from supporting bands perspective, align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only, with the common understanding that UE may have limited processing resources to support R-ML on all the carriers in the carrier aggregation cases with larger bandwidths on component carriers.
Proposal 8: We propose to structure the R-ML receiver capability discussion in the following:
· RAN4 first establishes the capability full scope of R-ML receiver, i.e., the union of all the features that the different types of R-ML receivers within R18 MU-MIMO scope can support.
· Next, RAN4 decides whether to introduce finer granularities to signal or to declare different feature supports under the agreed R-ML scope.
· We also want to propose the following common understanding to simplify the discussion
· Assume supported total numbers of layers for co-scheduled UE detection, blind modulation order detection and R-ML demodulation are consistent (if the individual feature support is signaled/declared)
· Regardless of capability discussion outcome, the test scope is within DMRS symbol length = 1 and type 1 DMRS.

	
	R-ML feature scope
	Finer granularity with UE capability signaling
	Finer granularity based on UE declaration

	Blind modulation order detection
	Both with and without 
	No
	· With detection capability 
· Without detection capability

	Support of R18 DMRS
	Not covered
	No
	No

	Maximum number of total layers 
	Up to 4
*Assume supported total numbers of layers for co-scheduled UE detection, blind modulation order detection and ML demodulation are consistent (if the capability is supported)
	No
	No

	R15 DMRS length and type
	All covered when total number of layers is within 4
	Open to discuss if needed

	No

	Maximum number of interfering layers
	No limit as long as maximum number of total layers <= 4
	No
	No



Proposal 9: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE.
Proposal 10: When defining the requirement, the precoding matrices across co-scheduled UEs should be orthogonal given that it is a simple enhancement from the network to achieve a better performance in MU-MIMO scenarios.
Proposal 11: We propose to consider the following categories of tests and list the corresponding receiver architecture:
	Type of DUT/
DCI signaling
	MOD detection supported
	MOD detection not supported

	DCI 1-5
	R-ML
	R-ML

	DCI 6
	R-ML
· Applicability of this test depends on UE capability/declaration
	E-LMMSE
· May have the same configuration as the corresponding R-ML test, but the SNR requirement can be different
· Pending on the following FFS: whether test cases need to be introduced for cases which R-ML receiver not applicable


We also propose to have the same test configurations for the two rows except different DCI signaling (using a slightly different DCI signaling applicability scope of each code point without violating the definition) to simplify the test configurations. Note that DCI 6 can be tested by the identical tests with two sets of requirements. Therefore, we have a common test set for all the entries above except DCI signaling and SNR requirements.
Proposal 12: For the common test set proposed above, we propose the following configurations besides the common ones proposed above
· Full allocation, 1 co-scheduled UE, and the co-scheduled UE modulation order is smaller than the target UE modulation order to achieve better R-ML receiver gain. Note that test 1 is needed only when there is R-ML receiver with support of total number of layer = 2. Otherwise, test 2 is sufficient. 

	Test
	Rank/DMRS
	Serving MCS
	Intf MCS
	Channel

	1*
	1+1
	13 (16QAM)
	QPSK
	TDL-C 300ns 100Hz

	2
	2+2
	17 (64QAM)
	16QAM
	TDL-A 30ns 10Hz



Appendix: description of LS
Within the Release 18 work item on NR demodulation performance evolution (NR_demod_enh3), RAN4 has studied the required signalling overhead for the advanced receiver to cancel inter-user interference for MU-MIMO. Two candidate advanced receivers, E-MMSE-IRC and R-ML are included in the study.
Based on RAN4’s evaluation, RAN4 observes that the interference cancellation capability of R-ML receiver can improve performance in most scenarios. To enable the R-ML receiver implementation that can cancel inter-user interference correctly with feasible complexity, RAN4 agreed to introduce the network assistant signalling to explicitly indicate the essential configuration information related to the co-scheduled UE(s) as captured in the following.
A dedicated RRC based signaling parameter is signalled to UE to indicate the information in each of the bullets separately:
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether the target UE can assume the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
· 1024QAM MCS table, or 
· Smaller MCS table than 1024QAM MCS table: can be 256QAM or 64QAM MCS table
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895, is configured by RRC signalling.

