[bookmark: Title][bookmark: DocumentFor][bookmark: _Toc193024528][bookmark: OLE_LINK23]3GPP TSG-RAN WG4 Meeting # 108-bis	R4-2315978
Xiamen, China, Oct.9th – Oct.13th, 2023


[bookmark: OLE_LINK25]Title: 	Discussions on NWA and Receiver assumption for advanced receiver for MU-MIMO 
Source: 	Huawei, HiSilicon
Agenda item:	5.18.2.1
Document for:	Discussion
Background
At last meeting, a WF [1] on advanced receiver for MU-MIMO receiver was agreed. In contribution, we provide our views on open issues related to NWA and receiver assumption
Discussions
Receiver assumption  
Selection of reference receiver
One issue is receiver type for requirements definition, candidate options are listed below:
	· Down select to R-ML as the reference receiver.
· The above decision can be revisited in case DCI-based assistant signalling cannot be introduced in RAN1.
· Detailed test set-up for R-ML receiver will be further discussed and decided during performance requirements introduction phase. 
· FFS whether test cases need to be introduced for cases which R-ML receiver not applicable


Considering RAN1 has agreed to implement the DCI signalling on modulation order of co-scheduled UE, we can confirm R-ML as receiver assumption for phase II requirements definition and E-MMSE-IRC should be precluded. We don’t know how to understand the “FFS whether test cases need to be introduced for cases which R-ML receiver not applicable” since with the assistance of RRC and DCI signalling, we don’t see any scenario which R-ML is not applicable for.
Proposal 1: Only select R-ML receiver for requirements definition in phase II.

Additional assumptions to the R-ML receiver
One issue is about additional assumptions to the R-ML receiver, candidate options are listed as below:
	· From R-ML receiver feature introduction perspective (e.g., applicable scenarios/assumption for signaling introduction):
· Option 1: define the applicability of the corresponding test cases for three types of UEs respectively based on UE declaration. 
· Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· Option 2: define the applicability of the corresponding test cases for the three types of UEs respectively based on UE capability reporting.
· Other options are not precluded
· FFS any restriction needs or not including DMRS pattern, and maximum number of layers need to handle with R-ML receiver 
· From RAN4 requirements test set-up perspective, introducing test cases, with DMRS configuration type 1 with length 1


Firstly, R-ML receiver has two types which should be discussed separately: with modulation order detection and without modulation order detection due to the large difference of complexity. For R-ML receiver without modulation order detection, there is no R-ML processing difference compared with SU-MIMO scenario which has been considered for Rel-15 R-ML requirements definition. It’s proposed to reuse the assumptions for R-ML receiver on SU-MIMO scenario to MU-MIMO and no need to define the additional applicability rules and UE declarations:
2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Proposal 2: For R-ML receiver without modulation order detection for MU-MIMO, define following assumptions:
2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
For case with modulation order detection (If the requirements is introduced), we propose to define the following assumptions based on UE’s declaration.
Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Proposal 3: For R-ML receiver with modulation order detection for MU-MIMO (If the requirements is introduced), define following assumptions based on UE’s declaration:
Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver

RRC signalling 
The DMRS port information for the co-scheduled UE
One issue is whether to introduce DMRS port information of co-scheduled by RRC signalling. 
	· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 2: Introduce the assistant RRC signalling such as upper bound on number of ports of co-scheduled UEs to be detected


Multiplexing between Rel-18 DMRS configuration UE and Rel-15 DMRS UE is supported in Rel-18. If target UE is a Rel-15 UE, it’s can’t be precluded that this UE can perform DMRS interference detection based on Rel-18 DMRS configuration (OCC Length=4) besides traditional DMRS port detection (OCC Length=2). So it’s beneficial to indicate whether there is UE with Rel-18 DMRS configuration in the whole cell existing. If  no such UE exists, target UE can disable the Rel-18 DMRS port based detection and fallback to the traditional detection to save the power.
Observation 1: It’s likely that a target R15 UE is co-scheduled with a Rel-18 DMRS configuration UE
Proposal 4: Introduce RRC signalling to indicate whether there is UE with Rel-18 DMRS configuration in the whole cell existing.
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Frequency domain resource allocation type for the co-UE and the target UE
One issue is whether to introduce frequency domain resource allocation type for the co-scheduled UE:
	· Candidate options
· Option 1: UE assume the same frequency domain resource allocation type for target and co-UE, and introduce 1-bit RRC signalling to indicate if default assumption not valid
· Option 2: Not to have this assumption


We give our analysis as follows:
If all paired UEs are configured with downlink resource allocation type0, since different UEs may have different BWP size, the RBG size can be different, which makes the resource allocation of co-scheduled UE(s) unknown. Therefore, this information is meaningless.
If all paired UEs are configured with downlink resource allocation type1, since different UEs have different start RB and RB length, the resource allocation of co-scheduled UE(s) is unknown. Therefore, this information is meaningless. 
Furthermore, “PRG aligned” related RRC signalling already guarantees UE perform interference cancellation per PRG, which is the maximum granularity that can be achieved since different PRG have different precoding. 
Proposal 5: Don’t introduce the information of resource allocation type for the co-scheduled UEs

Modulation order information (RRC based assistant signalling)
One issue is RRC signalling on modulation order information, the candidate options are listed below:
	· Candidate options on RRC based assistant signaling details:
· Option 1: 2-bit RRC signaling to indicate MCS table or maximum modulation order of co-UEs
· Option 2: 1-bit RRC signalling to indicate whether the 1024-QAM MCS table is used or not for the co-scheduled UE
· Option 3: 1 bit indicates that in the whole cell, max MCS table for all the UEs is below 1024QAM


Firstly, we would like to mention that a co-scheduled UE(s) has 1024QAM MCS table configured is not equivalent to that this UE will be actually configured with 1024QAM on MU-MIMO scenario. 
Our concern for option 1 and 2 is that MCS table information of co-scheduled UEs could be dynamically changed. For example, in some slots, co-scheduled UE1 with 1024QAM table configured is scheduled with QPSK, in other slots, co-scheduled UE2 with 64QAM configured is scheduled with QPSK, which can result in frequent re-configuration of RRC signalling. On the other hand, the upper bound of modulation order actually configured for co-scheduled UEs depending on scheduling strategy could be constant. For example, 1024QAM may be not used for MU-MIMO scenario in most times. Therefore, it’s reasonable for RRC signalling to indicate the maximum modulation order of co-scheduled UEs. E.g. 1 bit indicates {below 1024QAM or 1024QAM} 
Observation 2: MCS table information could be dynamically changed since different UE with different MCS table could be co-scheduled. Instead, upper bound of modulation order actually configured for co-scheduled UEs depending on scheduling strategy could be constant.
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Overviews of RRC signalling 
We would like to clarify that RRC signalling should always be present to explicitly indicate each information. Otherwise, UE doesn’t know if the information is true or BS doesn't implement this feature if the RRC signalling is not present. Therefore, it’s proposed to not introduce the wording ”default assumption”, we propose the following wording:
	· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether 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.
· For the target and any co-scheduled UEs with the same DMRS sequence, whether the number of DM-RS CDM group without data of the co-scheduled UE is the same as target UE
· For the target and any co-scheduled UEs with the same DMRS sequence, whether the time domain resource allocation of the co-scheduled UE is the same as target UE
· For all co-scheduled UEs with the same DMRS sequence as target UE, whether the configured highest modulation order is 1024QAM or below 1024QAM


Proposal 7:  Capture the following in the LS to RAN2:
 For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether 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.
For the target and any co-scheduled UEs with the same DMRS sequence, whether the number of DM-RS CDM group without data of the co-scheduled UE is the same as target UE
For the target and any co-scheduled UEs with the same DMRS sequence, whether the time domain resource allocation of the co-scheduled UE is the same as target UE
For all co-scheduled UEs with the same DMRS sequence as target UE, whether the configured highest modulation order is 1024QAM or below 1024QAM

UE Capability 
In last meeting, RAN4 agreed to introduce the capability of supporting R-ML advanced receiver. Following candidate capabilities were left for discussion:
	· R-ML with modulation order blind detection
· Maximum number of layers of co-UE or total number of layers for joint detection
· Maximum number of DMRS ports for blind detection
· Maximum modulation orders of interfering DMRS ports supported


Firstly, the agreement “Supporting MU-MIMO advanced receiver is an optional feature with capability signalling” should be revised to “Supporting R-ML receiver is an optional feature with capability signalling” to clarify the receiver type in the capability definition. Secondly, we don’t think such finer capabilities are useful for scheduling strategy in the real work. Too many diverse UE capability will complicate BS scheduling for MU-MIMO and maybe BS will finally give up to support this feature. One general UE capability of support R-ML advanced receiver or not with other assistant signalling is enough.
Proposal 8: RAN4 to define an optional feature with capability signalling that supporting R-ML receiver for MU-MIMO
Proposal 9: Don’t introduce the UE capability related to number of DMRS ports and modulation order detection
DCI signalling 
RAN 1 raised some questions about DCI signalling on modulation order in the Reply LS [2], which are captured as follows:
	· Question 1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
· Question 2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
· Question 3: Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2? 
· Question 4: Whether the new signaling in DCI is supported when the RRC codeBlockGroupTransmission is configured?
· Question 5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
· Question 6: In the content corresponding to “Bit field mapped to index” =6, whether or not the phrase “In each individual PRB allocated to the target UE, the following condition is satisfied” should be replaced by “In each individual PRB PRG allocated to the target UE, the following condition is satisfied”?
· Question 7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.


We provide our comments as follows:
Question 1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
Our understanding is that it is beneficial to introduce this new signalling in DCI format 1_2 to cover more scenarios such as URLLC. Considering that it is possible to schedule MU-MIMO under URLLC scenario, introduction of this signalling provides BS more opportunity to guarantee the network performance.
Proposal 10: Introduce this new signalling in DCI format 1_2

Question 2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
Multi-TRP schemes have following types: FDM, TDM, NCJT with multi-DCI, NCJT with single DCI, CJT
For FDM and TDM, there are no R-ML processing difference compared to single TRP, we think this new signalling can be supported.
If a UE is operating on NCJT with single DCI, two TRPs transmits different layers with two TCI states activated, it’s required to perform channel estimation for co-scheduled UE(s) with two TCI states (With two channel characteristic parameters), which is more complicated than that on single TRP scenario, considering RAN4 didn’t evaluate the performance and implementation complexity, we prefer to preclude this scenario.
If a UE is operating on NCJT with multi-DCI, two TRPs transmits two codewords, which also bring large complexity to the UE since the decoding times is doubled. Meanwhile, there are more advanced receiver options besides E-MMSE-IRC and R-ML such as CW-IC (UE cancel the interference by reconstructing the interference symbols corresponding to another codeword which is decoded successfully), which means R-ML may not be the optimal receiver. Hence we propose to preclude this scenario.
If a UE is operating on CJT, up to four TRPs transmit same PDSCH with one or two TCI states activated, for one TCI state activated, there is no processing difference compared to that on single TRP operation. But for two TCI states activated, same logic as NCJT with single-DCI, the channel estimation for co-scheduled UE is more complicated. We prefer to include the CJT scenario with one TCI state activate and preclude the scenario with two TCI states activated. 
Hence we propose the following:
Proposal 11: Introduce the signalling in DCI to following multi-TRP schemes: FDM, TDM, CJT with one TCI state activated. Preclude the following scenarios: NCJT, CJT with two TCI states activated.

Question 3:Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2?
RAN1 has following restrictions for MU-MIMO scheduling in TS 38.214
	For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Clause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10, 23 or 24} in Table 7.3.1.2.2-3A and {2, 10, 23 or 58} in Table 7.3.1.2.2-4A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.


We can observe that it’s impossible to configure two codewords by one DCI on MU-MIMO scenario. So this new signalling in DCI is not supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2
Proposal 12: Don’t introduce this new signalling in DCI when RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2

Question 4: Whether the new signaling in DCI is supported when the RRC codeBlockGroupTransmission is configured?
We think this parameter has nothing to do with R-ML processing, so this signalling can be supported when the RRC codeBlockGroupTransmission is configured
Proposal 13: The new signalling in DCI is supported when the RRC codeBlockGroupTransmission is configured

Question 5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
There is no difference for R-ML processing between R15 DMRS and R18 DMRS. We propose to include this scenario
Proposal 14: This signalling is supported when Rel-18 DMRS is configured.

Question 6: In the content corresponding to “Bit field mapped to index” =6, whether or not the phrase “In each individual PRB allocated to the target UE, the following condition is satisfied” should be replaced by “In each individual PRB PRG allocated to the target UE, the following condition is satisfied”?
We don’t think such changes is needed. The analysis are shown as follows:
“Modulation PRG aligned” means in one PRG, all RBs and layers have same modulation order configured
“Modulation PRB aligned” means in one PRB, all layers have same modulation order configured.
The joint indication of DCI signalling “Modulation PRB aligned” and RRC signalling “Resource allocation PRG aligned” already facilitate the UE to decide what granularity is applied. However, if a UE capable of R-ML processing with per RB granularity is indicated with “Modulation PRG not aligned” (“Bit field mapped to index” =7), the UE can’t perform R-ML receiver because the UE has no idea whether modulation order of per PRB is aligned 
Observation 3: “Modulation PRG not aligned” based signalling will make some UEs capable of R-ML processing with per RB granularity lost the opportunity to perform R-ML receiver in case PRG is not aligned but PRB in the PRG is aligned.
Proposal 15: Keep the original wording, not replace “In each individual PRB allocated to the target UE, the following condition is satisfied…” by “In each individual PRG allocated to the target UE, the following condition is satisfied…”

Question 7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.
Based on our understanding, empty PRB without co-scheduled UE is allowed in all the PRBs considering this is a common scenario.
Proposal 16: For “Bit field mapped to index” =1/2/3/4/5“, empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.
Conclusion
In this contribution we provide our views on Network signalling and receiver assumptions for advanced receiver for MU-MIMO. The observations and proposals are:
Proposal 1: Only select R-ML receiver for requirements definition in phase II.
Proposal 2: For R-ML receiver without modulation order detection for MU-MIMO, define following assumptions:
2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Proposal 3: For R-ML receiver with modulation order detection for MU-MIMO (If the requirements is introduced), define following assumptions based on UE’s declaration:
Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Proposal 4: Introduce RRC signalling to indicate whether there is UE with Rel-18 DMRS configuration in the whole cell existing.
Proposal 5: Don’t introduce the information of resource allocation type for the co-scheduled UEs
Observation 1: It’s likely that a target R15 UE is co-scheduled with a Rel-18 DMRS configuration UE
Observation 2: MCS table information could be dynamically changed since different UE with different MCS table could be co-scheduled. Instead, upper bound of modulation order actually configured for co-scheduled UEs depending on scheduling strategy could be constant.
Proposal 6:  1 bit indicates the maximum modulation order of co-scheduled UEs with same DMRS sequence as target UE: {below 1024QAM or 1024QAM}.
Proposal 7:  Capture the following in the LS to RAN2:
 For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, whether 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.
For the target and any co-scheduled UEs with the same DMRS sequence, whether the number of DM-RS CDM group without data of the co-scheduled UE is the same as target UE
For the target and any co-scheduled UEs with the same DMRS sequence, whether the time domain resource allocation of the co-scheduled UE is the same as target UE
For all co-scheduled UEs with the same DMRS sequence as target UE, whether the configured highest modulation order is 1024QAM or below 1024QAM
Proposal 8: RAN4 to define an optional feature with capability signalling that supporting R-ML receiver for MU-MIMO
Proposal 9: Don’t introduce the UE capability related to number of DMRS ports and modulation order detection
Proposal 10: Introduce this new signalling in DCI format 1_2
Proposal 11: Introduce the signalling in DCI to following multi-TRP schemes: FDM, TDM, CJT with one TCI state activated. Preclude the following scenarios: NCJT, CJT with two TCI states activated.
Proposal 12: Don’t introduce this new signalling in DCI when RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2
Proposal 13: The new signalling in DCI is supported when the RRC codeBlockGroupTransmission is configured
Proposal 14: This signalling is supported when Rel-18 DMRS is configured.
Observation 3: “Modulation PRG not aligned” based signalling will make some UEs capable of R-ML processing with per RB granularity lost the opportunity to perform R-ML receiver in case PRG is not aligned but PRB in the PRG is aligned.
Proposal 15: Keep the original wording, not replace “In each individual PRB allocated to the target UE, the following condition is satisfied…” by “In each individual PRG allocated to the target UE, the following condition is satisfied…”
Proposal 16: For “Bit field mapped to index” =1/2/3/4/5“, empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.
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