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1. Introduction
In RAN4 #108 meeting we discuss the advanced receiver to cancel inter-user interference for MU-MIMO within the NR_demod_enh3-Core WI. As an outcome, the WF is approved in [1]. In addition, RAN1 has send a reply LS containing questions regarding the DCI-based network assistant signaling in [2]. 
In this paper, our views on the open issues for reference receiver assumption and required information are given.
2. RAN4 answers to the questions in the RAN1 reply LS
In [2], RAN1 has asked the following questions:
	In additional, RAN1 respectfully ask RAN4 to provide answers to the following questions. 
· 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.



Question 1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
We have agreed in the previous RAN4 LS to RAN1 [3] that the new DCI-based assistant signaling is limited to DCI format 1_1. In our understanding, DCI format 1_2 is introduced in Rel-16 for enhancement of URLLC, which is not precluded for MU-MIMO usage. In addition, many fields in both format 1_1 and 1_2 are the same.
Therefore, it is fine for us to extend the DCI-based assistant signaling to DCI format 1_2 for better coverage of this advanced UE feature.
Proposal 1: Fine to extend the DCI-based assistant signaling to DCI format 1_2 for better coverage of the advanced UE receiver.
Question 2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
Multi-TRP scheme is not coverred in the phase I study. Neither the specification impact nor performance gain of R-ML receiver under multi-TRP scenario is clear. Considering the limited time for the Rel-18 core part, it is proposed not to cover multi-TRP scenario for this DCI-based assistant signaling for R-ML receiver.
Proposal 2: Not to cover multi-TRP scenario for this DCI-based assistant signaling for R-ML receiver.

Question 3: Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2?
From the UE R-ML processing perspective, whether maxNrofCodeWordsScheduledByDCI can be configured as 2 mainly impacts the total layer number within the PDSCH transmission for the target UE.
Under the basic restriction that the target layer number does not exceed maxNumberMIMO-LayersPDSCH as defined in TS38.306, regardless of the total layer number or code word number, UE with R-ML can choose how many (target + co-scheduled) layers to be handled by R-ML according to its implementation, and use legacy receivers to deal with all the other layers.
Therefore, we think the new signaling in DCI should be supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2.
Proposal 3: The new signaling in DCI should be 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?
From the UE R-ML processing perspective, we do not see the relevance between R-ML receiving and code block group transmission, thus we think the new DCI can be supported when the RRC codeBlockGroupTransmission is configured for better coverage of this feature.
Proposal 4: The new DCI can be supported when the RRC codeBlockGroupTransmission is configured for better coverage.

Question 5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
The Rel-18 DMRS increases the number of DMRS ports and enables larger number of total co-scheduled layers for MU-MIMO scenario.
As discussed above, regardless of the total layer number, UE with R-ML can choose how many (target + co-scheduled) layers to be handled by R-ML according to its implementation, and use legacy receivers to deal with all the other layers. Therefore, it does not bring much additional complexity for the R-ML receiver to support Rel-18 DMRS. And we think the new signaling in DCI should be supported when Rel-18 DMRS is configured for better coverage. 
Proposal 5: The new signaling in DCI should be supported when Rel-18 DMRS is configured for better coverage.

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”?
In the previous meeting, we have agreed the RAN4 default assumption that ‘For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, the target UE assumes the 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.’ [1]
On the one hand, if the UE receives the DCI assistant signaling that ‘the same modulation order is allocated for both target and co-scheduled UE(s) in each individual PRB’ (bit index 6), in the scenario that the above default assumption is valid, the UE can simply assume the same modulation order is allocated in each individual PRG without additional assistant information. Because under the default assumption, in each PRG of the target UE, any co-scheduled UE if exists, should be allocated the same frequency domain resource with the same modulation order.
Observation 1: Under the scenario that the RAN4 default assumption on the co-scheduled UE resource allocation within each PRG of the target UE is valid, there is no difference using ‘In each individual PRG or PRB’.
On the other hand, under the scenario that the above RAN4 default assumption is not valid, it is difficult for the network to ensure the same modulation order is allocated in each PRG, because different co-scheduled UEs with different modulation orders can use different resources within a PRG of the target UE. 
Therefore, if we change the ‘In each individual PRB’ to ‘In each individual PRG’, under the scenario that the above RAN4 default assumption is not valid, the situation in bit index 6 is very rate and the network will most likely send index 7 instead.
Observation 2: If we change the ‘In each individual PRB’ to ‘In each individual PRG’, under the scenario that the above RAN4 default assumption is not valid, the situation in bit index 6 is very rate and the network will most likely send index 7 instead.
Consider the above, it is proposed to keep the original wording in the previous LS to RAN1.
Proposal 6: For bit index 6, do not change ‘In each individual PRB’ to ‘In each individual PRG’.

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.
In the previous RAN4 meetings, we agreed not to have additional default assumptions to the co-scheduled UE frequency domain resource allocation across different PRGs of the target UE, and it does not prevent the target UE from performing per PRG or per PRB detection to the co-UE, thus we think under the situation of bit index 1-5, empty PRB without co-scheduled UE is allowed.
Proposal 7: Under the situation of bit index 1-5, empty PRB without co-scheduled UE should be allowed.

Timeline for the RAN1 related core part
According to the RAN1 status report in [4], RAN1 could not finish their work before RAN4 feedback on the above questions which is expected to be available before RAN1#115:
	· NR demod performance evolution (RAN4-led): RAN1 was not able to complete the work as scheduled
· RAN1 requires additional info from RAN4 in order to finalize Rel-18 spec change (LS sent to RAN4)
· It is expected that the work can be completed in Q4 if RAN4 response is available before RAN1#115


Therefore, it is proposed to conclude the above questions and send reply LS to RAN1 within this meeting.
Proposal 8: Conclude the above questions and send reply LS to RAN1 within RAN4#108bis.
3. Discussion on the RAN2 related aspects
[bookmark: _Hlk127370807]3.1 Reference receiver assumptions
Selection of reference receiver
	Status in the WF in [1]:
Down select to R-ML as the reference receiver.
· The above decision can be revisited in case DCI-based assistant signaling 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



In [2], RAN1 has already agreed to introduce the new DCI based assistant signaling for R-ML receiver:
	RAN1 discussed this new DCI signalling and made the following agreement. 
Agreement
Implement the DCI signaling in R1-2306361 (R4-2309895) in RAN1 specifications with the following assumptions.
…


Thus we think we do not need to revisit the previous decision on the selection of the reference receiver. As for the detailed test parameters and test case design, it is proposed to be discussed in the test setup part.
Proposal 9: Do not need to revisit the previous decision on the selection of the reference receiver. Discuss the detailed test parameters and test case design in the test setup part.

Additional assumptions to the R-ML receiver
	Status in the WF in [1]:
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



We think the complexity of R-ML receiver mainly comes from R-ML processing itself especially for high rank and high modulation order situations. Thus it is fine for us to define different types of UEs that defines the minimum total layer number across target and co-scheduled UEs with R-ML processing. And at the same time, we think it is important to specify phase II demodulation requirements for each type of UE to be defined.
We do not see the necessity to inform the network the detailed layer number UE supported. Under the basic restriction that the target layer number does not exceed maxNumberMIMO-LayersPDSCH, the UE is able to perform legacy MMSE-IRC algorithm for all the remaining layers without bringing PDSCH decoding issues.
As for the restrictions for supported the DMRS configurations including DMRS type, symbol length and additional position, as discussed as above, after informed the existence information by DCI index 1~6, the UE can blindly detect which DMRS ports are used, with the RAN1 restriction that the same DMRS configuration as the target UE. Therefore, we propose not to have additional restrictions to the use cases for R-ML receiver at least for the feature design.
Proposal 10: Fine to define different types of UEs that defines the minimum total layer number across target and co-scheduled UEs with R-ML processing based on UE declaration, and specify phase II demodulation requirements for each type of UE to be defined.
Proposal 11: Not to have additional restrictions to the use cases for R-ML receiver at least for the feature design..

3.2 Required information for R-ML receiver
The DMRS port information for the co-scheduled UE
	Status in the WF in [1]
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



Firstly, we think in MU-MIMO transmission, the DMRS port allocation among UEs, as a consequence of the BS scheduling per slot, could be frequently changed. It is hard for the BS to indicate the UE some prior information about scheduling which could be valid hundreds of ms later.
Secondly, as we discussed above, the UE that receives the co-UE presence indication by the new DCI, will blindly detect the presence of co-scheduled UE per PRG and per potential DMRS port granularity. The complexity is not high since the same DMRS configuration including DMRS type, DMRS additional position, maximum length could be assumed.
Therefore, we propose not to introduce additional RRC based assistant signalling for UE to obtain the DMRS port information for the co-scheduled UE.
Proposal 12: Not to introduce additional RRC based assistant signalling for UE to obtain the DMRS port information for the co-scheduled UE.

RRC signaling details for the indication on whether the RAN4 default assumption is valid
In the last meeting, we have discussed the RRC signaling details for the indication on whether the RAN4 default assumption is valid.
	Status in the WF in [1]
On RRC signaling details:
· Option 1: Define RRC bit to indicate assumption information when the related RRC bit is set to true or false 
· Option 2: Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, up to RAN2 decision on the details
· Option 3: Define RRC signalling to indicate the above assumption information is valid or not


On the one hand, we would like to point it out that the situations where the default assumption is not valid rarely happens in the practical network. Therefore if we define this 1-bit RRC signaling as a mandatory information for UE to perform R-ML, in real networks, we believe most UEs will always receive ‘True’ for all the default assumptions, which is a waste of network signaling resource even for RRC signaling. Therefore, it is proposed for the network only signal the RRC indication if the default assumption is not valid.
On the other hand, we could somehow understand chipset vendors’ concern on the uncertainty of the network configuration when receiving DCI assistant information. From the R-ML processing point of view, as illustrated in the below figure, the UE will know whether the NW supports the DCI assistant signaling feature by indicated the existence of the 3 DCI bits by RRC signaling. After that, the UE will need to know whether the default assumption valid or not before the first time that receives DCI index 1~7 to correctly perform co-scheduled UE information blind detection. Therefore, the RRC indication that the default assumption is not valid can be sent to the UE any time before the first slot when the UE receives DCI index 1~7.
[image: ]
Considering the above, for the details of the RRC signaling, it is proposed for the UE to assume the default assumption is valid unless indicated by RRC signaling before the first slot that receives DCI assistant signaling 1~7.
Proposal 13: UE assumes the default assumption is valid unless indicated by RRC signaling before the first slot that receives DCI assistant signaling with index 1~7.

Frequency domain resource allocation type for the co-UE and the target UE
	Status in the WF in [1]
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



In our understanding, the main difference of PDSCH resource allocation type 0 and type 1, for an individual UE, is whether successive PRBs are allocated.
From the real network deployment perspective, we see the benefit for the NW configure different PDSCH allocation types for different UEs to allocate optimal frequency domain resources for each UE under MU-MIMO scenario. Therefore, we think UE with R-ML should cover such case.
From the R-ML processing perspective, we do not see big difference to additionally assume the same PDSCH resource allocation type among different UEs, since we have already agreed to assume aligned PRGs among different UEs. In addition, as illustrated in the 2 cases below with same and different resource allocation type for co-UE 1 and co-UE2, the per PRG co-UE detection is the same for the target UE.
Proposal 14: Not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE .

	Target UE
	Co-UE1
Type 0 with RBG 0 and 2
	Co-UE2
Type 0 with RBG 1 and 3
	
	Target UE
	Co-UE1
Type 0 with RBG 0 and 1
	Co-UE2
Type 1 with Start RB 4 and length = 4

	  
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



The modulation order information of the co-scheduled UE (RRC based assistant signaling)

	Status in the WF in [1]
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



We see the possibility and benefit for the network to configure different MCS tables for different UEs, to enable more use cases for R-ML, it is proposed only to inform the UE whether 1024QAM is enabled for the whole network or not by 1-bit RRC signaling.
Proposal 15: 1 bit RRC to indicate that in the whole cell, max MCS table for all the UEs is below 1024QAM.

Capability signalling for advanced receiver for MU-MIMO
	Status in the WF in [1]:
Supporting MU-MIMO advanced receiver is an optional feature with capability signaling
On UE capability signalling details:
	Candidate contents of R-ML capability definition
	If defined, by capability signalling or by UE declaration
	Note

	R-ML with modulation order blind detection
	Option 1: By capability signalling
Option 2: By UE declaration
	

	Maximum number of layers of co-UE or total number of layers for joint detection
	Option 1: By capability signalling
Other options not precluded
	

	Maximum number of DMRS ports for blind detection
	Option 1: By capability signalling
Other options not precluded
	If needed, FFS whether can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH

	Maximum modulation orders of interfering DMRS ports supported
	Option 1: By capability signalling
Other options not plecluded
	






For the R-ML with modulation order blind detection, we could understand chipset vendor’s concern that if the NW know a UE is capable of performing R-ML with modulation order blind detection, the NW may always schedule MU-MIMO for such UEs that requires modulation order blind detection, which may cause performance degradation. Although we think the support of this feature will have minor impact to the real network scheduling, we are open to discuss this feature could be reported to the NW.
For the other information such as maximum number of co-scheduled layers and maximum DMRS port number, as discussed above, under the basic restriction that the target layer number does not exceed maxNumberMIMO-LayersPDSCH, the UE is able to perform legacy MMSE-IRC algorithm for all the remaining layers which exceeds the supported layer number for R-ML processing, without bringing PDSCH decoding issues. Therefore, we propose not to introduce such capability definition for R-ML receiver.
As for the maximum modulation order supported, we have already introduced RRC signaling to inform UE whether 1024QAM is used and UE can determine whether to enable R-ML if 1024QAM is used. Besides 1024QAM, it is mandatory for NR UE to support up to 256QAM, thus we propose not to introduce such capability definition for R-ML receiver.
Proposal 16: Not to introduce capability definition for Maximum number of layers of co-UE or total number of layers for joint detection, Maximum number of DMRS ports for blind detection or Maximum modulation orders of interfering DMRS ports for R-ML receiver.

Capability granularity and details for the R-ML capability signaling
As for the granularity and details for the new R-ML capability, we propose to align with the Rel-17 MMSE-IRC for MU-MIMO which is used under the same scenario for this Rel-18 study as shown below:
		Feature group
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Mandatory/Optional

	MMSE-IRC receiver for scenarios with inter-cell and intra-cell inter-user interference
	Per UE
	No
	FR1 only
	N/A
	Optional without capability signalling for Rel-15 and Rel-16
Mandatory without capability signalling from Rel-17






Proposal 17: For the granularity and details for the new R-ML capability, align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
4. Conclusion
Proposal 1: Fine to extend the DCI-based assistant signaling to DCI format 1_2 for better coverage of the advanced UE receiver.
Proposal 2: Not to cover multi-TRP scenario for this DCI-based assistant signaling for R-ML receiver.
Proposal 3: The new signaling in DCI should be supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2.
Proposal 4: The new DCI can be supported when the RRC codeBlockGroupTransmission is configured for better coverage.
Proposal 5: The new signaling in DCI should be supported when Rel-18 DMRS is configured for better coverage
Observation 1: Under the scenario that the RAN4 default assumption on the co-scheduled UE resource allocation within each PRG of the target UE is valid, there is no difference using ‘In each individual PRG or PRB’.
Observation 2: If we change the ‘In each individual PRB’ to ‘In each individual PRG’, under the scenario that the above RAN4 default assumption is not valid, the situation in bit index 6 is very rate and the network will most likely send index 7 instead.
Proposal 6: For bit index 6, do not change ‘In each individual PRB’ to ‘In each individual PRG’.
Proposal 7: Under the situation of bit index 1-5, empty PRB without co-scheduled UE should be allowed.
Proposal 8: Conclude the above questions and send reply LS to RAN1 within RAN4#108bis.
Proposal 9: Do not need to revisit the previous decision on the selection of the reference receiver. Discuss the detailed test parameters and test case design in the test setup part.
Proposal 10: Fine to define different types of UEs that defines the minimum total layer number across target and co-scheduled UEs with R-ML processing based on UE declaration, and specify phase II demodulation requirements for each type of UE to be defined.
Proposal 11: Not to have additional restrictions to the use cases for R-ML receiver at least for the feature design..
Proposal 12: Not to introduce additional RRC based assistant signalling for UE to obtain the DMRS port information for the co-scheduled UE.
Proposal 13: UE assumes the default assumption is valid unless indicated by RRC signaling before the first slot that receives DCI assistant signaling with index 1~7.
Proposal 14: Not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE .
Proposal 15: 1 bit RRC to indicate that in the whole cell, max MCS table for all the UEs is below 1024QAM.
Proposal 16: Not to introduce capability definition for Maximum number of layers of co-UE or total number of layers for joint detection, Maximum number of DMRS ports for blind detection or Maximum modulation orders of interfering DMRS ports for R-ML receiver.
Proposal 17: For the granularity and details for the new R-ML capability, align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
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