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1. Background
The following agreements have been reached during the Monday online session:
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE 
Agreement: It’s required to indicate whether the default assumption of DMRS sequence valid or not 
· Default assumption: At least one of co-scheduled UE follow same DMRS sequence as target UE
· If DCI signaling introduced, no additional bits need for this default assumption which implicitly indicated together with other parameters

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
· Proposals on the additional assistant signalling:
· Option 1: Introduce assistant RRC signalling (MTK, Apple, Ericsson)
· Option 1A: Introduce upper bound on number of ports of co-scheduled UEs to be detected (Apple, [MTK])
· Option 1C: 1bit RRC signalling to indicate whether a specific DMRS port is used by the co-scheduled UE (Ericsson)
· Option 2: Do not introduce signalling on DMRS port information (Huawei)
· Option 3: Further discuss options to reduce search space (Nokia)
· Option 4: Introduce the DMRS ports related information signaling (not RRC signalling) of the co-scheduled UEs which have the same frequency domain resources with the target UE (Samsung)
· Agreement:
· Further discuss option 1, 2 and 3. No DCI signaling needed for this parameter

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
Agreement: Indication to UE required whether default assumption valid or not
·  FFS DCI or RRC, FFS dedicated signaling or implicit signaling 


Issue 1-2-2-6: Time domain resource allocation information of the co-scheduled UE 
Agreement: Indication to UE required whether default assumption valid or not
·  Via RRC signaling, FFS dedicated bit needed or not  

Issue 1-2-2-7: Frequency domain resource allocation information of the co-scheduled UE
Agreement:
· On the RAN4 default assumption on the co-UE FDRA within each PRG of the target UE:
· UE assume in each its PRG, the resource allocation and precoding of the potential co-scheduled UE(s) in other DM-RS ports of different CDM group to be aligned with PRG=2 or 4 
· FFS how to inform UE if such default assumption is not valid

· Proposals on how the co-UE FDRA information could be obtained across different PRGs of the target UE:
· Rely on UE BD
· Proposals on the signalling on the co-UE FDRA information cross different PRGs of the target UE:
· Don’t introduce signaling on frequency domain resource allocation

[bookmark: _Hlk135212732]Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Agreement: 
· Baseline assumption: Introduce DCI-based NWA signaling at least for modulation orders [and/or existence and default assumption] on co-scheduled UE for MU-MIMO 
· Send LS to RAN1 to check the feasibility of introduced DCI based NWA signaling 
· FFS whether additional UE capability for R-ML receiver without DCI based NWA for modulation order information on co-scheduled UE can be specified or not 

Issue 1-2-3-3: CSI-RS location information of the co-scheduled UE
Agreement: No RRC signalling together with other parameters for default assumption.
2. Discussion
2.1  Discussion on the required information
2.2.1	Timeline
Issue 1-2-1-2: Timeline for phase I studying
· Status in the approved work plan in R4-2302939:
· Phase I study is scheduled to be completed in the Aug meeting.
· The phase II requirement definition as well as the normative work in other WGs cannot be started in the Aug meeting
· Recommended WF
· Conclude phase I after this RAN4 meeting and companies can continue the TR work in the Aug meeting.

Update the WID in the June RAN plenary to add the core part objective, and to add RAN1 and RAN2 as the secondary WG. 

Ad-hoc Agreement:
Update the WID in the June RAN plenary to add the core part objective, and to add RAN1 and RAN2 as the secondary WG. 


2.2.2	Phase I conclusion on the reference receiver
Issue 1-1-2: Reference receiver
· Proposals:
· Option 1: Down select to R-ML as the reference receiver (China Telecom, Samsung, ZTE, Qualcomm)
· Option 2: Make decision later (Apple, MTK)
· Option 3: Keep open in case requirements are to be defined for up to 4 total layers and with high modulation orders (Nokia)
· Recommended WF
· Can option 1 agreed together with the phase I conclusion?

MTK: suggest to wait.
HW: It depends on the signalling design.

Ad-hoc Chair: no agreement on the reference receiver in the ad-hoc session.

2.2.3	Signaling Aspects on the required information
[bookmark: _Hlk135388140]Issue 1-2-2-4: PRB bundling size for the co-scheduled UE
· RAN4 default assumption agreed on the Monday online session:
· UE assume in each its PRG, the precoding of the potential co-scheduled UE(s) in other DM-RS ports of different CDM group to be aligned with PRG=2 or 4.
· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: Introduce signalling to inform UE if RAN4 default assumption not valid (China Telecom, Nokia, Samsung, ZTE, Huawei, Qualcomm, Apple, MTK)
· Option 1A: A dedicated RRC signalling to indicate UE if RAN4 default assumption on PRB bundling size is not valid (China Telecom, Samsung)
· Option 1B: RRC signalling to indicate that default assumption is invalid/valid for PRB bundling size (Apple)
· Option 1C: Implied by DCI signaling on modulation order if introduced (MTK)
· Option 2: No signaling is required (Ericsson)
· Recommended WF
· Option 1A?


· A dedicated RRC signalling to indicate UE whether following RAN4 default assumption is valid or not.
· UE assume in each its PRG, the resource allocation and precoding of the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4.
· FFS this RRC signalling is optional
Nokia and E/// will further check if dedicate RRC signalling is possible in the next meeting.

Ad-hoc Agreement:
· RRC signalling to indicate UE whether following RAN4 default assumption is valid or not.
· UE assume in each its PRG, the resource allocation and precoding of the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4.
· FFS whether a dedicated RRC signalling for this assumption or combined with other default assumptions.



Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
· Previous agreed RAN4 default assumption:
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· Agreements on Monday online session
· Indication to UE required whether default assumption valid or not
· FFS DCI or RRC, FFS dedicated signaling or implicit signaling
· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling (China Telecom, Nokia, ZTE, Huawei, Qualcomm)
· Option 2: Implied by DCI signaling on modulation order if introduced (China Telecom, Apple, MTK, Huawei)
· Option 2A: DCI signalling to indicate if default assumption is valid/invalid for DMRS boosting of co-UE (Apple)
· Option 3: No signaling is required (Samsung, Ericsson)
· Recommended WF
· Option 1?

Nokia: If a dedicated RRC signalling is required to some of the default assumptions, UE vendors should provide how UE can utilize this RRC signalling.
QC: we already provided the information in our tdoc. UE has different implementations if UE know the default assumption is not valid. For example, power boosting impact the channel estimation, and UE implementation can be different. If dedicated signaling is not provided, it shuts down the door for further enhancement. 

Ad-hoc Agreement:
· RRC signalling to indicate UE whether the RAN4 default assumption is valid or not.
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· FFS whether a dedicated RRC signalling for this assumption or combined with other default assumptions.


Issue 1-2-3-3: CSI-RS location information of the co-scheduled UE
· Previous agreed RAN4 default assumption:
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Agreement on the Monday online session:
· No RRC signalling together with other parameters for default assumption.
· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: No RRC signaling is needed for this default assumption (Samsung, Ericsson, ZTE)
· Option 2: 1-bit RRC signaling (China Telecom, Nokia, Huawei)
· Option 3: Implied by DCI signaling on MO if introduced (MTK, Huawei)
· Recommended WF
· Option 1?
Ad-hoc Agreement:
Further discuss option 1 and option 2 in the next meeting, and option 3 is precluded.

Issue 1-2-3-2: Content of the DCI-based network signalling on modulation order

Ad-hoc Agreement on the text of the LS to RAN1:
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. 2 candidate advanced receivers, E-MMSE-IRC and R-ML, are included in the study.
Based on RAN4’s evaluation, RAN4 observes that R-ML receiver can achieve better performance in most scenarios. To enable the implementation of R-ML receiver within feasible complexity, RAN4 has agreed that it is beneficial to have DCI based network assistant signalling to know the essential information related to the interfering layers associated with the co-scheduled UE(s).

Discussion on the two options of the DCI content:
· Option 1: 

	Bit field mapped to index
	Content

	000
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	001
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have QPSK configured

	010
	In all the PRBs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have 16QAM configured

	011
	In all the PRBs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have 64QAM configured

	100
	In all the PRBs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have 256QAM configured

	101
	In all the PRBs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have 1024QAM configured

	110
	In each PRB allocated to the target UE, one of the following cases is satisfied:
Case#1: only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE;
Case#2: no co-scheduled UE, which has the same DMRS sequence as target UE exists     

	111
	Others



· Option 2:
	Bit field mapped to index
	Content

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

	01
	In all the PRBs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have the same modulation order as the target UE

	10
	In each PRB allocated to the target UE, one of the following cases is satisfied:
Case #1: only single modulation order is configured for the co-scheduled UE(s) which has the same DMRS sequence as the target UE 
Case#2: no co-scheduled UE which has the same DMRS sequence as target UE exists.

	11
	Others




Option 1 (3-bit DCI): China Telecom, Apple, MTK, Option 1 without QPSK and 1024QAM (field 1 and 5)
Not OK with Option 1: QC
Option 2 (2-bit DCI): QC, HW, Apple
  Not ok with Option 2: MTK

Comparison of option 1 and 2:
Target UE: QPSK (UE a)
2 co-scheduled UEs on different PRBs, 1 co-scheduled UE for each PRB:
QPSK, QPSK (covered by option 1/2)
16QAM (UE b), 16QAM (UE c) (covered by option 1, not option 2):
	UE a (PRG 1)
	UE b (PRG 1)

	UE a (PRG 2)
	UE c (PRG 2)



2 co-scheduled UEs on the same PRBs
QPSK, QPSK (covered by option 1/2)
16QAM (UE b), 16QAM (UE c):
	UE a (PRG 1)
	UE b (PRG 1)
	UE c (PRG 1)

	UE a (PRG 2)
	UE b (PRG 2)
	UE c (PRG 2)



16QAM (UE b), 16QAM (UE c)，16QAM (UE d)
	UE a (PRG 1)
	UE c (PRG 1)

	UE b (PRG 2)
	UE d (PRG 2)



Discussion:
MTK: with 3-bits, more information is provided, and more opportunity to help UE reduce the complexity.
Nokia: The possibility depends on the deployment scenario, for example, how many UEs in the cell. Trying to cover more scenarios is beneficial.
HW: 1 more bit will bring more information. In real network, the chance such scenario would happen is less.
Samsung: QPSK UEs usually not be paired. 

Ad-hoc Agreement:
Stabilize both options in the LS discussion, and down-select one option in the 2nd round of this meeting.
This selected option does not impact the discussion on RAN4 performance requirements for with and/or without blind detection on the modulation order. 
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