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1	Introduction
As for the aspect of the receiver assumption and the required information for MU-MIMO interference cancellation, companies had separate discussions for each individual information for both two candidate reference receivers on whether each specific information is needed to the target UE to apply the advanced receiver. 
After the last RAN4 #106bis-e meeting’s discussion, companies agreed on several assumptions, but haven’ decide whether the NWA signaling is needed for informing one or more assumption’s validity. Besides, how to acquire the modulation order information of co-scheduled UE is still under investigations. 
In this contribution, we discussed the receiver assumption and the potential NWA signaling to inform required information for the candidate receivers.
2	Discussion
2.1 Receiver assumption 
During the discussion in RAN4 106bis-e meeting online, companies agreed that the receiver assumption for R-ML is highly related to how UE could obtain each requirement information and how NWA is designed. Following options can be revisited after we have the agreement on which and how to acquire the needed information. 
	Issue 1-1-1: Reference receiver assumption for R-ML
Candidate options:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order
· Option 3: UE performs joint detection on layers of one additional co-scheduled UE in addition to its own layers on the same frequency and time resource as its own allocation
· Option 4: Limit the number of co-scheduled UE is no more than 1 and the number of interference layers are no more than 2
Way forward
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· Discuss how to obtain each of the needed parameters.




In general, it is reasonable to assume that the UE will try to perform R-ML for all layers (of both serving and co-scheduled UE). But in practical, whether the UE can actually do that shall based on how many necessary information it can obtain, no matter by the NWA signaling or by itself. Thus, we can’t make any fixed conclusion and limit the UE implementation here. 
As for the selection of the reference receiver for phase II, we propose to decide it based on both the performance gain over the baseline receiver (comparing with E-IRC) and the complexity of NWA signaling design. We are open to consider E-IRC receiver if the NWA information (or number of bits) for applying R-ML can not be managed. 
2.1A LTE MUST
Before we discuss the required information for E-MMSE-IRC and R-ML for MU-MIMO interference mitigation, we would like to review the Rel-13 LTE MUST SI outcome [2]. In LTE MUST, RAN1 also included MMSE and R-ML receivers as candidates and discussed the necessary assistance information. In this WI, RAN1 assumed up to 3 interfering UEs (at least one of 4 DMRS ports are target UE). In order to maximize the UE receiver performance and to reduce the assistance signaling overhead, RAN1 defined the following assistance signaling and assumption in Rel-14 MUST WI:
· k-max (RRC) to indicates the maximum number of interfering spatial layers signaled in the assistance information. This information can signal the possible interfering layer: 1 or 3
· MUST interference presence, antenna port, and modulation (TS38.212 5.3.3.1.5C DCI format 2C). This DCI-based signaling requires 2, 4, or 6 bits according to the configuration. The DCI bits can indicate the interference is presence or not, and modulation order if the interference is present, per DMRS port. 
· Assumption:
· UE may assume that the starting OFDM symbol of MUST interference is same as the starting OFDM symbol of the corresponding PDSCH transmission (TS36.213 7.1)
· UE assume DMRS configuration (, ) of MUST interference are same as that of the corresponding PDSCH transmission
· If all the scheduled RBs of the MUST-near UE have superposed transmission and all assistance information of all the paired far UEs is the same, this information is not needed (TR 36.859 [2])
It is true we are working for NR which is more flexible and supports more MU-MIMO layers compared with LTE, and we may consider more advanced assumption compared with Rel-14 WI, however, we think these conclusion helps our current work in RAN4. 

2.2 Required information for two candidate receivers
For each candidate receiver, it is necessary to let the target UE know the presence of the co-scheduled UE, so that the target UE can realize it is experiencing the MU-MIMO transmission. However, the presence information can be known accompanied by other information, e.g., the DMRS port information. Therefore, we propose to carry the presence of co-scheduled UE implicitly by other information. 
Proposal 1: To carry the presence of co-scheduled UE implicitly by other information if the NWA signaling will be introduced
For other required information, we give our analysis on whether it is important to know and if so how to acquire it. 
The DMRS sequence information for the co-scheduled UE
For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length, companies agreed that there will be no signaling:
	Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
Way forward
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus signaling is not needed.
· For the scrambling ID and  information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· FFS on the signaling to inform UE if RAN4 default assumption not valid for any of the co-scheduled UE:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on modulation order (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits



For the scrambling ID and   information, it is reasonable to first assume the same for both the target UE and the co-scheduled UE. 1bit RRC based signaling can also be considered when the default assumption is not valid. DCI based signaling for informing the exact value is unacceptable since it will cause large overhead. 
Proposal 2: 1bit RRC based signaling can be considered so that the Network can inform the target UE that the default assumption is not valid
The DMRS port information for the co-scheduled UE
It is very important for the target UE to know the DMRS port information of the co-scheduled UE as the E-IRC and R-ML receivers both need to consider the interferer channel estimates. 
Based on the agreements in the last meeting, studies on UE blind detection on such information was encouraged: 
	Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
GTW agreements on Apr 17th:
· Dedicated DCI signaling is not preferred for the DMRS port information
· FFS whether assistant RRC signalling can be introduced to reduce the BD complexity and/or maintain reasonable CE performance for target UE
· Companies are encouraged to further evaluate BD performance including the detailed assumption:
· Number of co-scheduled UE for BD
· Time/frequency location of co-scheduled UE
Way forward
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.
· FFS whether to introduce additional assistant RRC signalling to restrict the BD complexity.



It’s agreed that DCI based signaling is not valid since at least 4bits are needed and the overhead is unacceptable. Another alternative is to consider 1bit RRC based signaling to indicate whether a specific DMRS port is used by the co-scheduled UE, which can also implicitly carry the presence information of the co-scheduled UE.
Proposal 3: 1bit RRC signaling can be considered to indicate whether a specific DMRS port is used by the co-scheduled UE, which can also implicitly carry the presence information of the co-scheduled UE. It shall be decided after there is a conclusion on the UE blind detection on the DMRS port information
PRB bundling size for the co-scheduled UE
In RAN4 #106bis-e meeting, companies only agreed that this information is needed. How to acquire it, however, was left open for further discussions:
	Issue 1-2-2-4: PRB bundling size for the co-scheduled UE
Way forward
· UE needs to know the PRB bundling size of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the PRB bundling size of co-scheduled UEs is same with that of target UE
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: No signaling is required.
· Option 3: Implied by DCI signaling on modulation order (if introduced)




PRB bundle size indicates the PRB size UE can assume the same precoding. According to TS38.214, PRB bundling size is 2, 4 or wideband. For MU-MIMO, gNB applies precoding to the paired UEs jointly. In this case, it is reasonable for the Network to schedule MU-MIMO transmission to paired UE with same PRB bundling size. In this case, this information can be known by the target UE’s configurations so that no need to inform it by the signaling.
Proposal 4: Do not consider signaling PRB bundling size information of co-scheduled UE with the assumption the PRB bundling size of co-scheduled UEs is same with that of target UE
DMRS power boosting for the co-scheduled UE
In RAN4 #106bis-e meeting, it was agreed to assume that the DMRS power boosting is the same for both target UE and the co-scheduled UE, which was captured in the agreed WF [1]:
	Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
Way forward
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required.



We found it typical for such agreed assumption in practical and thus no need to signal the DMRS power boosting information.
Proposal 5: Do not consider signaling DMRS power boosting information
Time domain resource allocation information of the co-scheduled UE
In RAN4 #106bis-e meeting, it was agreed to assume same PDSCH allocation to the target UE and the co-scheduled UE, which was captured in the agreed WF [1]:
	Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
Way forward
· UE assumes the same PDSCH symbols are allocated to the target and the co-scheduled UEs 
· FFS on the signaling to inform UE if RAN4 default assumption not valid, by:
· Option 1: 1-bit RRC signalling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required




The agreed assumption is also valid in the practical deployment. Thus, we found it is unnecessary to consider additional signaling to inform that. 
Proposal 6: Do not consider signaling for time domain resource allocation information of the co-scheduled UE 
Frequency domain resource allocation information of the co-scheduled UE
TBA
In RAN4#106bis-e, it was discussed the possibility for the BS to allocate different PRBs for different UEs in MU-MIMO. From the physical layer design, it is possible to consider the non-aligned PRB allocation scenario, e.g., target UE is allocated RBs 0-51, but the so-scheduled UE is allocated RBs 0-23. However more flexible assumption requires more complexity to the UE or more signaling from the network. Since this is RAN4-led WI, we prefer the simple assumption. 
Proposal 7:  UE assumes the interference UE has same PDSCH resource allocation 
The modulation order information of the co-scheduled UE
As for the modulation order information of the co-scheduled UE, companies agreed that for R-ML receiver, within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order. 
Besides, UE blind detection was agreed to be studied in the last meeting, detailed evaluation assumptions are captured in the WF [1]:
	Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Way forward
· The following additional assumptions to the R-ML receiver can be agreed:
· Within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order
· FFS whether to consider the case with interference layers have different modulation orders within one or more PRBs.
· Evaluation assumptions of the MO BD study:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Following cases:
· Rank 1+1, 2T2R, MCS 13 for the target UE, QPSK interference, TDLC300-100, random precoding
· Rank 2+2, 4T4R, MCS 17 for the target UE, 16QAM interference, TDLA30-10, orthogonal precoding
· Rank 1+1, 2T2R, MCS 13 for the target UE, 16QAM interference TDLC300-100 random precoding (Optional)
· Full CHBW allocation (52PRBs) FDRA of the co-UE:
· Note: Assume that the R-ML also needs to perform DMRS port and FDRA information BD and all the agreed default assumptions are valid.
· Companies are encouraged to bring simulation results for the next meeting.
· With this MO BD study, the following is not precluded:
· The possibility of full signalling of modulation order and/or other information.
· The possibility of non-dynamic NWA signalling (i.e., non-DCI) solutions.
· For this MO BD study, companies are encouraged to take all proposals from Issue 1-2-3-2 into consideration.



There are also possibilities that an NWA signaling might be considered to help reducing the UE blind detection burden. A RRC based signaling of informing the bitmap of the modulation order can be one of the candidate options. We can consider the modulation order list from (QPSK, 16QAM, 64QAM, 256QAM) given that the 1024QAM might be rare in the real deployment in most of the scenarios. 
We give one example of this RRC based signaling:  
Example (1bit RRC):
	Bit value
	Content

	0
	{QPSK, 16QAM}

	1
	{64QAM, 256QAM}



If this information is not present, the target UE may assume the Network uses the same modulation configuration as the target UE.
Proposal 8: Consider RRC based signaling to inform the bitmap of modulation order if it is agreed to introduce NWA signaling. It shall be decided after there is a conclusion on the UE blind detection on the modulation order
RS location information of the co-scheduled UE
Companies agreed to have the following assumption:
	Issue 1-2-3-3: RS location information of the co-scheduled UE
Way forward 
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· FFS whether to consider RRC signalling to inform UE whether the default assumption is needed



From the Network scheduling point of view, the PDSCH of target UE shall not be overlapped with CSI-RS of the co-scheduled UE(s), so we found it is not necessary to signal this information. 
Proposal 9: Do not consider signaling to inform UE whether the default assumption of CSI-RS location is valid
Signaling for the network assistant information (If introduced)
As for the potential NWA signaling, we propose to only consider RRC based one if it is agreed to be introduced. 
For all the default assumptions agreed by the companies, RRC based signaling can be used to inform the validity for the target UE. If such signaling is sent to the target UE and informing the assumption invalidation, then the target UE can decide by itself whether to apply the blind detection or just give up on applying the advanced receiver so that to avoid the performance loss by cancelling the interference with wrong assumptions. 
With this potential RRC based NWA signaling of validity, at least E-IRC can be considered without any further signaling overhead and with an average gain over 1dB. 
For the additional information required for R-ML, which is the modulation order, a RRC based signaling carrying the exact modulation information or only the bitmap of the modulation order can be candidate options. 
It was proposed in RAN4#106bis-e to ask RAN1 to add DCI-based signaling to indicate the presence of interference, and modulation order if the interference is present, similar to LTE DCI format 2C. 
We are reluctant to ask RAN1 to add DCI-based signaling because RAN1 does not know the discussion in RAN4. For example, Proposal 1, captured from the agreed WF [1], includes 2 bits for 2 DMRS ports or 6 bits for 4 DMRS ports. 
	Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
· Proposal 1:
	Signalling Overhead
	DCI signalling Info.
	Antenna Port
= 1000 + DMRS Port (P)

	2 bits
	maxMIMO-Layers = 2
	00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1}

	6 bits
	maxMIMO-Layers = 4
	For 3 interfering ports in cyclic order from desired layer, each 2 bits represent as
00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1, 2, 3}






But it may confuse RAN1, because Rel-15 RAN1 spec can support up to 12 layers for MU-MIMO but why RAN4 only limits to P = {0,1} or P = {0,1,2,3}. 
We should point out Rel-18 MIMO WI will increase MIMO layers to 24. We think RAN1 can define more efficient signaling (e.g., 4 bits to indicate 1 DMRS port from 3 candidate ports and the modulation order, same as LTE DCI format 2C). 
Our big concern is that an LS to RAN1 will trigger the intensive discussion in RAN1, for example, RAN1 starts to discuss a lot of new proposals for efficient signaling, e.g., 4 bits, although they have no time units. 
Proposal 10: Consider only RRC based NWA signaling (if introduced) for informing the assumption validity and/or modulation order in Rel-18 NR_demod_enh3. 
3	Summary
In summary, we provided our views on the receiver assumption and the required information by two candidate receivers. We summarized our observations and proposals as follows:
Proposal 1: To carry the presence of co-scheduled UE implicitly by other information if the NWA signaling will be introduced
Proposal 2: 1bit RRC based signaling can be considered so that the Network can inform the target UE that the default assumption is not valid
Proposal 3: 1bit RRC signaling can be considered to indicate whether a specific DMRS port is used by the co-scheduled UE, which can also implicitly carry the presence information of the co-scheduled UE. It shall be decided after there is a conclusion on the UE blind detection on the DMRS port information
Proposal 4: Do not consider signaling PRB bundling size information of co-scheduled UE with the assumption the PRB bundling size of co-scheduled UEs is same with that of target UE
Proposal 5: Do not consider signaling DMRS power boosting information
Proposal 6: Do not consider signaling for time domain resource allocation information of the co-scheduled UE 
Proposal 7:  UE assumes the interference UE has same PDSCH resource allocation 
Proposal 8: Consider RRC based signaling to inform the bitmap of modulation order if it is agreed to introduce NWA signaling. It shall be decided after there is a conclusion on the UE blind detection on the modulation order
Proposal 9: Do not consider signaling to inform UE whether the default assumption of CSI-RS location is valid
Proposal 10: Consider only RRC based NWA signaling (if introduced) for informing the assumption validity and/or modulation order in Rel-18 NR_demod_enh3. 
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