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Background
In last meeting, a WF on advanced receiver for MU-MIMO scenario was agreed. In this contribution we provide our views on the open issues related to receiver assumption and NWA signalling.
Discussions
Receiver assumption  
Additional assumptions to the R-ML receiver
Candidate options for additional assumptions of the R-ML receiver for MU-MIMO scenario are listed as below:
	· Candidate options on maximum number of layers need to be handled with R-ML receiver:
· Option 1: 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
· Option 1A:
· Type 1: R-ML with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2 with 2 Rx
· Type 2: R-ML with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2,3,4 with 4 Rx
· Option 1B:
· For R-ML receiver without modulation order detection for MU-MIMO
· Type 1: 2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· For R-ML receiver with modulation order detection for MU-MIMO
· 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
=>
· Type 1: can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: can process larger than 2 layers across target and co-scheduled UEs with R-ML receiver

· Option 2: Introduce UE capability signalling for the following types
· 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 3: Maximum 4 layer including target and co-scheduled UEs are required. When the assumptions are not fulfilled, UE is allowed to fall back to MMSE-IRC requirements
· Candidate options on supported DMRS configurations:
· Option 1: Not to have additional restrictions on supported DMRS configurations
· Option 2: Restrict R-ML for MU-MIMO to certain DMRS configuration and length or introduce UE capability on the supported DMRS configuration and lengths


As analyzed in last meeting, R-ML receiver with and without modulation order detection should be discussed separately. For R-ML without modulation order detection (with the help of DCI index 1~5), there is no R-ML processing difference compared to SU-MIMO, so the feature definition for Rel-15 R-ML can be reused: 
For R-ML receiver without modulation order detection for MU-MIMO (With the help of DCI index 1~5)
· Type 1: 2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Proposal 1: For R-ML receiver without modulation order detection for MU-MIMO (With the help of DCI index 1~5)
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

Modulation order detection is an additional processing before performing R-ML processing, the complexity of which not only highly depends on the number of interference layers, but also depends on number of serving layers. To perform the maximum likelihood detection, UE has to traversal all the constellation points for a given modulation scheme for serving layers and traversal all the modulation schemes and constellation points of each modulation scheme for interference layers. Hence both the number of serving layers and the number of interference layers contributes to the complexity for example, Rank 1+2 and Rank 2+1 have different complexity, it’s very difficult to apply the logic of Rel-15 R-ML receiver assumption to Rel-18 R-ML receiver assumption with modulation order detection. 
Observation 1: Additional complexity of modulation order detection highly depends on the number of serving layers and interference layers.
Due to different implementations, it’s very challengeable to reach the consensus on exact number of MIMO layers UE can processes with modulation order detection, to simplify the discussion, we propose to define Rank 1+1 as a basic scenario for UE capable of modulation order detection and define supporting processing 4 layers with DCI signalling index 6 as advanced receiver assumption depending on UE declaration (If the related requirements are introduced).  
Proposal 2: For R-ML receiver with modulation order detection for MU-MIMO, consider the following receive assumption.
Basic receiver assumption: UEs can process up to 2 layers across target and co-scheduled UEs
Advanced receiver assumption: UEs can process more than 4 layers across target and co-scheduled UEs with DCI assistant signaling index 6. 
Note1: If a UE support R-ML receiver with modulation order detection, basic receiver assumption is mandatory to be supported.  Advanced receiver assumption is optional with UE declaration. 
Note2: Above receiver assumptions are valid only if the related requirements are defined. E.g. (Rank 1+1 with modulation order detection for basic receiver assumption and Rank 2+2 with modulation order detection for advanced receiver assumption)

Candidate options on supported DMRS configurations:
Candidate options on receiver assumptions on supported DMRS configurations are listed as below:
	· Candidate options on supported DMRS configurations:
· Option 1: Not to have additional restrictions on supported DMRS configurations
· Option 2: Restrict R-ML for MU-MIMO to certain DMRS configuration and length or introduce UE capability on the supported DMRS configuration and lengths


We propose to not introduce any restriction and capability on DMRS configurations, since RAN4 will only define the requirements with Rel-15 DMRS type 1, which is basic feature supported by all UEs. 
Proposal 3: Don’t define restriction and capability on DMRS configuration for R-ML receiver for MU- MIMO scenario.
Discussion on the required information
The candidate options for required information for DMRS port are listed as follows: 
	Issue 1-3-1: The DMRS port information for the co-scheduled UE
· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 2: Introduce RRC signaling for upper bound on number of co-scheduled UE ports
· Option 3: Introduce RRC signalling to indicate whether there is UE with Rel-18 DMRS configuration in the whole cell existing


Our understating for Option 2 is: Base station always chooses UEs to be paired that are in different beams to reduce the interference. The inter-user interference only exists when UEs are paired within a beam or within the primary and secondary beams. RRC signalling can indicate target UEs the DMRS ports associated with co-scheduled UEs which are scheduled in same or overlapping beams with target UE. Taking Figure 2-1 as an example, assuming UE1 to UE6 are SDMed, if UE1 is target UE, only UE2 and UE3 have strong interference to UE1 and interference from other UEs is negligible, so RRC signalling can only indicate UE1 the DMRS port number associated with UE2 and UE3 to help UE1 reduce the DMRS blind detection times.
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Figure 2-1: Paired UEs in different beams
However, the beams information highly depends on the UE location. It seems not feasible for mobile scenario for BS to dynamically indicate such DMRS port information due to the high UE mobility. Also, BS always chooses UEs to be paired with low correlated channel matrix, which can also be affected by the high UE mobility.
Observation 2: The DMRS port information for co-scheduled UEs can be dynamically changed due to the high mobility of UEs, which can make RRC signalling indication unfeasible.
We don’t against introducing such signalling, but it should be based on the technique feasibility. RAN4 should further discuss how to address the concern that port information of co-scheduled UE can be dynamically changed due to the high UE mobility or environment changes.
Proposal 4: RAN4 should further discuss how to address the concern that port information of co-scheduled UE can be dynamically changed due to the high UE mobility or environment changes.

Frequency domain resource allocation type for the co-UE and the target UE
The candidate options for frequency domain resource allocation type are shown as follows:
	Issue 1-3-2: Frequency domain resource allocation type for the co-UE and the target UE
· Candidate options:
· Option 1: Introduce default assumption for resource allocation type for co-UE same as targe UE. Introduce dedicated RRC signaling to indicate if the default assumption is true or false 
· Option 2: Not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE


For down resource allocation type0, RBG size depends on BWP size (See following table copied from Table 5.1.2.2.1-1 in TS 38.214)
Table 5.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16


Without any BWP information of co-scheduled UE, Target UE doesn't know the RBG size of the co-scheduled UE. But with the prior information that resource type 0 is configured for co-scheduled UE, target UE can confirm that co-scheduled UEs are allocated with minimum 2 RBs granularity in frequency allocation, which could be helpful when PRG aligned information in RRC signalling is invalid. For example, if target UE is configured with PRG=4 and PRG aligned information in RRC signalling is invalid, target UE has to fallback to per PRB detection without resource type information of co-scheduled UE, but if target UE knows that co-scheduled UE is configured resource type 0, target UE can fallback to per 2RBs detection, which could reduce the complexity compared to that without resource type allocation. 
Observation 3 : With prior information that resource type 0 is configured for co-scheduled UE, minimum 2 RBs granularity in frequency allocation for co-scheduled UEs can be derived, which would be beneficial by performing per 2RBs detection rather than per RB detection when PRG aligned information is invalid.
Proposal 5: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE.

Additional evaluation on modulation order blind detection
There are some proposals for additional evaluation on modulation order blind detection which are listed as below:
	Issue 1-3-3: Additional evaluation on modulation order blind detection
· Candidate options on additional RAN4 default assumptions to assist modulation order blind detection:
· Proposal 1: RAN4 to consider default assumption of only type 1 FDRA allocation of co-UEs, and Further evaluate if UE blind MO detection capability can be extended to include 
· UE capable of blind MO detection with granularity of PRG =2/4
· UEs capable of blind MO detection within each type 1 FDRA allocation.
· UEs capable of single blind MO detection per layer.
· UEs capable of only one blind MO detection across all layers in a slot.


Based on our understanding, detailed modulation detection should be left to UE’s implementation, we don’t see any necessity and don't have enough time to evaluate too many cases.
Proposal 6: Not do any additional evaluation on modulation order blind detection proposed in Issue 1-3-3.

New MAC-CE command to assist DMRS port blind detection
One proposal for new MAC-CE command to assist DMRS port blind detection is raised as follows: 
	Issue 1-3-4: New MAC-CE command to assist DMRS port blind detection
· Candidate options:
· Option 1: Introduce the following new MAC-CE command to assist DMRS port blind detection
	New MAC-CE Command
	 Content

	Joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port
	1 bit: Target UE apply joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port;
3 bits: Valid period for UE to apply joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port. 2~16 ms





Different PRG could have different precoding, which makes it impossible to perform across multiple PRGs power detection. Even some corner cases make it feasible, it's very complicated to design signalling to indicate how many PRGs are available for joint signal power detection
Proposal 7: Don’t introduce new MAC-CE command to assist DMRS port blind detection.

Capability signalling for advanced receiver for MU-MIMO
The candidate options for capability signalling for advanced receiver for MU-MIMO are shown as follows:
	· UE advanced receiver to cancel inter-user interference for MU-MIMO is an optional feature with UE capability signalling
· Candidate options on capability definition for R-ML with modulation order blind detection:
· Option 1: Blind modulation order detection is based on UE capability signaling
· Option 1A: Define different capability in the scenarios indicated by DCI index 6 and 7 respectively
· Option 1B: Introduce 3 level UE capabilities: 1) Low-end UE: Support DCI 0-5; 2) Medium-end UE supporting DCI 0-6; 3) High-end UE supporting DCI 0-7
· Option 2: Blind modulation order detection is based on UE declaration
· Candidate options on capability definition for Maximum number of layers:
· Option 1: Introduce UE capability for Maximum number of layers of co-UE or total number of layers for joint detection
· Option 2: Not to introduce such capability definition
· Option 2A: The maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH
· Candidate options on capability definition for Maximum number of DMRS ports:
· Option 1: Introduce UE capability signalling for maximum DMRS ports to be detected
· Option 2: Not to introduce such capability definition
· Candidate options on capability definition for Maximum modulation orders of interfering DMRS ports supported:
· Option 1: UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported
· Option 2: Not to introduce such capability definition


Considering it has been agreed to introduce the R-ML capability signalling, we don’t support introducing any finer capability with respect to R-ML.  Channel correlation is the main factor affecting the scheduling and too many capabilities involved will make BS scheduling schemes more complicated. Meanwhile, the system performance gain is unknown since we didn't do any system level evaluation.
Proposal 8: Don’t introduce any finer capability with respect to R-ML.

Capability granularity and details for the R-ML capability signalling
One issue is capability granularity for the R-ML capability signalling. Candidate options are listed as follows:
	· Candidate options:
· Option 1: Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability


MMSE-IRC receiver is basic receiver type supported by most UEs while R-ML receiver for MU-MIMO is much more complicated, it’s very strict to require UE support this on all CCs. Furthermore, R-ML receiver for MU-MIMO is also more complicated than CRS-IM, which has been defined as per CC granularity capability, so R-ML receiver for MU-MIMO should also be defined as per CC granularity capability. 
Observation 4 :  R-ML receiver for MU-MIMO is more complicated than CRS-IM, which has been defined as per CC granularity capability. 
Proposal 9: Introduce R-ML capability signalling with Per-FSPC granularity.

Conclusion
In this contribution we provide our views on receiver assumption and NWA signaling for advanced receiver for MU-MIMO. The proposals and observations are:
Proposal 1: For R-ML receiver without modulation order detection for MU-MIMO (With the help of DCI index 1~5)
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
Observation 1: It’s very difficult to apply the logic of Rel-15 R-ML receiver assumption definition to Rel-18 R-ML receiver assumption on MU-MIMO scenario with modulation order detection due to the additional complexity of modulation order detection highly depending on number of serving layers and interference layers.
Proposal 2: For R-ML receiver with modulation order detection for MU-MIMO, consider the following receive assumption.
Basic receiver assumption: UEs can process up to 2 layers across target and co-scheduled UEs
Advanced receiver assumption: UEs can process more than 4 layers across target and co-scheduled UEs with DCI assistant signaling index 6. 
Note1: If a UE support R-ML receiver with modulation order detection, basic receiver assumption is mandatory to be supported.  Advanced receiver assumption is optional with UE declaration. 
Note2: Above receiver assumptions are valid only if the related requirements are defined. E.g. (Rank 1+1 with modulation order detection for basic receiver assumption and Rank 2+2 with modulation order detection for advanced receiver assumption)
[bookmark: _GoBack]Proposal 3: Don’t define restriction and capability on DMRS configuration for R-ML receiver for MU- MIMO scenario.
Observation 2: The port information for co-scheduled UEs can be dynamically changed due to the high mobility of UEs, which can make RRC signalling indication unfeasible.
Proposal 4: RAN4 should further discuss how to address the concern that port information of co-scheduled UE can be dynamically changed due to the high UE mobility or environment changes.
Observation 3 : With prior information that resource type 0 is configured for co-scheduled UE, even target UE doesn’t know the exact RBG size of co-scheduled UEs, one thing that can be sure is that co-scheduled UEs are allocated with minimum 2 RBs granularity in frequency allocation, which would be beneficial by making UE perform per 2RBs detection rather than per RB detection when PRG aligned information is invalid.
Proposal 5: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE.
Proposal 6: Don’t do any additional evaluation on modulation order blind detection proposed in Issue 1-3-3.
Proposal 7: Don’t introduce new MAC-CE command to assist DMRS port blind detection.
Proposal 8: Don’t introduce any finer capability with respect to R-ML.
Observation 4 :  R-ML receiver for MU-MIMO is also more complicated than CRS-IM, which has been defined as per CC granularity capability, so R-ML receiver for MU-MIMO should also be defined as per CC granularity capability. 
Proposal 9: Introduce R-ML capability signalling with Per-FSPC granularity.
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