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1	Introduction
In RAN#100 meeting, it was approved in [1] to introduce network assistant signaling to enhance advanced receiver for inter-user interference cancellation in MU-MIMO scenarios. In RAN4 #108 meeting, the RAN4 group reached tentative agreements on required information for the signaling according to WF [2]. The current assistant information involves two signaling mechanisms, one is DCI based signaling which indicates MO of co-scheduled UE(s) for the purpose of complexity reduction when the target UE applying R-ML receiver, the other one is RRC based signaling to inform UE with respect to validity of several pre-assumptions to perform interference cancelling.
In this contribution, we present our views on the required assistant information. We generally appreciate the outcomes in the previous meetings, whereas try to propose an additional MAC CE based signaling to enhance the reliability of DMRS port blind detection. We further share our views on UE capability information.
2 Discussion
2.1 Assumptions for the advanced receiver for MU-MIMO
In the WF [2] agreed in RAN4#108, the following agreements are got on Reference receiver assumptions:
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Selection of reference receiver
· 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
Issue 1-1-2: Additional assumptions to the R-ML receiver 
· 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



As simulation results show superior demodulation performance under R-ML, we propose to down select to R-ML for reference receiver as well. Furthermore, until release 18, at most 4Rx is mandatory for C band according to TS 38.101-1 Sec 7.2. So we regard it as a generic requirement that UE receiver should handle maximum 4 layers, and better let the R-ML receiver follow the same suite. Additionally, considering UE processing capability may vary with instantaneous situations such as heating, battery status, we further propose to allow UE capability differentiation as type 1, type 2 and type 3 aforementioned.
Considering the cases where R-ML is not applicable, we think it would be better to setup requirements as MMSE-IRC does, i.e allow UE to fall back to MMSE-IRC.
Proposal 1: It’s proposed that additional assumptions with regard to the applicability of R-ML receiver requirements that 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. 
2.2 Required information and the corresponding signalling
The table 2.2-1 below, which is copied from the endorsed draft TR 38.878 [3], presents summary on the required information for both R-ML and E-IRC:
Table 2.2-1 the agreed list of required information for advanced receiver
	Information
	RAN4 Default assumption
(If N/A, how could be obtained by the UE)
	Signalling if RAN4 default assumption not valid

	The DMRS port information for the co-scheduled UE
	N/A (Obtained by UE blind detection)
	N/A

	PRB bundling size for the co-scheduled UE
Frequency domain resource allocation for the co-UE within each PRG of the target UE
	For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, the target UE assumes 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.
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not

	DMRS power boosting for the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not

	Time domain resource allocation information of the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not

	Frequency domain resource allocation for the co-UE across different PRGs of the target UE:
	N/A (Obtained by UE blind detection)
	N/A

	CSI-RS location of co-scheduled UE (Only required for R-ML)
	UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
	No RRC signalling is needed

	Modulation order of co-scheduled UE
	N/A
Obtained by DCI based network assistance information or UE blind detection
	



DMRS port detection
In MU-MIMO scenarios, UE receiver implements MIMO detection with interference cancellation following the outcome of interfering DMRS ports blind detection. The reliability of DMRS port blind detection is critical to succeeding MIMO detection. The error such as miss detection or false detection of DMRS ports would spread into the succeeding MMSE-IRC or ML MIMO detection. According to our simulation results shown in [4], DMRS port blind detection causes demodulation performance degradation especially in high SNR scenarios.
Observation 1: it’s observed that DMRS port detection error leads to performance loss, e.g test number 5 shows 2.1dB loss due to FDRA and DMRS port blind detection error according to our simulation result captured in [4]
DMRS port blind detection error is generally caused by noise and interferences. Noise can be eliminated by means of multiple signals joint detection. Therefore, we consider by joint signal power detection across multiple PRBs/PRGs to increase DMRS port detection accuracy, on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
Observation 2: Joint signal power detection across multiple PRBs/PRGs can increase DMRS port detection accuracy, on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
In order to apply joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port, it requires network signalling to indicate target UE whether it could perform signal power joint detection according to slot based scheduling outcome. Evidently DCI based signalling is the best choice to convey the indication if necessary. However, it seems impossible to get consensus on DCI signalling considering the timeline of the release 18 RAN1 spec. Moreover, we have to mention that RAN4  discussed on introducing RRC signalling of “FDRA resource allocation for the co-UE across different PRGs of the target UE”, it seemed hard to make consensus due to inflexible scheduler led by semi-static RRC signalling. 
In this situation, we would like to resort to MAC-CE command. In our understanding, MAC-CE command is a reasonable choice. Channel correlation time is usually more than 10ms, during which the channel presents a relatively stable channel characteristic. Then a stable MU-MIMO FDRA pattern of scheduling outcome with respect to one DMRS port in 10ms can be guaranteed. MAC-CE command can adapt to change of scheduling outcome in a granularity of 10 ms, which can address concerns on inflexible scheduler to some extent.
Proposal 2: It’s proposed to apply MAC-CE command to indicate target UE to apply joint DMRS power detection across multiple PRBs/PRGs with respect to one DMRS port on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
Table 2.2-2: 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



2.3 UE capability definition
In RAN4 #108, following agreements were captured in the WF [2] for further discussion:
	Sub-topic 1-3 UE capability aspects 
Issue 1-3-1: Capability signalling for advanced receiver for MU-MIMO
· 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
	






We agree on general aspects of UE capability shown in the above table scanned from WF[2], and propose a few adjustments illustrated in the table below.
[bookmark: _GoBack]Table 2.3-1 adjustments to the required UE capability 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
	If needed, FFS whether can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH

	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

	



R-ML with modulation order blind detection: 
We agree to have UE capability signaling on R-ML modulation order blind detection. Furthermore UE is allowed to have different capability of “R-ML with modulation order blind detection” in the scenarios indicated by DCI code points 6 and 7 respectively. It’s proposed to allow a type of UE to perform blind detection only to address the scenario indicated by DCI code point 6, whereas the UE is not expected to perform blind detection for the “else” scenarios indicated by DCI point 7. 
Proposal 3: UE is allowed to have different capability of “R-ML with modulation order blind detection” in the scenarios indicated by DCI code points 6 and 7 respectively. It’s proposed to allow a type of UE to perform blind detection only to address the scenario indicated by DCI code point 6, whereas the UE is not expected to perform blind detection for the “else” scenarios indicated by DCI point 7.
Maximum number of layers of co-UE or total number of layers for joint detection: 
We support to link it with the existing UE capability of maxNumberMIMO-LayersPDSCH per FSBC, i.e. the maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH . 
Proposal 4: It’s proposed to link Maximum number of layers of co-UE for joint detection with the existing UE capability of maxNumberMIMO-LayersPDSCH per FSBC, i.e the maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
Maximum number of DMRS ports for blind detection: 
As far as DMRS type 1 is considered, up to 8 DMRS ports are available, so that UE is required to perform DMRS ports blind detection out of the set of 8 DMRS ports, i.e, the UE should support detection on the maximum number of DMRS ports with respect to a specific DMRS type.
Proposal 5: It’s proposed target UE to support detection on the maximum number of DMRS ports with respect to the used DMRS type. In this sense, we don’t think an additional UE capability of “Maximum number of DMRS ports for blind detection” is necessary.
Maximum modulation orders of interfering DMRS ports supported:
We agree to have UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported. Furthermore, the UE capability means UE doesn’t support higher MO detection than indicated for co-scheduled UE regardless the modulation order is going to be obtained by assistant signaling or by blind detection.
From chip vender’s point of view, we assume network would not apply the modulation orders beyond target UE’s capability to any co-scheduled UE, otherwise it would allow demodulation performance requirement relaxation.
Proposal 6: It’s proposed to have UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported. Furthermore, the UE capability means UE doesn’t support higher MO detection than indicated for co-scheduled UE regardless the modulation order is going to be obtained by assistant signaling or by blind detection.
Proposal 7: It’s proposed to specify network scheduler’s behavior not to apply the modulation orders beyond target UE’s capability to any co-scheduled UEs.
 
3	Summary
We summarize our proposals and observations as follows:
Proposal 1: It’s proposed that additional assumptions with regard to the applicability of R-ML receiver requirements that 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. 
Observation 1: it’s observed that DMRS port detection error leads to performance loss, e.g test number 5 shows 2.1dB loss due to FDRA and DMRS port blind detection error according to our simulation result captured in [4]
Observation 2: Joint signal power detection across multiple PRBs/PRGs can increase DMRS port detection accuracy, on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
Proposal 2: It’s proposed to apply MAC-CE command to indicate target UE to apply joint DMRS power detection across multiple PRBs/PRGs with respect to one DMRS port on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
Table 2.2-2: 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.



Proposal 3: UE is allowed to have different capability of “R-ML with modulation order blind detection” in the scenarios indicated by DCI code points 6 and 7 respectively. It’s proposed to allow a type of UE to perform blind detection only to address the scenario indicated by DCI code point 6, whereas the UE is not expected to perform blind detection for the “else” scenarios indicated by DCI point 7.
Proposal 4: It’s proposed to link Maximum number of layers of co-UE for joint detection with the existing UE capability of maxNumberMIMO-LayersPDSCH per FSBC, i.e the maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
Proposal 5: It’s proposed target UE to support detection on the maximum number of DMRS ports with respect to the used DMRS type. In this sense, we don’t think an additional UE capability of “Maximum number of DMRS ports for blind detection” is necessary.
Proposal 6: It’s proposed to have UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported. Furthermore, the UE capability means UE doesn’t support higher MO detection than indicated for co-scheduled UE regardless the modulation order is going to be obtained by assistant signaling or by blind detection.
Proposal 7: It’s proposed to specify network scheduler’s behavior not to apply the modulation orders beyond target UE’s capability to any co-scheduled UEs.
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