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1. Introduction
In the last meeting, several issues about system parameter configuration and pre-requisite UE capability were discussed, and the problem of the UE support multi-DCI emerged. In this contribution, we further discuss the system parameter for multi-Rx.
2. Discussion
2.1 UE capability 
In [1], several pre-requisite UE capabilities for single DCI and multi-DCI were listed:

For UEs supporting single DCI, assume the following set of UE capabilities as pre-requisites:
· Support of simultaneousReceptionDiffTypeD-r16
· Support of singleDCI-SDM-scheme-r16
· Support of 4L DL MIMO 
For UEs supporting multi-DCIs, assume the following set of UE capabilities as pre-requisites:
· Support of simultaneousReceptionDiffTypeD-r16
· Support of multiDCI-MultiTRP-r16
· Support of 4L DL MIMO

However, for multi-DCI based MTRP, considering the UE may have different capabilities on interference reduction, there are other capabilities to indicate whether allow the PDSCHs are overlapped in the frequency domain:

	overlapPDSCHsFullyFreqTime-r16
Indicates the maximal number of PDSCH scrambling sequences per serving cell when the UE supports PDSCHs with fully overlapping Resource Elements. The UE that indicates support of this feature shall support multiDCI-MultiTRP-r16.

Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a Cyclic Prefix
	Band
	No
	N/A
	N/A

	overlapPDSCHsInTimePartiallyFreq-r16
Indicates whether the UE supports PDSCHs with partially overlapping Resource Elements. The UE that indicates support of this feature shall support overlapPDSCHsFullyFreqTime-r16.
	Band
	No
	N/A
	N/A



For the UE needs to support MIMO operation under multi-Rx, the resources of 2 layers are completely overlapped in both the time and frequency domain, so the overlapPDSCHsFullyFreqTime-r16 is also a pre-requisite capability for the UE support multi-DCI.

Proposal 1: For UE supporting multi-DCI based MTRP and MIMO operation, the capability overlapPDSCHsFullyFreqTime-r16 needs to be supported.
2.2 PDCCH and HARQ feedback for multi-DCI based UE
When both single DCI and multi-DCI UE need to be considered, we hope these two cases can be verified in the same test system and with the same procedure, otherwise, the test complexity will increase obviously if both capabilities are supported by UE and will be hard to further discuss how to simplify it. Our view here is that we should try to make the UE supporting multi-DCI and single-DCI behave similarly during the test, and one obvious difference here is PDCCH transmission. For single DCI scheme, the 2-layer data are scheduled by a PDCCH from one TRP, and typically the multi-DCI scheme transmits 2 PDCCHs from different TRPs to schedule 2 PDSCHs, as shown in the following:



  
single DCI scheme               multi-DCI scheme         proposed configuration for multi-DCI
Figure 1 Typical scenario for single DCI and multi-DCI

[bookmark: OLE_LINK2]The concern here is that since the PDCCHs are transmitted from different TRP for multi-DCI scheme, the test system may be different from the single DCI. One possible way to avoid the risk is to configure all PDCCHs with the same TCI state but with different CORESETPoolIndex. It is noted that the different CORESETPoolIndex is to make the overlapped PDSCHs available. Considering we generally only verify the Rx requirement based on PDSCH, the configuration of PDCCH has no impact on the UE performance.

Proposal 2: For the UE supporting multi-DCI scheme, configure all PDCCHs with same TCI state but with different CORESETPoolIndex during the test.

Another difference between single DCI and multi-DCI is HARQ feedback. For multi-DCI scheme, there are two different capabilities:

	harqACK-separateMultiDCI-MultiTRP-r16
Indicates whether the UE support of separate HARQ-ACK. The capability signalling of this feature includes the following:

-	maxNumberLongPUCCHs-r16 indicates maximum number of long PUCCHs within a slot for separate HARQ-Ack

The UE that indicates support of this feature shall support multiDCI-MultiTRP-r16.
	UE
	No
	No
	No

	harqACK-jointMultiDCI-MultiTRP-r16
Indicates whether the UE support of joint HARQ-ACK. The UE that indicates support of this feature shall support multiDCI-MultiTRP-r16.
	UE
	No
	No
	No



Both capabilities are optional, and if we need to consider both of them, the verification will also become complicated. Actually, these two capabilities are designed for the case that ACK/NACK feedback from different PDSCHs are within the same slot, and only if the configuration can avoid such a case, the test complexity can be reduced.

Proposal 3: The multi-DCI verification should be based on the situation that both separate and joint HARQ feedback does not need to be enabled, i.e., the ACK/NACK feedback should not be scheduled within a slot during the test.

2.3 De-mod performance 
In [1], we also have the following FFS:

FFS if and how RAN4 aims to specify the same RF requirements to accommodate both types of UEs 

In our understanding, the Rx requirements are mainly based on the RMC and the key point here is to check whether single DCI and multi-DCI have can achieve the same demod performance. Both single DCI scheme and multi-DCI scheme are based on NCJT (Non-Coherent-Joint Transmission), which means the layers from different TRPs are treated as interference with each other:


Based on the figure above, we can get the signal that is received by each antenna module:



  

Take y1 as the example and perform the similar procedure that is used in MMSE-IRC receiver:





The is the matrix to minimize the mean square error, and by forcing the derivative equal to zero, we can obtain:



Where  is the power of the interference,  is the power of noise,  is the power of the wanted signal,  is an identity matrix. For single DCI and multi-DCI schemes,  can be the same by setting a suitable test environment, so only if these two schemes have the same capability estimate the interference channel matrix , these two schemes can achieve similar performance because they have similar performance in suppressing interference.

Observation 1: The single DCI and multi-DCI schemes can have similar performance only if they have similar performance on estimating the interference channel characteristic.  

In our understanding, the interference channel estimation can be done by DMRS, so single DCI and multi-DCI should have the same DMRS configuration during the test.

Proposal 4: The single DCI and multi-DCI should have the same DMRS configuration during the test.
3. Conclusion
In this contribution, we share our views on the system parameter of the multi-Rx, and the proposals are the following:
Observation 1: The single DCI and multi-DCI schemes can have similar performance only if they have similar performance on estimating the interference channel characteristic.  

Proposal 1: For UE supporting multi-DCI based MTRP and MIMO operation, the capability overlapPDSCHsFullyFreqTime-r16 needs to be supported.

Proposal 2: For the UE supporting multi-DCI scheme, configure all PDCCHs with same TCI state but with different CORESETPoolIndex during the test.

Proposal 3: The multi-DCI verification should be based on the situation that both separate and joint HARQ feedback does not need to be enabled, i.e., the ACK/NACK feedback should not be scheduled within a slot during the test.

Proposal 4: The single DCI and multi-DCI should have the same DMRS configuration during the test.
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