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1. Introduction 
In RAN4#108 demodulation requirements for multi-RX in FR2 were discussed and way forward [1] was agreed.  In this contribution we present our views on general aspects for demod and CSI requirements with multi-RX reception on the DL in FR2.   
2. Discussion
Channel model and Correlation Matrix
In RAN4#107 we had the following agreement on channel correlation model:
	Issue 1-1-2: On new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
Agreement:
Consider the baseline correlation model assuming cross-talk between the TRPs and UE Rx antenna as below

, 
where  is the re-arranged channel values and 
·  denotes the Kronecker product,  denotes the diagonal matrix.
·  is the correlation matrix for each link between TRPs to UE panels generated with parameters α (Tx correlation coefficient), β (Rx correlation coefficient), and γ (cross-polarization correlation coefficient) as stated in 38.101-4 B2.3.2
·  is the cross-talk power




The assumption is that we are defining a channel between per TRP to panel of the UE. There is no definition of panel agreed in RAN4. In practice, we would define a channel model and antenna configuration from TRP to UE. The correlation matrix is currently defined across both TRPs and panels.
Observation #1:  The agreed channel model is based on per TRP-panel channel.
Observation #2:  We would typically define antenna configuration and channel model from TRP to UE.
Observation #3:  There is no agreed definition of panel in RAN4.
Observation #4:  The correlation matrix is defined across all TRPs and Rx panels.
It would be practical to define channel model and spatial correlation matrix per TRP to UE rather than per TRP to panel. The channel would be 2Tx and 4Rx. 
Proposal #1:  Define antenna configuration, channel model and spatial correlation matrix per TRP to UE. 
The Correlation matrix for TRP1 to UE would be defined as:



The Correlation matrix for TRP2 to UE would be defined as:



Proposal #2:  Define spatial correlation matrix per TRP to UE as follows -
For TRP1 to UE:  
For TRP2 to UE:  



UE Processing 
In the past meetings we have discussed different UE processing – separate and joint processing and agreed to further evaluate performance of overlapping PDSCH with both UE processing:
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In the past meetings, the following were captured as option for receiver assumption and UE processing in [2]:
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We would like to further clarify the definition of joint and separate processing in the context of mDCI and sDCI. It was not clarified in RAN4 what 2x2 and 4x4 processing means.
Observation #5:  We need further clarification on UE processing types – separate/2x2 and joint/4x4.

For sDCI SDM, we have single PDSCH transmission with li layers transmitted from TRPi. For single DCI SDM the different UE processing types are:
Separate processing - MIMO detector processing 2Rx and li layers per TRP
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP
Observation #6:  In the context of sDCI SDM transmission, the different UE processing types are:
Separate processing - MIMO detector processing 2Rx and li layers per TRP
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP

We propose to confirm the definition of separate and joint processing for sDCI SDM as above. 
Proposal #3:  For sDCI SDM the UE processing types are defined as:
Separate processing - MIMO detector processing 2Rx and li layers per TRP
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP
 

For mDCI overlapping, we have separate PDSCH transmission with li layers transmitted from TRPi. For multi-DCI fully overlapping transmission the different UE processing types are:
Separate processing - MIMO detector processing 2Rx and li layers per PDSCH/TRP
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRPs and PDSCH CWs 
Another option for joint processing for multi-DCI would be MIMO detector processing 4Rx and li layers per TRP/PDSCH CWs. 

Observation #7:  In the context of mDCI overlapping transmission, the different UE processing types are:
Separate processing - MIMO detector processing 2Rx and li layers per TRP/PDSCH CW
Joint processing (opt 1)- MIMO detector processing 4Rx and l1 + l2 layers across both TRP and PDSCH CWs Joint processing (opt 2) - MIMO detector processing 4Rx and li layers per TRP/PDSCH CW


For mDCI overlapping there are 2 possibilities for joint processing. For true joint processing of all MIMO layers, opt 1 would be more accurate for mDCI. We propose to adopt the definition of joint processing for mDCI with overlapping transmission as MIMO detector processing 4Rx and l1 + l2 layers across both TRP and PDSCH CWs.

Proposal #4:  For mDCI with overlapping PDSCH the UE processing types are defined as:
Separate processing - MIMO detector processing 2Rx and li layers per TRP/PDSCH CW
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP and PDSCH CWs

The baseline receiver is already agreed as MMSE-IRC, and no advanced receiver is considered. 
Proposal #5:  Confirm receiver assumption of MMSE-IRC with both joint and separate UE processing.

TR Update
The demodulation performance part work for the multi-RX WI started in RAN4#106 and has made good progress in the past few meetings. Some of the key aspects discussed under demodulation and CSI performance part are:
· MIMO correlation matrix approach to model the spatial aspects and cross-talk with multi-TRP multi-RX with TDL channel model
· Feasibility study to support different layer combinations with sDCI SDM and mDCI mTRP transmission schemes
· Different UE receiver processing – Joint and Separate processing 

Observation #8:  RAN4 has made significant progress in demodulation side and involves an evaluation phase before defining the requirements.

We acknowledge that the TR is originally intended to capture the study from UE RF requirements, but we think that there has been significant work done in the demodulation evaluation phase which could also be captured in the TR. Similar to the motivation of capturing in the TR how the UE RF requirement is derived in RAN4 including the pros and cons of different requirement concepts, capturing the outcome of the feasibility study and evaluation would serve as a good reference for future work. Hence, we propose to expand the scope of the TR [3] to capture the outcome of the evaluation phase for defining demodulation requirements. We proposed the same in RAN#101 [4], and it was recommended to be further discussed and decided in RAN4.

Observation #9:  In RAN#101 it was recommended to further discuss TRP update to capture demod evaluation in RAN4.


Proposal #6:  Expand the scope of TR 38.751 to include the outcome of the evaluation phase for defining demodulation requirements.




3. Conclusion
In this paper, we provide our views on general aspects for demod requirements with multi-RX reception on the DL in FR2.   Our observations and proposals are captured below:
Channel Model and Correlation matrix 
Observation #1:  The agreed channel model is based on per TRP-panel channel.
Observation #2:  We would typically define antenna configuration and channel model from TRP to UE.
Observation #3:  There is no agreed definition of panel in RAN4.
Observation #4:  The correlation matrix is defined across all TRPs and Rx panels.
Proposal #1:  Define antenna configuration, channel model and spatial correlation matrix per TRP to UE. 
Proposal #2:  Define spatial correlation matrix per TRP to UE as follows -
For TRP1 to UE:  
For TRP2 to UE:  


UE Processing 
Observation #5:  We need further clarification on UE processing– separate/2x2 and joint/4x4.
Observation #6:  In the context of sDCI SDM transmission, the different UE processing types are:
Separate processing - MIMO detector processing 2Rx and li layers per TRP
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP

Proposal #3:  For sDCI SDM the UE processing types are defined as:
Separate processing - MIMO detector processing 2Rx and li layers per TRP
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP
Observation #7:  In the context of mDCI overlapping transmission, the different UE processing types are:
Separate processing - MIMO detector processing 2Rx and li layers per TRP/PDSCH CW
Joint processing (opt 1)- MIMO detector processing 4Rx and l1 + l2 layers across both TRP and PDSCH CWs Joint processing (opt 2) - MIMO detector processing 4Rx and li layers per TRP/PDSCH CW


Proposal #4:  For mDCI with overlapping PDSCH the UE processing types are defined as:
Separate processing - MIMO detector processing 2Rx and li layers per TRP/PDSCH CW
Joint processing - MIMO detector processing 4Rx and l1 + l2 layers across both TRP and PDSCH CWs
Proposal #5:  Confirm receiver assumption of MMSE-IRC with both joint and separate UE processing.

TR update
Observation #8:  RAN4 has made significant progress in demodulation side and involves an evaluation phase before defining the requirements.
Observation #9:  In RAN#101 it was recommended to further discuss TRP update to capture demod evaluation in RAN4.

Proposal #6:  Expand the scope of TR 38.751 to include the outcome of the evaluation phase for defining demodulation requirements.
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Issue 1-1-1: Receiver assumption.

Agreement:

o Further evaluate the performance for 2+2 with fully overlapping case with joint processing and
sperate processing

=  Pending on the performance comparison between different receiver assumption, RAN4 plan
to decide in 2023 Q4 for this case including receiver assumption.

= [Iftest case with joint processing assumption is introduced, it shall be with UE capability as
an optional feature.
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Issue 1-1-14: Receiver assumption.

e Proposals

o MMSE-IRC receiver
= Option 1: 2x2 Per TRP
= Option 2: Jointly processing as 4x4

= Companies are encouraged to further evaluate the performance, UE processing complexity
impact on above options.




