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1. Introduction 
In RAN4#106 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 of demodulation requirements for multi-RX reception on the DL.   
2. Discussion
On the general aspects of Multi RX FR2 demod the following agreements were made:
	Whether to assume UE RF agreement about the definition of UE panel and UE antenna module for multi-Rx chain DL reception
· Agreement:
· Use the existing agreement from RF in [R4-2220533] for definition of the terms of antenna module and antenna panel.
Whether to limit the scope of demod requirements for multi-TRP transmission schemes to intra-cell mTRP in FR2
· Agreement: 
· Rel-18 FR2 Multi-RX chain UE WI, Focus on multi-TRP transmission schemes with intra-cell mTRP scenarios only. 

Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
· Agreement: For initial simulation purpose, MIMO correlation matrix approach considered as starting point 
· Companies are encouraged to bring more analysis taking the impact of AoA offset and UE implementation of antenna panels into account 
· Companies are encouraged to bring analysis for different correlation cases e.g. low, high 
Whether to introduce performance requirements for PDCCH
· Agreement: 
· No PDCCH requirements will be introduced for Rel-18 FR2 Multi-Rx chain UE WI. 

Whether to introduce performance requirements for PBCH
· Agreement: 
· No

Whether to introduce performance requirements for SDR
· Agreement:
· No
Whether to introduce performance requirements for CSI reporting
· Agreement: 
· Introduce PMI reporting requirements for single-DCI transmission scheme. 
Whether to introduce performance requirements for CA
· Agreement
· Prioritize single carrier performance requirements.





For demodulation requirements TDL channel is used. The performance would be impacted by the TRP separation and UE implementations. Examples of different TRP separations are shown in Figure 1 from [2]. 
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Figure 1: Example TRP offsets 60o, 120 o, 150 o

Examples of different UE implementations are shown in Figure 2.[image: Graphical user interface
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Figure 2: Example UE implementations

To capture the spatial aspects with 2 TRP transmission and multi-RX reception in TDL channel, we agreed to use correlation matrix approach for initial simulation. The correlation matrix shall capture aspects of TRP separation and UE implementation. 
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Figure 3: Multi-TRP Multi-RX channel modeling

We assume that the TRPs are generating signals for 2 TX antenna ports and the UE is equipped with 4 Rx-chains across 2 panels. Ideally with beam forming at the TRP and UE side, the UE should receive one TRP’s signal at each RX, as shown in Figure 3 by H1,1 and H1,1. But this is not always possible due to the TRP separation/ offset and UE implementation. There is always some leakage or cross talk across the TRP and RX – represented by H1,2 and H2,1  in Figure 3. The composite channel from each TRP to the UE is represented as Hj without considering any correlation.   Hj,corr is the channel after applying the correlation matrix Rj. Rj are the correlation matrices capturing the impact of TRP offset/ separation when signals from each TRP received at the UE. The correlation matrix Rj could be the same for each TRP or different.


Proposal #1: Model channel for each TRP-UE as . Where Hj are TRP to UE independent channels.


Define correlation matrix for low, medium, high correlation to represent different TRP offsets, UE implementations. 
Proposal #2: Define correlation matrix  for low, medium, and high correlation to represent different TRP offsets, UE implementations. 

A range of TRP offsets/ AoA separation can be mapped to low, medium and high correlation matrices. RAN4 should also define the TRP offset/ AoA separation associated with low, medium, high correlation. For example, high correlation- TRP offset ≤ 50o; medium corr: 50o < TRP offset ≤ 150o; low corr: TRP offset > 150o. 
Proposal #3: Define range of TRP offset/ AoA separation associated with low, medium, high correlation. 
In FR2 typically cross-polarized antenna arrays are assumed at TRP and UE side. For sake of simplicity, for demodulation simulations and evaluation, we assume that the cross-polarized antenna have perfect isolation and no antenna correlation for multi-RX in FR2.
Proposal #4: Assume no antenna correlation between the cross-polarized antenna at TRP and UE side for multi-RX demodulation related simulation.
In our understanding the correlation matrix is for simulation purpose only, but not to be implemented by TE for actual test. In the actual OTA test the probes will be placed at the chosen TRP offsets and the correlation will be introduced over the air.
Observation #1: The correlation matrix approach is for simulation only. In the actual test the chosen TRP offsets would result in the effective correlation.
We would like to confirm this understanding in RAN4. 
Proposal #5: Confirm that correlation matrix approach is for simulation for demodulation evaluation and requirements derivation only.
Based on feasibility and performance evaluation with different correlation, RAN4 will likely choose one or more correlation values to define demodulation requirements. In the actual test setup the test probes should be placed at an offset associated with the corresponding correlation. 
Proposal #6: In the OTA test setup place the test probes at offset associated with the correlation assumed for deriving the demodulation requirement. 

	Best beam pair selection for demodulation performance requirements.
· Option 1: 
· Wait for RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible.
· In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.




In RF and RRM session there is on-going discussion on metric for best beam pair selection. Instead of repeating the discussion, we prefer to wait for agreement in RF and/or RRM on metric and further discuss if feasible to use for demodulation requirements. 
Proposal #7: Wait for agreement in RF and/or RRM session on metric for best beam pair selection and discuss if applicable and feasible for demod.
In [1] we agreed on some scenarios for initial evaluation and feasibility study. We would like to highlight that any simulation for evaluation can only be done when we have defined some new correlation matrices. Without a way to model TRP separation/offset in baseband simulation, we wouldn’t get any meaningful results for multi-TRP multi-RX simulations in FR2 with TDL channel models as spatial aspects are not modelled.
Observation #2: Without the new correlation matrices defined, we cannot have any meaningful results for evaluation for demodulation with TDL channel model.
We propose to prioritize the correlation matrix definition for further evaluation for demodulation requirement with multi-RX in FR2.
Proposal #8: Prioritize definition of new correlation matrix for further evaluation for demodulation requirement with multi-RX in FR2.
3. Conclusion
In this paper, we provide our views on general aspects of demodulation requirements for multi-RX reception on the DL. Our observations and proposals are captured below:
Proposal #1: Model channel for each TRP-UE as . Where Hj are TRP to UE independent channels.

Proposal #2: Define correlation matrix  for low, medium, and high correlation to represent different TRP offsets, UE implementations. 
Proposal #3: Define range of TRP offset/ AoA separation associated with low, medium, high correlation. 
Proposal #4: Assume no antenna correlation between the cross-polarized antenna at TRP and UE side for multi-RX demodulation related simulation.
Observation #1: The correlation matrix approach is for simulation only. In the actual test the chosen TRP offsets would result in the effective correlation.
Proposal #5: Confirm that correlation matrix approach is for simulation for demodulation evaluation and requirements derivation only.
Proposal #6: In the OTA test setup place the test probes at offset associated with the correlation assumed for deriving the demodulation requirement. 
Proposal #7: Wait for agreement in RF and/or RRM session on metric for best beam pair selection and discuss if applicable and feasible for demod.
Observation #2: Without the new correlation matrices defined, we cannot have any meaningful results for evaluation for demodulation with TDL channel model.
Proposal #8: Prioritize definition of new correlation matrix for further evaluation for demodulation requirement with multi-RX in FR2.
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