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1	Introduction
In this paper, we present our views on the remaining issues related to the general aspects for UE demodulation and CSI reporting requirements for FR2 multi-Rx chains. It is worth reminding that in Meeting #107, a new correlation matrix was agreed along with some general parameters as follow [1].

	[bookmark: _Hlk131151038]Issue 1-1-1: Test method for demodulation requirements for FR2 multi-Rx.
Agreement: 
· RAN4 agreed to adopt virtual cable setup to test the FR2 multi-Rx demodulation requirements.
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 crosstalk power
· Candidate crosstalk power values for initial simulation purpose:
· -15, -12, -9, -6 dB
· Other options are not precluded.
· Candidate cross-polarization correlation coefficient values for initial simulation purpose:
· γ = 0.125
· Other options are not precluded.
Issue 1-1-3: Receiver assumption.
Agreement:
· Keep both options (independent and joint processing) open at this point of evaluation.
· Companies are encouraged to bring results evaluating both independent and joint processing in August meeting.
Issue 1-1-4: Number of receive antennas per Rx chain.
Agreement:
· 2 Rx per chain
Issue 1-1-5: Duplex mode for demodulation requirements.
Agreement:
· TDD mode only



In this draft, we discuss the pending general aspects issues where all companies should align.
2	General aspects for UE demodulation and CSI reporting requirements

As it has been stated in [1], a new correlation matrix for FR2 in a multi-TRP and multi-Rx context for OTA demodulation performance requirements was agreed. However, the individual 4x4 correlation matrices modeling the link between each TRP and UE panel and referred toas as , whose parameters α (Tx correlation coefficient), β (Rx correlation coefficient), and γ (cross-polarization correlation coefficient) should follow TS 38.101-4 Clause B2.3.2 [3]. These parameters should be agreed to help the simulation results alignment. Accordingly, we propose the following: 

[bookmark: _Hlk139288486]Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain using the correlation matrices parameters as follow
XP Low:       = 0,  = 0, γ = 0.125
XP Medium:   = 0.3,  = 0.6, γ = 0.125
XP High:      = 0.9,  = 0.9, γ = 0.125
2.1 Phase Noise

In meeting#106-bis WF [2], the agreement (on Issue 1-1-16) was 
	Issue 1-1-16: PN model and PN compensation.
Agreement:
· Leave PN impact and modelling to companies’ implementation, the impact can be considered into results submitted by companies and the impact on test parameters i.e., MCS selection subject to companies’ results. 



For the RF impairments that have not been agreed yet, we propose 

Proposal 2: RAN4 defines the PDSCH demodulation and PMI reporting requirements with:  
· [bookmark: _Hlk95186537]FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 30 GHz
· Consider an additional SNR margin to count for PN effects 

Proposal 3: Consider Tx EVM at 6% since we are considering up to 64QAM modulation.

2.2 UE Receiver Processing

Receiving with a multi-Rx chain in DL needs to be carefully investigated in FR2. It is worth reminding that we have PN effects on the top of the RF impairments. Therefore, choosing between the two proposed options, referred to as
· Option 1: UE joint processing with 4x4,  
· Option 2: UE processing with 2x2 per TRxP,
remains of great significance since each processing relies on its advantages. 

The system model is depicted by Fig. 1 where two TRxPs referred to as TRP1 and TRP2, respectively, communicate with a multi-Rx chain UE in downlink.
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Fig. 1 – DL Multi-TRP Multi-Panel reception.

In the sequel, we provide the system equations to evaluate the performance of intra-cell inter-layer interference mitigation at UE, where the full overlapping sDCI- or mDCI-based schemes are considered. 

The 2NRx-dimensional received signal vector  of the -th subcarrier and the -th OFDM symbol is assumed to be expressed as a sum of the UE received signals  and  by the two panels respectively, and the white noise , given by

where,
 and  represent the Nlayer,j x1 transmitted signal vector and the (2NRx x Nlayer,j) channel matrix between the j-th transmit TRxP and the UE (receiving with both panels).

Option 1: UE applying a joint processing, as 4T4R MIMO
In this case, the 2NRx-dimensional received signal vector  can be rewritten as

where both channel matrices  and  can be estimated through orthogonal DMRS. Indeed, for both cases sDCI and mDCI, UE is aware about the DMRS and antenna ports of TRP1 and TRP2 so that it can perform the channel estimates. It is worth reminding that we have NRx = 2 per Rx chain. 
Consequently, eMMSE-IRC can be applied using the MMSE weight matrix  given by
,
where 

where  and  denote the estimated channel matrix and the DMRS symbols from the j-th transmit TRxP, while  denotes the number of DMRS resource elements. It is worth noting that  denotes the TRPj transmit power that is equal to  where  Denotes the expectation operator. The transmitted Nlayer,j x1 signal vector  can be equalized as 

In sDCI based case, the equalizer output  and  will be vectorized to feed the LDPC decoder. 

Option 2: UE applying a 2T2R MIMO processing per TRxP
In Option 2, each panel will treat a received signal from a TRxP while considering the received signal from the second TRxP as an interference. Without loss of generalities, consider the received signal at Rx chain 1,  Panel1, given by


In this case, we apply MMSE-IRC receiver with a MMSE weight matrix given by
,
where 

where  and  denote the estimated channel matrix and the DMRS symbols from TRP1.

Observation 1: It is obvious that each method has its advantages and disadvantages.  

Proposal 4: Further discussion with companies on the pros and cons of each UE receiver schemes are needed:
· eMMSE-IRC for 4T4R UE joint processing. 
· MMSE-IRC for 2T2R MIMO processing per TRxP.

3	Summary
In this paper we tried to contribute with the following proposals for further discussions:

Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain using the correlation matrices parameters as follow
XP Low:       = 0,  = 0, γ = 0.125
XP Medium:   = 0.3,  = 0.6, γ = 0.125
XP High:      = 0.9,  = 0.9, γ = 0.125

Proposal 2: RAN4 defines the PDSCH demodulation and PMI reporting requirements with:  
· FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 30 GHz
· Consider an additional SNR margin to count for PN effects 

Proposal 3: Consider Tx EVM at 6% since we are considering up to 64QAM modulation.

Observation 1: It is obvious that each method has its advantages and disadvantages.  

Proposal 4: Further discussion with companies on the pros and cons of each UE receiver schemes are needed:
· eMMSE-IRC for 4T4R UE joint processing.
· MMSE-IRC for 2T2R MIMO processing per TRxP.
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