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1	Introduction
In this paper, we present our view on the general aspects for UE demodulation and CSI reporting requirements for FR2 multi-Rx. Meeting #106 was the first meeting to kickoff discussions on this WI where some agreements have been achieved as follow [1].

	[bookmark: _Hlk131151038]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.



However, some issues, that we summarize below, still need to be discussed.

	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.
Whether to introduce requirements for both single-DCI and multi-DCI scenarios
· Agreement:
· For initial evaluation purpose, below transmission schemes with layer combinations considered
· Single DCI with SDM scheme: 1+1 and 2+2 as layer combination
· Multi-DCI with fully overlapping scheme: 1+1 and 2+2(high priority) as layer combination 
· Multi-DCI with non-overlapping scheme: 2+2 as layer combination
· Receiver assumption: MMSE-IRC
· Option 1: UE joint processing with 4x4  
· Option 2: UE processing with 2x2 per TRP

PN model and PN compensation
Tentative Agreement:
· For evaluation, consider PN impact for the decision of MCS, based on expected PN degradation of [X] dB; Interested companies can bring performance simulations with and without PN modelling in the next meeting. 
· Consider Example 2 with priority; 
· Consider PN Models for FC = [30, 47] GHz;
· For requirements: [pending PN discussion in the evaluation phase];



In this draft, we provide our views on these pending issues
2	General aspects for UE demodulation and CSI reporting requirements
As it has been stated in [2], this WI aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved UE demodulation performance. To define demodulation performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers on single component (CC), we consider receptions configured with 2 active TCI states, requiring beam reception from 2 directions (2 layers/direction). Dual TCI operation can be combined with the Rel-17 mTRP framework even if the base station is being deployed as a single TRP [2]. Accordingly, we will draw our views based on the following general aspects: 

Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain: 
· TDD mode only
· Number of receive antennas: 4Rx
· Modulation order: Up to 64QAM
· Rank: Up to 4 DL MIMO layers (2+2).

Proposal 2: RAN4 defines the UE demodulation and CSI reporting requirements with:  
· [bookmark: _Hlk95186537]FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 47 GHz
· Channel models: TDLA and TDLD (30 ns delay spread)
· Max Doppler frequencies: up to 300 Hz.

2.1 RF Parameters
NR operations in FR2-1 band are susceptible to phase noise (PN) effects that should be assessed and addressed. 

Proposal 3: As RF parameters, consider 
· PN at UE side only.
· Tx EVM = 6% for QPSK/16QAM/64QAM.

However, the adopted PN model should be kept up to the companies’ preferences. Our view is to consider both models that have been used in 3GPP to assess the PN effects. The first model, referred to as Set 1, is parameterized as described in Table 2.1-1 [3]. It is worth reminding that Set 1 uses a design margin (DM) to be set to 5 dB at the UE.

Table 2.1-1: Parameters of phase noise model equation with design margin
	Parameter
	Value/expression
	Parameter
	Value

	PSD0
	
	

	

	fz,1
	1.6e3
	αz,1
	2

	fz,2
	200e3
	αz,2
	1

	fz,3
	
	αz,3
	2

	fp,1
	1
	αp,1
	3

	fp,2
	1e6
	αp,2
	2



The second PN model is known as Example 2 in [4] that we will refer to as Set 2.

Proposal 4: Consider Set 1 and/or Set 2 (Example 2) PN model and use Rel-15 PTRS pattern as a starting point.

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 TRP,
remains of great significance since each processing relies on its advantages. 
However, RF session made some agreements in the meeting#106 WF stated as follow [5].

	Agreement: 
· Define the RF requirement based on mDCI with understanding that UE supporting sDCI can also meet the requirement.
· To have the unified requirement concept for UEs supporting multi-DCIs as for UEs supporting single DCI, RAN4 can focus on fully overlapping in time and in frequency, supported by UE capabilities “multiDCI-MultiTRP-r16” and “overlapPDSCHsFullyFreqTime-r16.”
· No “joint detect/decode” is considered in simulation for mDCI. In other words, Process only 2 TRP-RX pairs– In this case we only consider two TRP to RX pairs - TRP1-RX1 and TRP2-RX2. The signal from TRP2 to RX1 and TRP1 to RX2 is treated as interference. 




The system model is depicted by Fig. 1 where two TRxP referred to as TRP1 and TRP2, respectively, communicate with a multi-Rx chain UE in downlink.
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TRP2




                



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 NRx-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 (NRx 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 NRx-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 NRx = 4. 
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. Define  and  the TRxP1 – Panel1 and TRxP1-Panel2 channel matrices, respectively, and  and  the TRxP2 – Panel1 and TRxP2-Panel2 channel matrices, respectively. Without loss of generalities, consider the received signal at 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 5: 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.

2.3	Angle of Arrival

To help shaping a clear view on AoAs to be considered, we believe that it is better to follow 

Observation 2: TS38.101-4 stated that the downlink signal and noise are aligned to the direction with the following criteria [6]:
-	Select the known Rx beam peak direction reused from RF testing if available, as far as it satisfies the minimum isolation requirement defined in TS 38.521-4 and rank number in TS 38.521-4 corresponding to the test cases 
-	Otherwise select one direction which satisfies the REFSENS defined in TS 38.101-2, minimum isolation requirement defined in TS 38.521-4 and rank number in TS 38.521-4 corresponding to the test cases.

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: 
· TDD mode only
· Number of receive antennas: 4Rx
· Modulation order: Up to 64QAM
· Rank: Up to 4 DL MIMO layers (2+2).

Proposal 2: RAN4 defines the UE demodulation and CSI reporting requirements with:  
· FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 47 GHz
· Channel models: TDLA and TDLD (30 ns delay spread)
· Max Doppler frequencies: up to 300 Hz.
Proposal 3: As RF parameters, consider 
· PN at UE side only.
· Tx EVM = 6% for QPSK/16QAM/64QAM.

Proposal 4: Consider Set 1 and/or Set 2 (Example 2) PN model and use Rel-15 PTRS pattern as a starting point.

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

Proposal 5: 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.

Observation 2: TS38.101-4 stated that the downlink signal and noise are aligned to the direction with the following criteria [6]:
-	Select the known Rx beam peak direction reused from RF testing if available, as far as it satisfies the minimum isolation requirement defined in TS 38.521-4 and rank number in TS 38.521-4 corresponding to the test cases 
-	Otherwise select one direction which satisfies the REFSENS defined in TS 38.101-2, minimum isolation requirement defined in TS 38.521-4 and rank number in TS 38.521-4 corresponding to the test cases.
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