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Introduction
In RAN4 #106, the following agreements [1] on UE demodulation general aspects of FR2 multi-Rx DL reception have been reached:
	Agreement:
· Use the existing agreement from RF in [R4-2220533] for definition of the terms of antenna module and antenna panel.
· Rel-18 FR2 Multi-RX chain UE WI, Focus on multi-TRP transmission schemes with intra-cell mTRP scenarios only. 
· 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 
· 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 


Moreover, the following agreements [2] for UE RF requirements of FR2 Multi-Rx DL reception have also been reached in RAN4 #106:
	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.


In this paper, based on above agreements, we provide our view on transmission scheme, receiver assumption, MIMO correlation matrix calculation and timing/frequency offsets for mTRP and multi-Rx DL demodulation performance simulation.
Discussion
Transmission scheme
As described above, according to the agreements [1] reached in UE demodulation discussion, both sDCI and mDCI with non- and full-overlapping time-frequency resources based mTRP transmission schemes can be considered in initial demodulation performance evaluations. However, in UE RF requirement discussion [2], it was agreed to only focus on mDCI with full-overlapping resources based mTRP scheme in order to have a unified requirement for UE supporting both mDCI and sDCI based mTRP schemes. To have a consistent assumption on mTRP schemes between UE demodulation and RF requirements study, and simplify the demodulation performance evaluation, we propose to prioritize mDCI with full-overlapping resource based mTRP scheme described in the agreement below for UE demodulation performance evaluation as well.
	Agreement:
· For initial evaluation purpose, below transmission schemes with layer combinations considered
· Multi-DCI with fully overlapping scheme: 1+1 and 2+2 (high priority) as layer combination 


Proposal 1:	Consider both sDCI with SDM and mDCI with full-overlapping resources schemes and prioritize mDCI with full-overlapping resources based mTRP scheme for UE demodulation performance evaluation.
Receiver assumption
	Agreement:
· 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.


Moreover, according to the above agreements on UE receiver assumption reached in UE RF requirements discussion [2], no joint detection/decoding algorithm shall be considered for mDCI based mTRP scheme. Instead, two Rx processing branches are assumed to receive two TRP-to-RX links separately. As such, each Rx branch operates in single TRP mode in the sense that it receives the scheduled PDSCH only from one TRP while suffering from the interference of the PDSCH transmission from the other TRP aiming at the other Rx branch. To have an aligned receiver assumption between UE demodulation and RF requirements study, we also propose to prioritize the receiver assumption option 2 agreed below for UE demodulation evaluation.
	Agreement:
· Receiver assumption: MMSE-IRC
· Option 1: UE joint processing with 4x4  
· Option 2: UE processing with 2x2 per TRP 


Proposal 2:	Prioritize the receiver assumption option 2, i.e, UE processing with 2x2 per TRP per Rx chain, for UE demodulation performance evaluation.
MIMO channel correlation matrix
Let  define the number of virtualized transmit antenna ports at TRP, and  the number of virtualized receive antenna ports at each Rx chain corresponding to an antenna module (terminology defined in [3]) at UE. Let , define the transmit signal (of a resource element) from the th TRP and , the receive signal (of the transmitted resource element) at the th Rx chain of the UE. , defines the channel matrix for the resource element transmitted from the th TRP to the th Rx chain of the UE. Each entry of  is a random variable according to complex Gaussian distribution CN(0,1). Based on Proposal 1 and 2 for transmission scheme and receiver assumption, the MIMO receive signal model of the th, , Rx chain, for mTRP and multi-Rx DL communication can be expressed as:
)		(1)
where  denotes the signal-to-interference ratio (SIR) depending on the isolation between two TRP-to-RX links, and  represents the AWGN with variance depending on the SNR. In case of perfect isolation between two TRP-to-RX links, the interference TRP term in equation (1) shall vanish. Equation (1) can be expressed in more compact form as follows
											(2)
It is noted that in FR2,  includes the transmit and receive spatial filter effects of the th Rx chain and the th TRP. As such, two beam pairs are formed by the spatial filter at a Rx chain and the respective target TRP. Moreover, the current MIMO correlation matrix  defined in RAN4 spec [4] are applicable to each TRP-to-RX MIMO channel matrix  generation. As described in [4],  depends on the antenna array type (ULA or cross polarized array), dimension and channel correlation level, i.e., low, medium, and high.
Proposal 3:	Reuse the current MIMO correlation matrix defined in RAN4 spec to generate correlation matrix for each TRP-to-RX MIMO channel matrix .
According to the RAN4 PDSCH performance requirements [4] related to mTRP transmission schemes, two channels from different TRPs to a UE receiver are assumed to be statistically independent. This assumption can be also applied to FR2 mTRP and multi-Rx DL communications. As such, two channel matrices, i.e.,  and , from different TRPs to the th Rx chain are assumed to be statistically independent.
Proposal 4:	Channel matrices from different TRPs to a Rx chain, i.e.,  vs , are assumed to be statistically independent.
Although two Rx chains apply different spatial filters to receive signals from different TRPs, they share the similar local channel environment around the UE especially when the AoA offset between two TRP-to-RX links is not too large, e.g. less than 90⁰. It is therefore reasonable to assume that the channel matrices from a TRP to two Rx chains, i.e.,  and , may demonstrate certain correlation level. It is plausible to assume that correlation between  and  is large (small) when the AoA offset of two beam pairs is small (large). Let  define the combination channel matrix from the th TRP to the UE, and  denotes the channel vector obtained by stacking the columns of channel matrix . Let  define the correlation matrix between two Rx chains for the channels from the same TRP, where  determines the correlation level, e.g., categorized as low, medium and high in RAN4 spec, between two Rx chains. It is envisioned that  can depend on the AoA offset between two TRP-to-RX links and the exact value of  is subject to further study. In case of two independent (uncorrelated) TRP-to-RX links,  shall equal to 0. As a result, the correlation matrix for the channel vector  can be calculated as follows:
,											(2)
Proposal 5:	MIMO channel matrices from a TRP to two Rx chains, i.e.,  vs , can be correlated, and the correlation coefficient  between two Rx chains can be categorized as low (independent), medium and high which may depend on the AoA offset between two beam pairs. FFS: exact value of .
Timing/frequency offset and power imbalance between TRPs
According to [1], the following options have been identified for timing/frequency offset and power imbalance between TRPs considered in UE demodulation performance study:
	Time/frequency offsets and power imbalance between TRPs
· Option 1:
· Consider reasonable time and frequency offsets between TRPs suitable for FR2, e.g., scale time and frequency offsets assumed in Rel-17 FR1 mTRP requirements as a starting point.
· Option 2:
· As staring point of NR FR2-1 multi-Rx chain DL reception, timing offset of the second TRP from the first TRP:  FR2-1 TDD (120 kHz SCS): 0.25 us, -0.0625 us
· As staring point of NR FR2-1 multi-Rx chain DL reception, frequency offset of the second TRP from the first TRP for FR2 TDD (120 kHz SCS) set as 600Hz and decide the final frequency offset value according simulation results. 
· For NR FR2-1 multi-Rx chain DL reception, consider the power imbalance configuration for different TRPs, the power difference value should be in limited range of [X]dB, e.g. X=3.
· Option 3: 
· Select following value for timing offset of the second TRxP from the first TRxP for demodulation cases.
	
	Timing offset[us]

	Multi-DCI based multi-TRP
	non-overlapping
	-0.0625

	Single-DCI based multi-TRP
	SDM
	0.25

	
	FDM SchemeA
	-0.0625


· Select 3000Hz frequency offset for all demodulation cases.


For timing offset between two TRPs, all three options share the similar principle described in Option-1, i.e., scaling the timing offsets considered in the current FR1 mTRP evaluations by the FR2 numerology factor. As a result, Option-2 and 3 proposed the same set of timing offset values. With the above discussion on transmission schemes and receiver assumption, we further propose to simplify Option-3 as described in Table 1 by considering only the timing offsets for mDCI with full-overlapping resources and sDCI with SDM based mTRP schemes. Due to the BS RF accuracy requirement of 0.1PPM, 3kHz frequency offset between two TRPs suggested in Option-3 seems to be a reasonable assumption.
Table 1. Simplified Option-3 for timing offset between two TRPs
	Transmission scheme
	Timing offset[us]

	mDCI with full-overlapping resources
	-0.0625

	sDCI with SDM
	0.25


Proposal 6:	Consider the timing and frequency offsets in the simplified Option-3 listed in Table 1 and focus on mDCI with full-overlapping resources and sDCI with SDM based mTRP transmission schemes.
Given the receiver assumption described in Section 2.2, two Rx chains operate independently to receive signals from two TRPs. It is envisioned that reasonably good isolation between two Rx chains can be achieved. For example, the receive spatial filter in one Rx chain can significantly suppress the interference signals from the other TRP. The power imbalance issue considered in the single Rx reception of mTRP transmissions is less relevant to the problem of two parallel TRP-to-RX links discussed in this paper. Instead, we need to determine the isolation level between two TRP-to-RX links, i.e., the SIR level in the signal model Equation (1), considered by the receiver for the demodulation performance evaluations.
Proposal 7:	Determine the isolation level, i.e., SIR level of X dB, for the two parallel TRP-to-RX links considered in the demodulation performance evaluation. FFS: value of X.
Conclusion
In this paper we provided view on transmission scheme, receiver assumption, MIMO correlation matrix calculation  and timing/frequency offsets and made the following proposals:
Proposal 1:	Consider both sDCI with SDM and mDCI with full-overlapping resources schemes and prioritize mDCI with full-overlapping resources based mTRP scheme for UE demodulation performance evaluation.
Proposal 2:	Prioritize the receiver assumption option 2, i.e, UE processing with 2x2 per TRP per RX chain, for UE demodulation performance evaluation.
Proposal 3:	Reuse the current MIMO correlation matrix calculation methods defined in RAN4 spec to generate correlation matrix for each TRP-to-RX MIMO channel matrix .
Proposal 4:	Channel matrices from different TRPs to a Rx chain, i.e.,  vs , are assumed to be statistically independent.
Proposal 5:	MIMO channel matrices from a TRP to two Rx chains, i.e.,  vs , can be correlated, and the correlation coefficient  between two Rx chains can be categorized as low (independent), medium and high which may depend on the AoA offset between two beam pairs. FFS: exact value of .
Proposal 6:	Consider the timing and frequency offsets in the simplified Option-3 listed in Table 1 and focus on mDCI with full-overlapping resources and sDCI with SDM based mTRP transmission schemes.
Proposal 7:	Determine the isolation level, i.e., SIR level of X dB, for the two parallel TRP-to-RX links considered in the demodulation performance evaluation. FFS: value of X.
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