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[bookmark: _Toc116995841]Introduction
In RAN4#106-bis-e good progress was made on the general topic with several agreements, see WF [1] . 
In the following we will provide our view on the remaining open issues and make new observations and proposals where needed.
We see the most important open issues to enable link level simulations being:
· New correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
· Receiver assumption
· Provide with a generic approach that covers minimum requirements for different UE architectures, module configurations and module placement on a device without severe effective SNR range restrictions

[bookmark: _Toc116995842]Discussion
New correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
In RAN4#106-bis-e, several proposals for the new correlation matrix were discussed. After the discussion, the two remaining proposed options were captured in the WF [1]
	Issue 1-1-1: On  new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
<Way forward >
· Proposals:
· Option 1: 
· Use RH approach to generate OTA chamber internal H matrix for M-Rx 2 layer LLS simulations defined as:
 , where  is the elementwise product
· Define requirements using the following configurations of AoA in the OTA chamber for 2-layer (1+1) case, with corresponding relative sidelobe antenna gains of:
- AoA30: ɳ_1= ɳ_2= 0.1
- AoA90: ɳ_1= ɳ_2= 0.01
- AoA150: ɳ_1= ɳ_2= 0.03
· Option 2:
· Reuse the current MIMO correlation matrix calculation methods defined in RAN4 spec to generate correlation matrix for each TRP-to-RX MIMO channel matrix . Channel matrices from different TRPs to a Rx chain, i.e.,  vs , are assumed to be statistically independent.
· 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 .




In the following, we will further explain the Nokia proposal (option 1) on how to define a new correlation matrix to represent the OTA chamber with two antennae panels as well as how to incorporate such model into the existing RAN4 simulation model used for FR2 single TRP simulations. It is worth mentioning here that in our previous proposal we were modelling the OTA and beam alignment part, and it has since become evident that most companies would like to directly include the legacy TDL model. Consequently, to merge both the Legacy TDL model (controlled by external fading emulator) and the OTA and UE beam alignment part, the formulation of our derivation has been expanded and thus might look different to the previous one.
Legacy conductive test system
Initially, we represent the legacy conductive test system for FR1 requirements as illustrated in Figure 1, where each UE antenna port is connected to the test system via 50 Ohm cables.
The received signal can be modelled as:
Equation 1
 ,
where  is the transmitted signals from the TRPS,  is the channel matrix (e.g. 2x2 or 4x4) and  is the received signal at the UE, (see also [2]) as this is legacy conductive methodology
[image: ]
[bookmark: _Ref133995758]Figure 1: legacy conductive system model block diagram for a 4x4 system
New Multi TRP radiated test system proposal
Hereafter, we represent the Multi TRP, Multi Rx test system for FR2 requirements as shown in Figure 2, where the UE is placed inside of the anechoic chamber and the test system is connected to two probes at different positions inside of that chamber.
In this case, as depicted in Figure 2, the received signal can be modelled as: 
[bookmark: _Hlk134683666]Equation 2
 , 
where  is the transmitted signals from the TRPs,  is the same channel matrix (e.g. 2x2 or 4x4) as in the previous conductive setup, comprises the OTA chamber and UE (including spatial filters) and  is the received signal at the UE.
When considering legacy fading emulation, the received signal can be modelled as: , where  is the transmitted signals from the TRPS,  is the same channel matrix (e.g. 2x2 or 4x4) as in the previous legacy conductive setup, comprises the OTA chamber and UE (including spatial filters) and  is the received signal at the UE.
[image: ]
[bookmark: _Ref133996153]Figure 2: M-Rx demod OTA test system conceptual representation
Figure 3 translates the conceptual representation of the anechoic chamber depicted in Figure 2 to the mathematical notation used throughout this contribution.

[image: ]
[bookmark: _Ref134619863]Figure 3: Generalized system model based on the legacy full test system assumption with fader, chamber, and UE beams.
Thus, the generalized system model for the 2TRP-2RX (chains) configuration with up-to 4-layers can now be written as: 
[bookmark: _Ref133848291]Equation 3

[bookmark: _Hlk134052843][bookmark: _Hlk134052952]where the superscript of  and , i.e.,  and , respectively, refer to TX ,  and RX ; and the subscripts of  and , i.e,  and  denote the layer index from the corresponding transmitter TRP  and the antenna index at RX , respectively.
The two  matrices in Equation 3 are the legacy channel matrix , which corresponds to the stochastic channel model (e.g., by using TDLA, TDLB, and etc.); and , which represents the channel inside the OTA chamber (after the beam-lock, i.e. the TX beam-RX beam pairing). Hence,  will have deterministic values.
We can define HL to represent the stochastic channel model (e.g., TDLA, TDLB, etc.) and , to represent the deterministic channel inside the OTA chamber after the TX beam-RX beam pairing and consequent beam-lock.
In the following, we will detail both  and  by taking into account relevant factors impacting the proposed model, such as the well-known 3GPP transmit and receive correlation matrices.
HL derivation
In general, we can write the 4x4 channel matrix  as follows: 
[bookmark: _Ref133852856]Equation 4

where  yields the channel coefficient of the link between transmitter  to receiver  for the corresponding transmit-receive pair .
In the current 3GPP specification, the correlation matrix is only defined for one such transmit-receive pair. Therefore, to introduce the correlation matrix for the multiTRP, multiRX case, we need to decouple  into submatrices which correspond to different links of TRP-RX pairs.
In the 2TRP 2RX case, there are 4 pairs of TRP-RX, such that  identifies the links of TRP-RX pairs for the intended signals, whereas  gives the cross links for the interference signal. Hence,  can be decoupled into 4 blocks of 2x2 dimension, wherein each such 2x2 submatrix corresponds to one of the 4 Tx-Rx pairs. As a result, Equation 4 can now be rewritten as 
[bookmark: _Ref134600758]Equation 5

a) 
b) 
c) 
d) 

In RAN4 simulations, it is a common practice to use different correlation levels by employing distinct correlation matrices for the transmit and receive antennas.

[image: ]
[bookmark: _Ref134891156]Figure 4: Generalized system model based on the full test system assumption with fader, chamber, and UE beams with the correlated channel matrix HLC where represents the Inter-TRP relative contribution controlled outside of the OTA chamber.
Similar to the 3GPP specification, by employing distinct correlation matrices for the transmitter and receiver of each TRP-RX pair, as depicted in Figure 4 we now define the correlated channel matrix  as:
[bookmark: _Ref134598804][bookmark: _Hlk133855987]Equation 6
:
a) , and 
b) , and ;
c) , and 
d) , and 
[bookmark: _Hlk134789119]where  are the transmit correlation matrices of TX1 and of TX2 and the receive correlation matrices of RX1 and of RX2, respectively, which are tabulated in the 3GPP specifications. The values of  can take any values of  as defined in 3GPP and  the corresponding values of . The variable inter-TRP relative contribution (outside of the OTA chamber) is then controlled by .

We can define  as the correlated channel matrix where the coefficients of each realization of  are derived using “classical” TDL modelling on each of the for subblocks  and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.

Equation 6 can be then rewritten in a more explicit form for the 2+2 case as:
[bookmark: _Ref134680620][bookmark: _Hlk133220511][bookmark: _Hlk133855033]Equation 7

For the 1+1 case,  simply becomes  and the TDL correlation is scalar “1” for each of the four coefficients. This assumes the same polarization is used for each TRP/RX in the 1+1 case.

We propose to model the received signal as: , where , and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.

We note that when using the classical covariance matrix notation for these channel coefficients under the system model from the proposal above, the spatial covariance matrix can be derived as follows, where the  parameter is multiplicatively included in  on top of the coefficients derived from the classical TDL model. The  is used here to emphasize the inclusion of  and does not change the matrix from before.


where 



HOTA derivation
Equally important,  is a deterministic matrix (for a given AoA probe set, a fixed UE orientation and fixed given UE beam selection), which is given as follows:
[bookmark: _Ref134627403]Equation 8

where each element represents the gain  of the corresponding links inside the chamber after the beam pairing process (see Figure 2). The superscript of , namely, T and R denote the OTA chamber pair of transmit probe T and receive probe R. The subscript of , namely,  and , denote the polarization of transmit and receive probe; in which if  they are the same polarization and if  they are different polarization.
Moreover, it is worthy noticing the general formulation in Equation 8 also encompasses our previous option 1 proposal introduced in RAN4#106-bis-e and captured in the WF [1]. In fact, by adjusting the 2x2 block matrices to the 2-layer (1+1) OTA chamber configuration, we obtain 1x1 blocks as follows, 
Equation 9

From previous simulation results for the 1-layer case; thereby,  can be rewritten as 
[bookmark: _Ref134708956]Equation 10

Where in this 1+1 case,  is the relative magnitude loss (dual polarisation transmission per probe and dual polarisation reception in our simulations) on second Rx panel as the first probe’s signal hits the sidelobe of second RX panel, and, similarly,  is the loss when the second probe’s signal hits the sidelobe of the first RX panel.
Without loss of generality, it still possible to further particularize the general formulation in Equation 8 by using the actual correlation values collected in the anechoic chamber test setup of Figure 2 (or gathering simulation results under the same assumptions as detailed in Appendix A). 

Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as  which can be further simplified by setting  so that  
We propose a simplified parameterized version of HOTA,1+1 to be: 

Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as:
.
We propose a simplified parameterized version of HOTA,2+2 to be: .

Combining HLc and HOTA to obtain channel coefficients for one realization
By combining Equation 7 and Equation 8, we can now rewrite our general 2+2-case system model in Equation 3 as follows:
[bookmark: _Ref135043271]Equation 11


Equation 11 provides a general system model which already captures all components that is sufficient to model the simulator for multiTRP multiRX.. 
In the 3GPP standards, what is currently specified and available is the correlation matrix model for single-TRP single-RX case, which cannot be directly used in the multiTRP multi RX case. 

Coefficients of deterministic HOTA
In order to propose numerical values for HOTA for the different probe placement and UE orientation in the chamber we have conducted a series of electromagnetic CST simulations shown in the appendix A. Based on those simulations we are proposing values for  and  elements as shown in Table 1and Table 2.

	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.1
	0.01
	0.01
	0.02
	0.03


[bookmark: _Ref134919726]Table 1: proposed values for HOTA in the 1+1 case

	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.04
	0.025
	0.04
	0.06
	0.09

	 
	0.040
	0.02
	0.004
	0.02
	0.01

	 
	0.005
	0.004
	0.004
	0.01
	0.005


[bookmark: _Ref134919731]Table 2: proposed values for HOTA in the 2+2 case.
It is worth noticing that the main contributor to the Inter-probe interference will be the n1 value, which is the strongest for AoA 30, the lowest for AoA 90 (due to quasi nulling effect) and the other AoA (60, 120, 150) have a similar n1. Also, the inter polarization coupling on desired TRP n2, tends to increase for larger AoA (120 and 150). 
When deriving values for 1+1 we assume that both polarizations are used in both probes and both rx-chains, therefore there is approximately a factor related to the gain difference between the n1 values in 1+1 vs 2+2 which is fully as expected.

We propose the deterministic values of HOTA,1+1 for OTA probe AoA delta of 30, 60, 90, 120, 150 to be as in table: 
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.1
	0.01
	0.01
	0.02
	0.03



We propose the deterministic values of HOTA,2+2 for OTA probe 30, 60, 90, 120, 150 to be as in table:
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.04
	0.025
	0.04
	0.06
	0.09

	 
	0.040
	0.02
	0.004
	0.02
	0.01

	 
	0.005
	0.004
	0.004
	0.01
	0.005




Best beam pair selection for demodulation performance requirements
In RAM4#106bis it was discussed how to select the best beam pair for demodulation performance requirements (see [1]):
	Issue 1-1-5: Best beam pair selection for demodulation performance requirements.
· Agreement:
· Wait for agreement in RF and/or RRM session on metric for best beam pair selection and discuss if applicable and feasible for demod setup.
· UE must maintain the beam from each panel fixed during each multi-Rx performance test




According to RF WF R4-2306604, the TRP to module pairing should use baseline Option1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all TRPs. The best of the other modules is assigned to track the other TRPs.
The agreement on TRP to module paring from WF R4-2306604 using “Option1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all TRPs. The best of the other modules is assigned to track the other TRPs.” as baseline is a good approach and can be modelled using HOTA

Receiver assumption
In RAN4#106bis the receiver assumption was discussed but no agreement made if 2x2 per TRP or joint processing as 4x4 should be used (see [1]):
	Issue 1-1-14: Receiver assumption.
<Way forward >
· Proposals
·   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. 




The arguments for choosing one of the available options will mostly be based on the performance and the processing complexity. Joint processing allows the UE to process the received signals from the two panels jointly; and hence, the signal from the other TRP will not be treated as interference. How the performance of the two options differ, will strongly be defined by the level of signals from the other TRP received by the panels. The stronger the other TRP signal, the bigger the performance difference between joint detection (4x4) and per TRP (2x2) processing.
As shown in the value of eta from our simulation, it can be seen that there will be other TRP signal received by the panels, in which for 30 degrees of angular offset, the value is the highest. This implies that in real world, for smaller values of angular offset, the other TRP signal can be expected to become stronger. Hence, it is better to treat them as part of the useful signal by using joint detection, as compared to treating them as interference which needs to be cancelled.
Joint processing 4x4 shall be considered especially in scenarios where the angular offset is small and the inter-TRP interference is sufficiently high.
[bookmark: _Toc116995848]Conclusion
This paper presents Nokia's view on the open issues with relation to the general aspects for MultiRx Demodulation performance.

In the paper, the following Observations and Proposals were made:

New correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
1. When considering legacy fading emulation, the received signal can be modelled as: , where  is the transmitted signals from the TRPS,  is the same channel matrix (e.g. 2x2 or 4x4) as in the previous legacy conductive setup, comprises the OTA chamber and UE (including spatial filters) and  is the received signal at the UE.
1. We can define HL to represent the stochastic channel model (e.g., TDLA, TDLB, etc.) and , to represent the deterministic channel inside the OTA chamber after the TX beam-RX beam pairing and consequent beam-lock.
1. We can define  as the correlated channel matrix where the coefficients of each realization of  are derived using “classical” TDL modelling on each of the for subblocks  and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.
1. We propose to model the received signal as: , where , and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.

We note that when using the classical covariance matrix notation for these channel coefficients under the system model from the proposal above, the spatial covariance matrix can be derived as follows, where the  parameter is multiplicatively included in  on top of the coefficients derived from the classical TDL model. The  is used here to emphasize the inclusion of  and does not change the matrix from before.


where 


Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as  which can be further simplified by setting  so that  
We propose a simplified parameterized version of HOTA,1+1 to be: 

Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as:
.
We propose a simplified parameterized HOTA,2+2 to be: .
We propose the deterministic values of HOTA,1+1 for OTA probe AoA delta of 30, 60, 90, 120, 150 to be as in table: 
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.1
	0.01
	0.01
	0.02
	0.03



We propose the deterministic values of HOTA,2+2 for OTA probe 30, 60, 90, 120, 150 to be as in table:
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.04
	0.025
	0.04
	0.06
	0.09

	 
	0.040
	0.02
	0.004
	0.02
	0.01

	 
	0.005
	0.004
	0.004
	0.01
	0.005



Best beam pair selection for demodulation performance requirements
The agreement on TRP to module paring from WF R4-2306604 using “Option1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all TRPs. The best of the other modules is assigned to track the other TRPs.” as baseline is a good approach and can be modelled using HOTA

Receiver assumption
Joint processing 4x4 shall be considered especially in scenarios where the angular offset is small and the inter-TRP interference is sufficiently high.
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Appendix A
This appendix contains our simulation results for the OTA chamber with different AoA and UE orientations. The configuration used are as follows:
The simulations are electromagnetic simulations based on a realistic smartphone Mechanical Computer Aided Design (M-CAD) with Front and Rear (glass material), chassis (metal material) and a frame (plastic material) as detailed in Figure 5 and Table 3. Four patches form a linear array for each antenna module. The two arrays considered in our simulations are Array#1 on the top and Array#2 on the right side of the device.
[image: ][image: ]
[bookmark: _Ref131445462]Figure 5: details on the MCAD details for the second type of simulations

[image: ]
[bookmark: _Ref131445474]Table 3: material parameters chosen for the second type of simulations
We have run simulations based on the AoA discussed in the RF OTA session (30, 60, 90, 120 and 150 degrees). Figure 6 shows the results of our simulations:
[image: ]
[bookmark: _Ref134621038]Figure 6 Simulation results for different AoA
The results have been colour-coded using the following legend where it is assumed that beam from Array#1 (H/V) is directed to probe1 (H/V) and beam from Array#2 (H/V) is directed to probe2 (H/V):
· Green:	Gain on incoming signal to the main lobe.
· Light blue:	Cross coupling of incoming signal.
· Orange:	Coupling from a probe to the sidelobe of opposite receiving array with the same polarisation (for example: probe1(H) to receiving array 2(H))
· Yellow:	Coupling from a probe to the sidelobe of opposite receiving array with the opposite polarisation (for example probe1(H) to receiving array 2(V)
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