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Introduction
The topic of MultiRx UE performance started in RAN4#106. During that meeting, good progress was made, and it was also agreed to clarify the understanding across companies in the following to enable companies to provide the first simulation results for the initial alignment in Phase I [1]:

	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] to define the terms of antenna module and antenna panel.



In addition, the following list summarizes the main agreements from [1]:
· 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 
· Not to define requirements for PDCCH, PBCH and SDR
· Prioritize single carrier performance requirements.

In this contribution, we will address the remaining open issues related to the general aspects for MultiRx and make new proposals if needed.

General aspects for FR2 Multi-Rx Demod
Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
[bookmark: _Hlk131442034]In RAN4#106, it was discussed whether to introduce a new correlation matrix for FR2-1 for OTA demodulation performance requirements [1]:
	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 the initial simulation purpose, the MIMO correlation matrix approach is considered as starting point 
· Companies are encouraged to further evaluate the impact of AoA offset and UE implementation of antenna panels on the simulation results 
· Companies are also encouraged to evaluate different correlation cases e.g. low, high 




In the following section, we will provide our view into the current way of how channel modelling is done as well as our view into how a new channel modelling can be done to properly capture how the AoA offset, and UE implementation of antenna panels will impact on the simulation results.

Background: Existing/legacy channel modelling
Since RAN4 performance requirements are using the TDL based channel models, the MIMO correlation model are described in TR 38.901 referring to TR 36.101. 
Typically, the Link level simulations are implemented using a wideband modelling approach. There is a need to describe some background to link the wide band signal model to the narrow band model. In the following, we provide a short background on the MIMO channel modelling based on the Kronecker model. 
Wideband signal model
Consider a general MIMO system with transmit and receive antenna arrays of m and n elements, respectively.
The corresponding system model input-output relationship can be formulated as follows:
Equation 1:	,
where  is the transmitted signal,  is the received signal,  is additive white Gaussian noise, ‘’ denotes convolution,  is an  by  channel impulse response.
The channel impulse response for a SISO channel model can be represented by:
Equation 2:	, 
where  is the tap identifier,   is the delay  is the time varying complex amplitude of each tap. Numerical values of  and can then be selected from the TDL models introduced in TR 38.901 [2].

Narrowband MIMO model
When modelling narrowband MIMO channels, a typical approach considers the Kronecker structure of the respective channel correlation matrix as follows,
Equation 3:	,
where  is the channel covariance matrix,  ,  are the covariance matrices at the transmitter and the receiver side and denotes the Kronecker product.
If we assume the channel coefficients to be zero-mean complex Gaussian distributed, it can be shown that:
Equation 4:	,
where  is a stochastic M by N matrix with independent and ideally distributed elements and T yields the transpose of a matrix. For M=2 an N=2 configuration, G can be written as:
Equation 5:	 
We can then define as a vectorized  as:


Wideband MIMO model
When combining the SISO model and the Kronecker structure for each tap, the wideband MIMO channel matrix  can be modelled as:
Equation 6:	,
where  is the matrix with independent and identically distributed zero mean complex Gaussian elements, while the average power of each element can be modelled from one of the TDL models of 38.901 [2].

Challenges for link level simulation using a TDL model
When modelling inter-TRP interference for a link level simulation using a TDL model, the challenge is that the Kronecker model is not well suited to incorporate the per UE panel beam gains in the directions of the AoAs of each Probe inside of an OTA chamber (hitting on sidelobes as depicted by the red dots in Figure 1). 
 [image: ]
[bookmark: _Ref131445425]Figure 1: RH for single layer per Probe (TRP) OTA use case, with separate drawing per RX chain at UE.
Note: Figure 1 shows the inside of the OTA chamber, as such the “TRPs” here are the probes/test antennas and the commonly used “BB relevant” fading channel emulator is situated outside the chamber and not pictured.

The most evident example is that the proposed correlation matrices in TR 36.101 (referred to in TR 38.901) assume equal gain for each link (e.g., the diagonal elements of  are all normalized and equal to 1). In the Multi-Rx case, the OTA chamber will include 2 probes, one for each TRP and the UE will include 2 Rx panels with corresponding radiation pattern. Thus, the antenna gain at Rx chain 1 for UE panel 1 in the direction of AoA1 can significantly differ from the antenna gain in the direction of AoA2 (from where the signal from Probe 2 on Rx chain 1 is received on a side lobe).
Thus, we note the Kronecker-based channel modelling approach referred to in TR 38.901 with  (),  ( using a TDL model, is ill suited to model a M-Probe OTA setup with a Multi-Rx device for a link level simulation.
Using a TDL model is ill suited to model a M-Probe OTA setup with a Multi-Rx device for a link level simulation.

More realistic modelling for link level simulations using AoA
The MIMO channel correlation matrix allows one to account for the spatial correlation between the MIMO channel links between transmit and receive ends, including modelling the correlations included unavoidable in the OTA chamber. 
In the following, an alternative approach is proposed for a more realistic modelling in link level simulations by using the full knowledge of the MIMO channel correlation matrix  as shown next:
[bookmark: _Ref131445251][bookmark: _Ref131445241]Equation 7: 
Herein, the  operator stacks column-wise the elements of the enclosed matrix. Then,  has dimension  with i.i.d. elements following circularly symmetric complex Gaussian (Rayleigh fading) distribution. The entries of  are usually time -correlation shaped, e.g., using the taps of a tapped delay model like TDL. The  then imparts the space-correlation shaping imposed by the OTA chamber and UE panel position and bearing.
 yields a matrix square root (e.g., obtained via Cholesky decomposition) such that the covariance matrix given by  can be rewritten as  . From Equation 7, the elements of  have Rayleigh distribution and the desired spatial correlation properties of RH.
If we assume a 2x2 MIMO channel without beamforming, h is obtained using the vec() operator which stacks column-wise the channel matrix elements as follows:
Equation 8:  
Following the formulation in Equation 7, the respective correlation matrix is as given next (with ULA) :
[bookmark: _Ref131689107]Equation 9:  
Thereafter, to account for the beamforming at the UE, one can assume the beamformed channels to be described as:
Equation 10: , 
where  are the magnitude loss due to the sidelobe of each beam in the OTA undesired probe AoA directions as illustrated in Figure 1 (power losses are  ).
As a result, the new correlation matrix will then be rewritten as: 
Equation 11:   ,
Equation 12: 
where  is the elementwise product. 
Therefore, when considering the beam gains at each RX-chain, Equation 7 becomes: 
Equation 13: 
 Use RH approach to generate OTA chamber internal H matrix for M-Rx 2 layer LLS simulations defined as:
 , where  is the elementwise product.

 for M-Rx 4-layer can then be derived in the same manner as  for M-Rx 2-layer (in Equation 9) by including cross polarisation considerations.
Define  to generate OTA chamber internal H matrix for M-Rx 4-layer LLS simulations.

Calculation of numerical values for , 
The numerical values for ,  will depend on the selected P AoAs, UE antenna pattern pair and UE orientation.
To support the definition of , , two types of 2 dimensional simulations are presented in this document:
· Antenna Sim Type 1: The first type of simulations is based on UE antenna element pattern from TR 38.803, Table 5.2.3.3-1 [4] with 4 single polarized elements spaced with half a wavelength forming a linear array. 
· Antenna Sim Type 2: The second type of simulations relies on 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 2Error! Reference source not found. and Table 1Error! Reference source not found.. Four patches form a linear array. The two arrays considered are the top and left side arrays.
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[bookmark: _Ref131445462]Figure 2: details on the MCAD details for the second type of simulations

[image: ]
[bookmark: _Ref131445474]Table 1: material parameters chosen for the second type of simulations

Antenna Sim Type 1
The radiation patterns of two arrays for Antenna Sim Type 1 simulations are show in Figure 3Error! Reference source not found., while the values for ,  are shown in Table 2.
[image: ]
[bookmark: _Ref131445504]Figure 3: 2D radiation patterns of 3GPP-based 4 element arrays for two simultaneous active arrays pointed towards probes at different delta AoAs of 30, 60, 90, 120 and 150 degrees for antenna sim type 1.
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[bookmark: _Ref131445326]Table 2: mapping of directive antenna gain values in each probe direction as well as the relative gain delta (, ) for antenna sim type 1.

Antenna Sim Type 2
The radiation patterns of two arrays for Antenna Sim Type 2 simulations are show in Figure 4Error! Reference source not found., while the values for ,  are shown in Table 3.

[image: ]
[bookmark: _Ref131521489]Figure 4: 2D radiation patterns of Electromagnetic-based 4 element arrays for two simultaneous active arrays pointed towards probes at different delta AoAs of 30, 60, 90, 120 and 150 degrees, for antenna sim type 2.
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[bookmark: _Ref131521522]Table 3: mapping of directive antenna gains values in in each probe direction as well as the relative gain delta (, ) for antenna sim type 2

We observe that the more realistic Antenna Sim Type 2 simulations lead to higher values compared to the 3GPP model-based Antenna Sim Type 1 simulations. Thus, our proposed values are based on the type 2 simulation results. We also note that although  and  are not strictly equal for the type 2 simulations they are still very close.
We have provided simulation results for two ways to calculate ,  (3GPP model-based and simulation-based). We see the simulation-based model to be more realistic, hence it should be used to define , .
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: = = 0.1
- AoA90: = = 0.01
- AoA150: = = 0.03
Similar analysis as we have provided for 2-layer (1+1) can be done for 4-layer (2+2)

Best beam pair selection for demodulation performance requirements.
In RAN4#106, it was discussed how to select the best beam pair for the demodulation performance requirement definition [1]:
[bookmark: _Hlk131442117]
	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.




At this point, it is not known to us if RF has reached an agreement, hence this issue should be kept open and revisited in RAN4#107.
The UE orientation is to be selected by UE vendor. This orientation can be different for each probe delta AoA. A single orientation is assumed per test probe delta AoA in the OTA setup.
Assuming that a single UE orientation is fixed per delta AoA between OTA probes, there would be two ways that the UE could choose to steer its beams: approach one will maximize the RSRP per Rx-chain, approach two will maximize the SINR per RX chain.

Assuming that delta AoAs are proposed as 30, 90 and 150 degrees, each of those delta AoA would have a best beam setting. 
In order to maintain a repeatable and stable UE performance during the performance test, we see it necessary to maintain the UE beam steering direction fixed during each test.
UE must maintain the beam from each panel fixed during each MultiRx performance test.

Whether to introduce requirements for both single-DCI and multi-DCI scenarios
[bookmark: _Hlk131442138]
	[bookmark: _Hlk129351217]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 




Currently we do not see any reasons to reduce the considered combinations at this early point in time. The final decision should be done based on companies’ simulation results provided in this and coming meetings.
In the previous sections, we have also shown the importance of the AoA impact which needs to be taken into consideration when deciding which requirements to define for MultiRx. 
We see it too early in the WID progress to reduce the agreed transmission schemes.
Keep the current agreement of transmissions schemes and layer combinations for evaluation for companies to provide simulation results also in the next meetings.

Single-DCI
For single DCI performance, the UE will process a 2x2 or 4x4 MIMO receiver in a very similar manner as FR1 requirements with the difference of the correlation model.
For Single DCI use delta AoA of 30 and 90 for performance requirement definition.

Multi-DCI fully overlapping
Based on our provided simulation results we see that AoA of 30, 90 and 150 degrees differ enough to mandate those AoA for performance requirement definition. 
For Multi-DCI fully overlapping use delta AoA 30, 90, 150 degrees for performance requirement definition.

Multi-DCI non-overlapping
The use case of Multi-DCI non-overlapping will test the UE capability of handling two (or two pairs of) individual streams in parallel, hence requirements should be defined for this use case.
Define at least one set of performance requirements for Multi-DCI non-overlapping.

Receiver assumption
For the receiver assumption two options are considered:
· Joint processing of 4x4
· Processing of 2x2 per TRP.
Based on this, we see the following breakdown as possible configurations to consider with the agreed layer combinations to be considered:
1) Single-DCI 1+1: UE joint processing with 2x2 where each layer is sent from each probe
2) Single-DCI 2+2: UE joint processing with 4x4 where 2 layers are sent from each probe
3) Multi-DCI 1+1: UE separate processing with two times 1x1 where each layer is sent from each probe
4) Multi-DCI 2+2: UE separate processing with two times 2x2 where 2 layers are sent from each probe
5) Multi-DCI 2+2: UE joint processing with 4x4 where 2 layers are sent from each probe
We understand that 5 can be seen as more advanced compared to 1-4, however given the WID will run for some time, 5 should not be excluded at this time.

Consider the following combinations for receiver configuration:
1) Single-DCI 1+1: UE joint processing with 2x2 where each layer is sent from each probe
2) Single-DCI 2+2: UE joint processing with 4x4 where 2 layers are sent from each probe
3) Multi-DCI 1+1: UE separate processing with two times 1x1 where each layer is sent from each probe
4) Multi-DCI 2+2: UE separate processing with two times 2x2 where 2 layers are sent from each probe
5) Multi-DCI 2+2: UE joint processing with 4x4 where 2 layers are sent from each probe

PN model and PN compensation
[bookmark: _Hlk131442165]
	[bookmark: _Hlk129351358]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];




For the previous FR2-1requirement definition, PN model was not included and instead an agreed degradation was used. Depending on the selected center frequency (FC) for simulation in this WID, it can have relevance to introduce PN model instead of using the legacy approach. If FC=30GHz is selected for simulation results, this will be similar to existing requirements, however if FC=47GHz is selected there will be a higher impact from PN, hence it could be relevant to introduce a PN model.
In addition, it has not been decided, if requirements are to be defined for CBW=200MHz, which will likely make the use of PN modelling more relevant.
If enough companies bring simulation results with PN modelling and if there is a good alignment of the results, we do not need to further discuss a PN model in the requirement definition phase. Similar to how NR_47GHz_band handled this question [5].
As in the Rel-17 NR_47GHz_band WI, do consider PN impact in the delivery of impaired results via extra margin, but do not impose the implementation of PN modelling.

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:

Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
1. Using a TDL model is ill suited to model a M-Probe OTA setup with a Multi-Rx device for a link level simulation.

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  to generate OTA chamber internal H matrix for M-Rx 4-layer LLS simulations.

We have provided simulation results for two ways to calculate ,  (3GPP model-based and simulation-based). We see the simulation-based model to be more realistic, hence it should be used to define , .
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: = = 0.1
- AoA90: = = 0.01
- AoA150: = = 0.03
Similar analysis as we have provided for 2-layer (1+1) can be done for 4-layer (2+2)

Best beam pair selection for demodulation performance requirements.
Assuming that delta AoAs are proposed as 30, 90 and 150 degrees, each of those delta AoA would have a best beam setting. 
UE must maintain the beam from each panel fixed during each MultiRx performance test.

Whether to introduce requirements for both single-DCI and multi-DCI scenarios
We see it too early in the WID progress to reduce the agreed transmission schemes.
Keep the current agreement of transmissions schemes and layer combinations for evaluation for companies to provide simulation results also in the next meetings.

For single DCI performance, the UE will process a 2x2 or 4x4 MIMO receiver in a very similar manner as FR1 requirements with the difference of the correlation model.
For Single DCI use delta AoA of 30 and 90 for performance requirement definition.
For Multi-DCI fully overlapping use delta AoA 30, 90, 150 degrees for performance requirement definition.
Define at least one set of performance requirements for Multi-DCI non-overlapping.
Consider the following combinations for receiver configuration:
1) Single-DCI 1+1: UE joint processing with 2x2 where each layer is sent from each probe
2) Single-DCI 2+2: UE joint processing with 4x4 where 2 layers are sent from each probe
3) Multi-DCI 1+1: UE separate processing with two times 1x1 where each layer is sent from each probe
4) Multi-DCI 2+2: UE separate processing with two times 2x2 where 2 layers are sent from each probe
5) Multi-DCI 2+2: UE joint processing with 4x4 where 2 layers are sent from each probe
PN model and PN compensation
As in the Rel-17 NR_47GHz_band WI, do consider PN impact in the delivery of impaired results via extra margin, but do not impose the implementation of PN modelling.
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Annex
Simulations shown here consider the single TRP scheme with 2x2 low antennae configuration. The main simulation parameters used for the simulations are 
· FR2-1, 30 GHz carrier frequency 
· 120 KHz SCS/100MHz CBW
· Channel: TDLA30-75
· Antenna configuration of 2 x 2
· Rank 2
· DMRS symbols at (2,11) symbol indexes. 
These results can be used as the best case scenario for each TRP in a multi-DCI with non-overlapping scheme with 2+2 as layer combination.
[image: ]
Figure 5 FR2-1 single TRP results

Table 4 Results for PDSCH - Single TRP with 2 layers
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	RB Allocation Size
	Fraction of maximum throughput (%)
	SNRBB (dB)

	100/120
	FR2.120-1
	MCS7
	2
	TDLA30-75
	2x2 ULA Low
	66
	70
	8.6

	100/120
	FR2.120-1
	MCS13
	2
	TDLA30-75
	2x2 ULA Low
	66
	70
	14,6

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2x2 ULA Low
	66
	70
	19.0

	100/120
	FR2.120-1
	MCS21
	2
	TDLA30-75
	2x2 ULA Low
	66
	70
	24.5
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