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[bookmark: _Toc116995841]Introduction
In RAN4#107 it was agreed that RAN4 is to adopt the virtual cable setup to test FR2 multi-Rx demodulation requirements. Based on this agreement, a correlation model was agreed to ensure it is possible for companies to provide simulation results in RAN4#108. 
In this paper we will further discuss the agreed correlation model including the candidate values for cross-talk and cross-polarization used for simulation purposes. In addition, we will further discuss the need for including joint demodulation (4x4) in addition to separate demodulation (2x(2x2)).

Discussion
New correlation matrix
Prior agreement and our understanding of the model
In RAN4#107 the correlation model to be used for simulation was agreed based on the assumption of wireless cable approach (see [1]):
	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 cross-talk power
· Candidate cross-talk 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.




In order to appreciate the impact of all the parameters of the X-Pol correlation model (α, β, γ) and contrast them against the impact of the agreed crosstalk (ρ), we find it useful to think in an extended 2*(4x4) example, which then actually includes α and β.
[image: ]
Figure 1: 2*(4x4) multi-RX example to highlight all parameters of the X-Pol model and the cross-talk
We want to especially highlight, that the antenna X-pol correlation factor γ does not link the transmit to the received side. It only acts within the transmit and receive panels.
It was discussed in RAN4#107, if another correlation factor should be included between the UE receive panels, due to their spatial proximity, but such proposals were lost due to mix-ups in understanding with the cross-talk factor (ρ).
The antenna X-pol correlation factor γ does not link the transmit to the received side; it only acts within the transmit and receive panels. Using an additional correlation factor between the UE receive panels, due to their spatial proximity, was brought up but dropped from the discussion.

Cross-talk values
In RAN4#107 it was discussed which values to include as candidates for the cross-talk power to be used in the initial simulations. As it is possible to have deployment situations, where most of the power from the 2nd TRP is passed to the 1st TRP, the number of cross-talk power candidates should be extended to include scenarios where the cross-talk signal is represented with up to equal power of the wanted signal.
However, our simulations for this meeting indicate that such a scenario might be very challenging for the 2*(2x2) implementations of multiRX in fully overlapping resource allocations. For joint demodulation (4x4), we expect the performance to not suffer to this degree, thus we shall extend the cross-talk candidate space to include -3dB and 0dB, at least for joint demodulation, if other companies result confirm our observations for 2*(2x2) implementations.
To represent deployment scenarios, where the cross-talk signal level is similar to the level of the wanted signal, additional values of -3dB and 0dB will need to be added to the list of candidate cross-talk power values.
Extend the candidate cross-talk power values to include -3dB and 0dB, at least for joint demodulation.


Receiver assumption
In RAN4#107 the receiver assumption was discussed, and it was agreed to keep both independent and joint processing open for evaluation (see [1]):
	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.




For mDCI with fully overlapping configuration, our simulation results with MCS13 and the agreed values of ρ provided in [4] shown here in Figure 1 we see that using the agreed correlation model, it is only possible to achieve 70% of maximum throughput for ρ=-12dB and ρ=-15dB in the 2*(2x2) case and since the target value for the OTA chamber is isolation <12dB it will not make sense to define requirements for 70% of maximum throughput with independent processing using the agreed correlation model and higher values of ρ unless a much lower MCS is used that MCS13.
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[bookmark: _Ref142514511]Figure 2: FR2-1 multi TRP results – 2*(2x2) – MCS13 for different levels of crosstalk

Hence, for mDCI with fully overlapping configuration, with different AoA offset, joint processing shall be a required alternative. In addition, as our simulation results in our contribution on the topic for RAN4#107 (see [3]), show the 2nd TRP signal received by the panels becomes relevant, for example, it becomes the highest value when the angular offset equals 30 degrees. This result supports the other TRP signal can be expected to become stronger for smaller values of angular offset. Hence, it was suggested to treat it as part of the useful signal by using a joint detection processing, as opposed to treating it as interference.
Using joint processing receiver is expected to highly improve the performance compared to independent processing for higher MCS, hence using joint processing will make it possible to define requirements in cases with low AoA (i.e., higher values of ρ). As we especially see scenarios with low AoA as highly likely to occur in real deployment, which we also showed in our contribution for RAN4#107 (see [3]), joint processing must be considered.
It is expected that scenarios with low AoA (i.e., high values of ρ) will occur in real deployment. In such scenarios joint processing will be required.
To facilitate defining requirements with especially the higher candidate values for cross-talk (ρ) and for higher MCS, the use of a receiver capable of joint processing is required.
For sDCI SDM and mDCI fully overlapping, introduce requirements with joint processing receiver.

[bookmark: _Toc116995848]Conclusion
In this paper we have presented 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:

Prior agreement and our understanding of the model
1. The antenna X-pol correlation factor γ does not link the transmit to the received side; it only acts within the transmit and receive panels. Using an additional correlation factor between the UE receive panels, due to their spatial proximity, was brought up but dropped from the discussion.

Cross-talk values
1. [bookmark: _Toc116995849]To represent deployment scenarios, where the cross-talk signal level is similar to the level of the wanted signal, additional values of -3dB and 0dB will need to be added to the list of candidate cross-talk power values.
1. Extend the candidate cross-talk power values to include -3dB and 0dB, at least for joint demodulation.

Receiver assumption
It is expected that scenarios with low AoA (i.e. high values of ρ) will occur in real deployment. In such scenarios joint processing will be required.
To facilitate defining requirements with especially the higher candidate values for cross-talk (ρ) and for higher MCS, the use of a receiver capable of joint processing is required.
For sDCI SDM and mDCI fully overlapping, introduce requirements with joint processing receiver.
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