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Introduction
The overall objective of the multi-Rx chain DL reception WI is to enable a UE to receive up to 4L ‘with simultaneous DL reception with two different QCL TypeD RSs on single component carrier’ [1]. In this contribution we build on previous agreements [2] towards defining the UE RF requirement.
Discussion
High level direction for UE RF requirements
A previous agreement [2] established that UE RF requirements …. shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.Fig 2.1-1: UE RF requirement configuration
Each arrow represents a Rank1 signal

This scheme is shown graphically in Figure 2.1-1. Note that UL is arbitrarily shown to be associated with one of the TCI states. For this feature, the UL is not intended to be also upgraded for multi-TCI states. The UL configuration is assumed to be single TCI state rank1.
This agreement is significant as a boundary condition for the construction of a UE RF requirement because it deviates from directly verifying the eventual goal of this WI, which is to enable 4L DL MIMO.
Put another way, the UE RF requirement is merely a FOM to score UE functionality to independently track 2 QCLD RSs, rather than staying true to some 4L deployment condition. This freedom allows closer co-development across the test setup and the UE requirement. In this case, it is generally understood that the UE requirement would be a strong function of the test set up capability and cannot be completed without a good understanding of the latter.
We note however that many details of the UE RF requirement are agnostic of the test setup and can be pursued in parallel with the test set discussion. We consider some of these details in sections below. 
Beam management RS
In a multi-TRP construct, each TRP has an associated TCI state that informs the UE of the associated BMRS. The BMRS referenced in this context does not differ from those assumed for the Rel-16 inter-band CA feature in FR2. Recall also that the UE can indicate to the network its ability to use either kind of BMRS via the Rel-16 IEs beamCorrespondenceSSB-based-r16 and beamCorrespondenceCSI-RS-based-r16. 
Proposal 1: The UE uses Rel-16 IEs beamCorrespondenceSSB-based-r16 and beamCorrespondenceCSI-RS-based-r16 to convey to the network what QCL-D reference signal it can support for the multi-chain Rx feature.  
It is well understood that CSI-RS-based BMRS is more capable than SSB for beam management at the expense of resource overhead. One significant advantage is that the CSI-RS signal can be configured as a 2-port signal, allowing the UE a much more complete view of the channel, and consequently a better shot at finding the optimal beam(s).
Proposal 2: For this feature, the TE configures 2-port CSI-RS QCL-D reference signals from each TRP when CSI-RS is required by the UE for beam management.
DL signal polarization Fig 2.3.1-1: 2AoA test configuration for UE RF 

Background
The test system grid and the DUT UE are shown in figure 2.3.1-1. Regardless of chosen test set up, 2 TRPs are required for simultaneous transmission of DL signal towards the UE from 2 AoAs. Each TRP in this context is a transmit/receive antenna of the TE.
The local unit vectors at each AoA, ̂ and  ̂  together show the polarization basis of the associated DL antenna. At each TRP, the TE has the option to use any one or both these polarizations for its DL signal.
Recall that the agreement established that the UE RF requirement is based on a rank 1 DL signal from each TRP: 
UE RF requirements …. shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.
Each TRP can get by with transmitting in just one polarization, due to the single-layer per AoA condition. When the test AoAs are far apart, UE beams formed towards each TRP can discriminate between DLs and a rank 2 channel is feasible. This is especially true of low MCS where the spatial isolation requirements are low. The choice of polarizations are used by the TRPs are of minimal impact due to spatial isolation from beam forming towards the different directions.
AoAs with ‘small’ angular separationFig 2.3.2-1: 2AoA test configuration for UE RF 

A small angular separation represents the condition where the UE is not able to deploy beams towards each TRP that sufficiently suppress the signal from the other TRP. This lack of spatial isolation can significantly impact the UE’s ability to maintain a rank 2 channel. Moreover, this impact will differ from UE to UE, due to dependence on beam shapes, beam density, etc. It is therefore important to devise a method that scores the UE on its ability to independently track 2 RSs while remaining robust to the small separation problem. 
Consider the example arrangement of DL signals as shown in figrure 2.3.2-1, where TRP1 exclusively uses q polarization when TRP2 exclusively uses f polarization. For narrow AoA separation, the DL signals appear at the UE as ‘polarization MIMO’ (legacy 2L DL case). The orthogonality of the 2 DL signals gets stronger as the AoAs move closer together. Rank 2 is therefore preserved from the UE’s perspective despite insufficient spatial isolation.
It is also evident that this arrangement does not complicate reception when the AoAs are well separated.
Proposal 3: The RF requirement for any AoA pair is defined with assumption that TRP1 uses q polarization when TRP2 uses f polarization and vice-versa (q and f are the angular coordinates of the test system grid).
Throughput criterion 
In the legacy FR2 sensitivity requirement, a rank1 DL signal from a single AoA was used as the test signal, and the throughput for the sensitivity condition is judged against a nominal or 100% throughput condition. This throughput condition is established for a single CC case by supplying sufficient DL power along the beam peak direction and locked MCS (see clause 7.3.2.1 of TS38.101-2). 
For FR2+FR2 DL inter-band CA, the single CC 100% throughput level, as well as the associated RMC are co-opted for each band in the CA combination. The justification is that there is at least one direction in each band that can support the max. throughput for the MCS locked case, given sufficient DL power for both bands. 
This logic can be extended to the proposed UE RF requirement for the 2-AoA DL with rank 2. For example, in the 2 TCI-case, RAN4 can persist with the same RMC as the single CC case. This will allow leveraging existing requirements where convenient. 
Proposal 4: The RMC used for the proposed UE RF requirement for the 2-AoA rank 2 DL is shared with the RMC referenced in clause 7.3.2.1 of TS38.101-2 (single CC REFSENS)
A previous agreement [2] established that (f)or setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline. 
In a single DCI scheme, throughput is only available over both DLs cumulatively, rather than per DL or per TRP or per layer. For a meaningful throughput criterion, it is therefore necessary to define a full-capacity throughput in a cumulative sense across both TRPs.
Extending the logic from inter-band CA, in the low MCS 2-AoA rank 2 case, it would be reasonable to expect that there is at least one direction per TRP that can support the max. throughput for the MCS locked case, given enough DL power from that TRP. An equivalent statement is that the UE can support two concurrent DL beams with sufficiently low mutual interference, so the nominal throughput is twice the nominal throughput in the single CC case. A UE that is not able to support this situation even for low MCS is ill-suited to real world operation from 2 AoAs with rank 2 or rank 4 DL.
Proposal 5: The nominal or 100% throughput condition for the proposed UE RF requirement for the 2-AoA rank 2 DL is twice the maximum throughput determined for the REFSENS requirement for the single CC case for that band.
Sensitivity
Retaining the locked MCS assumption for the 2AoA rank 2 DL case, a sensitivity condition can be achieved with either balanced SNRs across the layers or imbalanced. A conceptual example is shown below with a pair of scenarios:
· Balanced: SNR1 = target SNR, SNR2 = target SNR
· Imbalanced: SNR1 = target SNR+A dB, SNR2 = target SNR – B dB; A,B>=0
In a locked MCS case, the SNR can be increased indefinitely without significant improvement in throughput, so the parameter ‘A’ can take on multiple values in the imbalanced SNR case. To get a unique sensitivity point, RAN4 could make some arbitrary rule like ‘the transmitted DL powers from each TRP are the same’. In this case, the weaker link sets the DL power level and the stronger link ends up with higher SNR than it needs for the chosen locked MCS. It is evident that this rule does not enable locating a true sensitivity condition for both links. 
The balanced SNR case on the other hand aims to run both links at the same effective SNR, and so, it represents a unique distribution of radiated DL power densities for the sensitivity case. The balanced SNR method is therefore a good candidate for the sensitivity condition for the 2 AoA case.  
There are multiple techniques to establish balanced SNRs across the receivers dedicated to tracking each TRP, using either L1-RSRP or L1-SINR reports, each with its benefits and drawbacks. These options can be discussed further in the future. The TE would use these reports at each test point (i.e. for each pair of AoAs) to determine the necessary offset in radiated DL powers from each TRP so equal SNR metrics are reported for both TRPs. The TE searches for the throughput condition by moving the DL powers for the 2 TRPs up and down in unison while preserving the offset. 
Proposal 6: For each test point (AoA pair), the individual DL powers from each TRP are set in a ratio that enables a balanced sensitivity condition, where ‘balance’ refers to equal SNR metrics per TRP.
The throughput is a cumulative quantity across both TRPs, so it is natural to consider a composite sensitivity level as the linear sum (mW domain) of the radiated DL powers at the UE location during test.
Proposal 7: For a balanced sensitivity condition, sensitivity is the linear sum (mW domain) of the DL power levels at the UE location.
Pre-requisite capabilities for UEs 
The WID [1] already identifies the capability ‘simultaneousReceptionDiffTypeD-r16’. The WI intends to enhance the DL throughput capability, so it is important for the UE to be able to receive independent data from the two directions, rather than just an enhanced spatial diversity scheme. The capability that is essential for supporting 2 TCI-state independent data stream functionality is ‘singleDCI-SDM-scheme-r16’.
Finally, a self-evident requirement from the WID objective is support of 4L in the associated FeatureSetDownlinkPerCC.
Proposal 8: Support for simultaneousReceptionDiffTypeD-r16 and singleDCI-SDM-scheme-r16, along with support for 4L DL are pre-requisites for the UE to support ‘simultaneous DL reception with two different QCL TypeD RSs on single component carrier’.

Conclusions
On beam management:
Proposal 1: The UE uses Rel-16 IEs beamCorrespondenceSSB-based-r16 and beamCorrespondenceCSI-RS-based-r16 to convey to the network what QCL-D reference signal it can support for the multi-chain Rx feature.  
Proposal 2: For this feature, the TE configures 2-port CSI-RS QCL-D reference signals from each TRP when CSI-RS is required by the UE for beam management.
On the UE RF requirement:
Proposal 3: The RF requirement for any AoA pair is defined with assumption that TRP1 uses q polarization when TRP2 uses f polarization and vice-versa (q and f are the angular coordinates of the test system grid).
Proposal 4: The RMC used for the proposed UE RF requirement for the 2-AoA rank 2 DL is shared with the RMC referenced in clause 7.3.2.1 of TS38.101-2 (single CC REFSENS)
Proposal 5: The nominal or 100% throughput condition for the proposed UE RF requirement for the 2-AoA rank 2 DL is twice the maximum throughput determined for the REFSENS requirement for the single CC case for that band.
Proposal 6: For each test point (AoA pair), the individual DL powers from each TRP are set in a ratio that enables a balanced sensitivity condition, where ‘balance’ refers to equal SNR metrics per TRP.
Proposal 7: For a balanced sensitivity condition, sensitivity is the linear sum (mW domain) of the DL power levels at the UE location.
On UE capability pre-requisites:
Proposal 8: Support for simultaneousReceptionDiffTypeD-r16 and singleDCI-SDM-scheme-r16, along with support for 4L DL are pre-requisites for the UE to support ‘simultaneous DL reception with two different QCL TypeD RSs on single component carrier’.
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