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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]. A previous WF [3] identified whether a previous agreement [2] ‘For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline’ should be reversed. We share our view, which is influenced by 

Discussion
mDCI vs sDCI requirements
A UE enhanced for this feature needs 4 receivers to support 4L in DL. mDCI and sDCI UEs however have fundamentally different processing in baseband that in turn can impact sensitivity. For the agreed UE RF requirement format (rank1/AoA), the sDCI UE views the 2 TRPs through a single 2x4 MIMO channel which naturally leverages spatial diversity in addition to pol. diversity, while the mDCI uses two independent receiver pairs, each allocated to receiving the DL exclusively from one TRP and uses a 2x1 channel (pol. diversity, exclusively). 
If the TRPs are well separated, and the receiver pair assigned to receive from one TRP cannot see much of the DL from the other TRP, the functional differences between mDCI and sDCI fade. When good spatial isolation as described above is not present, demod differences start to manifest. Another aspect that can widen the difference is preservation of rank 2 for sDCI UEs. In the mDCI case, the unintended TRP is always a power interferer, but in the sDCI case, differing phases of the DL signals as received by the receivers can be exploited to overcome poor spatial isolation. 
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Description automatically generated]To illustrate this concept, we undertook a simplified study using the agreed DL signal types for the UE RF requirements (rank1/AoA). We considered a case of 2 side-by-side identical and identically oriented dual pol receiver pairs. Each of the receiver pairs can be considered as the Rel-15 assumption of the FR2 receiver. We considered a polarization basis (rotation) misalignment ‘α’ between the TRPs and the UE.  The rank1 DLs from the TRPs were arranged to not have perfect orthogonal polarizations at the receiver antennae, the loss of orthogonality is ‘’. The loss of orthogonality is the net effect of geometric considerations (between TRP and UE) and antenna cross-pol coupling factors. We used a rank2 capable MMSE receiver attached to each dual pol receiver pair (legacy assumption), and the target SINR for sensitivity was set to 0 dB for convenience and proximity to that of QPSK 1/3. 
We calculated the DL powers necessary from each TRP so the constituent layers each achieved the target S(I)NR. We then compared the DL powers for the mDCI case and the sDCI case.
The figure on the right shows the per layer sensitivity advantage enjoyed by sDCI UEs which perform joint 2x4 demod, rather 2 independent receivers under the conditions studied. The advantage can be attributed to each layer is reconstructed from 4 receivers in the sDCI case rather than 2 in the mDCI case. This perspective is a per-TCI state perspective. The Annex shows a couple of per-UE perspectives that can also be used to quantify this behavior.
The results show that there is demod performance advantage in favor of sDCI in less-than-ideal TRP spatial isolation conditions. This difference in performance fades when there is significantly more spatial isolation from the beams in relation to the target SNR. In physical terms, this could happen in the best-case scenario when the UE has multiple modules, each with non-overlapping spatial coverage, and each module sees exclusively one TRP. This advantage remains in the sDCI UE’s favor for most real-world cases where there is less than ideal spatial isolation and higher MCS.
Observation 1: In the UE RF requirement context, sDCI UEs have equal or better demod performance than mDCI due to superior diversity gain. 
The difference in observed performance during compliance testing would depend on the requirement framework established to test this feature, specifically how much the UE is exposed to stressful conditions like poor spatial isolation between the TRPs. It is therefore not clear that mDCI UEs can share the same performance expectations as sDCI UEs in the general case. This aspect needs study separate from what is already necessary for sDCI UEs.
mDCI also has multiple sub-variants, which bring with them differing sensitivity expectations. If the mDCI UE only declares support for non-overlapping time and frequency cases, there would be no inter-beam interference during operation but if the UE declares support for full overlap, there would be real-world conditions with interference. Analysis of these variants represent significant scope expansion on an already complex problem. 
Observation 2: Treatment of mDCI UEs represents a significant scope expansion that could jeopardize the completion of the agreed baseline case (sDCI UEs). 
In short, the original motivations to choose sDCI as a baseline for UE RF requirements remain intact. We therefore prefer to retain the baseline assumption of using sDCI assumptions for determining the basic requirements. We however support UE RF requirement specification for mDCI UEs, and believe the framework established for sDCI UEs can be reused for mDCI UEs. To ensure progress in this complex WI we propose that while discussions on mDCI UEs can continue, progress on mDCI UE requirement specification cannot gate sDCI requirement specification: 
Proposal: UE RF requirements for mDCI UEs will be specified after completion of the requirement design and specification process for sDCI UEs. Specification of mDCI requirements shall not gate the entry of sDCI requirements into the standard.
We would like to point out that the proposal above differs from a status quo in offering concrete steps to completion of mDCI requirements.
Conclusions
Observation 1: In the UE RF requirement context, sDCI UEs have equal or better demod performance than mDCI due to superior diversity gain. 
Observation 2: Treatment of mDCI UEs can represent a significant scope expansion that could jeopardize the completion of the agreed baseline case (sDCI UEs). 
Proposal: UE RF requirements for mDCI UEs will be specified after completion of the requirement design and specification process for sDCI UEs. Specification of mDCI requirements shall not gate the entry of sDCI requirements into the standard.
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Annex
From basic considerations, it is easy to see that enhanced diversity combining across 4 receivers gives an advantage to sDCI UEs when there is any form of interference between TRPs. It is worthwhile to look at this behaviour in more detail.
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Description automatically generated]One way to view the advantage of enhanced UEs is in terms of a joint figure of merit that is can be applied at a per-UE level, rather than a per TCI-state level. This means some form of combination of the SNRs or conversely some form of combination of the sensitivities, given a target SNR. The FoM attempts to capture some notion of the UE’s enhanced downlink ability from the AoA pair being tested, relative to legacy functionality in terms of an improved equivalent legacy sensitivity. For an AoA pair, one formulation could be [4]:

A lower FOM sensitivity is better. The mDCI (green surface) UE has a sensitivity FOM that is on average between 2 and 3 dB better than the legacy functionality due to higher throughput than the legacy case for the conditions tested. It should ideally be 3 dB but this is degraded when antenna correlation increases (equivalent to loss of orthogonality in the receiver). Some local conditions cause the FoM to degrade to merely a 1 dB benefit compared to legacy 2L operation. The physical manifestation of the problem is when one of the layers suffers from poor SINR due to a combination of polarization misalignment and loss of orthogonality.
The sDCI UE (red surface) shows much better sensitivity FOM compared to mDCI UEs which is consistent with better diversity combining of each layer.
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Description automatically generated]Another per-UE perspective is to use the expression for MIMO channel capacity and determine what the equivalent improvement in the legacy sensitivity would have to be for the legacy rank1 functionality to match the MIMO channel capacity, relative to legacy functionality. We assume DL power from each TRP equals the legacy sensitivity. In other words, the 0 dB level in the figures represents the legacy rank1 sensitivity level.
This method is more exact compared to the harmonic sum formulation above, but it is not as convenient to handle due to a more complicated relationship with the SNRs. 
The sDCI UE (red surface) shows better equivalent sensitivity improvement using the more exact quantification too.
Comparison shows that the FOM sensitivity is pessimistic in capturing the advantage, but it remains largely monotonic with the capacity improvement and therefore suitable for quantifying the UE’s network benefit.
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