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Introduction
In a previous WF [1], multiple aspects were identified towards conceptually defining the FR2-1 RedCap UE. In this contribution we share our views on whether a dual pol. receiver is appropriate for a RedCap UE, along with technical justification.
Discussion
Is a single pol. assumption ok for UE Rx RF?
In the DL, the gNB is allowed to transmit in orthogonal polarizations even for Rank 1 (polarization diversity). We have shown previously that when the transmitter uses polarization diversity in addition to frequency diversity, a single pol. receiver can create unrecoverable flatness artefacts in the spectrum received after an OTA flight [2]. ‘Frequency diversity’ here covers not only a range of enhancements but also some unintended non-idealities that creep into the transmitter. An example of the latter is differential delay in the H and V pol transmission from the gNB during rank1 DL. A graphical example of the flatness artefact in the spectrum of the single pol. receiver is in figure 2.1-1. Misalignment here pertains to polarization bases of the UE and gNB respectively.
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Figure 2.1-1: Single pol. Rx spectrum for dual pol transmitter with differential delay





Observation 1: The DL signal transmitted from two polarizations can appear to have a significantly non-flat PSD to a UE with a single pol. Rx.



The frequency-domain periodicity of the ripple ‘∆f’ in the PSD depends on the differential delay ‘∆tdd’, and is given by ∆f=1/∆tdd
For wider channels typical of FR2-1, the differential delay requirement on the transmitter to enable single-pol. receivers reduces to nanoseconds or less, which can become challenging to meet. Just millimetres of routing differences at RF frequency would manifest as ripple or large slope (partial ripple) in the received spectrum of a single-pol Rx. 
From a deployment perspective, the FR2-1 gNB is not likely to be dedicated to RedCap devices, so dual-pol Tx from the gNB is the likely scenario regardless of UE type. A ripple pattern would thus be inevitable in single pol. receivers. The ripple pattern would reduce the SNR on some sub-carriers while increasing it for others. The location of the ripple or slope is dynamic. Also, the DL is CP-OFDM, with no transform spreading to ‘spread’ the impact of poor SNR in some SCs (bottom of the ripple). All of these add up to poor utilization of DL resources.
Observation 2: UEs with single pol. receivers utilize DL resources inefficiently.
To preserve the quality of the FR2-1 network given a mixed population of RedCap and non-RedCap UEs, single pol. receivers are not an optimal choice. CA and DC are already not mandated for RedCap UEs, and in this context, element count reduction is a more gainful way to reduce UE complexity.
Observation 3: Element count reduction is a more gainful way to reduce complexity for the RedCap UE.
We have also shown [4] that this flatness artefact can be removed by employing two receivers, arranged to receive mutually orthogonal polarizations, followed by MRC (‘2 Rx’). The physical reason for this is that while each single pol. receiver still sees the ripple due to imperfect dual pol. transmit, the ripple patterns are complementary in the case of orthogonal polarization reception. So, between the two polarizations, all the power is available for each sub carrier, and the spectrum can be reconstructed without ripple during the equalization process.
The single pol. receive problem has been studied as part of the recently concluded SI on FR2 Enhanced Test Methods, where the 2 RX solution has been identified as the direction of enhancement for TE in [3]:
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Observation 4: Dual pol. receivers are necessary for robust demodulation in FR2-1 context.
Proposal 1: To preserve network efficiency, the RedCap FR2-1 UE receiver shall be assumed to be 2 Rx. 
By standards convention, this merely means that a UE is still free to implement a single pol. receiver if it can meet expectations based on 2 Rx. 
Conclusion
Observation 1: The DL signal transmitted from two polarizations can appear to have a significantly non-flat PSD to a UE with a single pol. Rx.
Observation 2: UEs with single pol. receivers utilize DL resources inefficiently.
Observation 3: Element count reduction is a more gainful way to reduce complexity for the RedCap UE.
Observation 4: Dual pol. receivers are necessary for robust demodulation in FR2-1 context.
Proposal 1: To preserve network efficiency, the RedCap FR2-1 UE receiver shall be assumed to be 2 Rx. 
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* Proposal

« It is proposed to confirm the dual polarization coherent re rs measurement setup as the
enhancement which addresses the UE demodulation part of the polarization mismatch objective

* Agreement

* RAN4 confirms the dual polarization coherent receivers measurement setup as the enhancement which
addresses the UE demodulation part of the polarization mismatch objective




