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Introduction
[bookmark: _Hlk73468342]In the discussions on Rel-19 RAN4 package, some topics would impact both RF/OTA and Demod/RRM. 
In this contribution, we provide views on our prioritized topics in this area.
Discussion
[bookmark: _Hlk73468315]2.1 FR2 multi-Rx chain DL reception enhancement
FR2 Multi-Rx chain DL reception is a very attractive feature. It can enable support of 4-layer DL MIMO in FR2, where only 2-layer DL MIMO can be supported without considering multi-Rx chain DL reception. This will highly increase system throughput performance by taking advantage of multi-Rx chains that are already equipped with UE.
From RRM measurement perspective, FR2 measurement delay reduction can be achieved by multi-Rx chains, especially for L3 measurement.
In addition, scheduling availability enhancement and/or measurement restriction relaxation can also be achieved by taking advantage of simultaneous DL reception capability of multi-Rx chain. 
In Rel-18, multi-Rx chain DL reception is supported for some basic scenarios and functions.
· The feature is supported for single carrier case only
· Only focused on intra-cell multi-TRP operation scenario
· TCI state switch requirements are specified based on Rel-15/Rel-16 TCI framework
· Requirements are specified for receive time difference less than CP only
In RF discussion, a new spherical coverage requirement is defined for multi-Rx in Rel-18 which is based on functionality test but the requirement is specified for PC3 only. For other power class, the form factor is quite different and more study is necessary. In addition, the new requirement is only applicable for single carrier.
It is worth enhancing further on FR2 multi-Rx DL reception in Rel-19 to support typical scenarios/configurations, e.g., CA, unified TCI.

Rel-19 FR2 multi-Rx RRM enhancement
RRM enhancement can be considered in following aspects.
· 4-layer MIMO
· Specify enhanced requirements for TCI state switch with unified TCI state framework.
· TCI state switch involving multiple CCs, if CA is supported

· Measurement delay reduction
For some of the L3 procedures, e.g., Handover, PSCell addition, PSCell change, Rx beam sweeping is needed in FR2 which will lead to long procedure delay. The delay can be largely reduced by using multi-Rx chain. Since it is not frequent, the power consumption is acceptable.
For L3 measurements, however, it could be frequent measurements which will cause significant UE power consumption if multi-Rx chains are enabled for a long time. It needs further consideration whether enhancements can be made.
· Specify enhanced requirements for HO, PSCell addition, PSCell change for delay reduction
Inter-cell M-TRP was not considered in Rel-18 multi-Rx WI. It is relevant to LTM and is a useful feature. The ICBM measurement delay can be reduced considering multi-Rx chain.
· Specify enhanced requirements on Inter-cell beam management

· CA/DC support
Only single carrier was considered in Rel-18. More typical deployment of FR2 would be CA or DC. Requirements for enabling CA for multi-TRP operation should be defined.
· Enable multi-Rx reception for FR2 CA
· Enable multi-Rx reception on one carrier when CA/DC is configured.

· Scheduling restriction/measurement restriction relaxation
In Rel-18, scheduling restriction/measurement restriction relaxation were specified for CSI-RS based. It can be considered in Rel-18 whether such relaxation can be achieved for SSB-based measurement. 
· Study and specify enhanced requirements, if feasible, for SSB-based measurements

[bookmark: _Hlk152444228]Rel-19 FR2 multi-Rx RF enhancement
Currently, the calibration is performed before the simulation and after the calibration, the requirement is only sensitive to the beam pattern of UE which make the requirement be band-agnostic. However, for different power class, the assumptions of antenna module, panel location, etc., are different and beam pattern is also changed, so for each power class, the multi-Rx RF requirement need to be reevaluated.  PC1, PC2, PC5 can be considered.
· Specify the spherical coverage requirement for PC1, PC2, PC5 
CA is also a typical scenario and how to enable CA with multi-Rx need to be further studied. For intra-band CA, the interference between beams is higher than single carrier which may need relaxation. For inter-band CA, the inter-beam interference may be different for same frequency group (e.g., 28GHz+28GHz) and different frequency group (e.g., 28GHz + 39GHz) which depend on the antenna module design. In addition, the relationship between the new functionality-based spherical coverage and “common spherical coverage” of inter-band CA is also unclear.
· Study and specify the spherical coverage requirement, if feasible, for intra-band/inter-band CA

Rel-19 FR2 multi-Rx Demod enhancement
Demodulation requirements are specified for single carrier in Rel-18 multi-Rx WI. If CA is to be supported in Rel-19, corresponding demodulation requirements for CA should also be specified.
· Specify demodulation requirements for FR2 CA

Proposal 1: Multi-Rx enhancement work item in Rel-19 targets following aspects.
Rel-19 FR2 multi-Rx RRM enhancement
· 4-layer MIMO
· Specify enhanced requirements for TCI state switch with unified TCI state framework.
· TCI state switch involving multiple CCs, if CA is supported
· Measurement delay reduction
· Specify enhanced requirements for HO, PSCell addition, PSCell change for delay reduction
· Specify enhanced requirements on Inter-cell beam management
· CA/DC support
· Enable multi-Rx reception for FR2 CA
· Enable multi-Rx reception on one carrier when CA/DC is configured.
· Scheduling restriction/measurement restriction relaxation
· Study and specify enhanced requirements, if feasible, for SSB-based measurements
Rel-19 FR2 multi-Rx RF enhancement
· Specify the spherical coverage requirement for PC1, PC2, PC5 
· Study and specify the spherical coverage requirement, if feasible, for intra-band/inter-band CA
Rel-19 FR2 multi-Rx Demod enhancement
· Specify demodulation requirements for FR2 CA

2.2 RedCap enhancement
RLM/BFD relaxation is a key feature for NR UE power saving enhancement in Rel-17, which is applicable for both non-RedCap UE and RedCap UE. In Rel-17 RedCap WI, RAN4 discussed whether and how to specify RLM/BFD relaxations for Redcap UEs. However, the relaxed RLM/BFD requirements are not yet specified for Redcap. Considering RLM/BFD relaxation can also bring quite power saving gain for RedCap UE, it is necessary to specify corresponding requirements.
Low power class, which will have relative lower radiated power and reference sensitivity requirement, could further reduce device complexity and improve power efficiency. It is attractive for RedCap UE.
Currently, NR RedCap devices are mandated to support 23dBm power class, GaAs based external PA is used in the device to support 23dBm. However, indoor devices normally transmits at low power level, e.g. 0~10dBm, in which case The PAE (PA efficiency) is very low (less than 5%) and GaAs based PA also increases the device cost.
In addition, as shown in Figure 1, observations from SLS based on 3GPP model present that: 
· For InH scenario, 10dBm Tx power level is sufficient for 100% UEs
· For dense urban scenario, 14dbm Tx power is sufficient for 90%+ UEs with 20MHz Tx BW, and 14dBm Tx power is sufficient for 100% UEs with 5MHz Tx BW or lower.
[image: ]
Figure 1: SLS for InH and Dense Urban UL
With lower UE power class (e.g. 14dBm, 20dBm), CMOS PA is feasible instead of GaAs, which could provide potential benefits as: 
· Reduced device cost
· Improved PAE in low Tx power range, compared with 23dBm capable devices by GaAs PA
· Applicable for UE types with shorter communication range
Last, without increasing RedCap UE complexity, it is valuable to RAN4 to further study whether the MPR can be optimized at certain regions, e.g., outer-RB allocations, under condition of specific CBW allocations of RedCap channel.
To make RedCap more commercially successful, Redcap requirements could be further enhanced. The enhancement could be considered from RF perspective and RRM perspective in following aspects.
Rel-19 RedCap RRM enhancement
· RLM/BFD measurement relaxation
· Specify the RLM/BFD relaxation requirements for RedCap in Rel-19
Rel-19 RedCap RF enhancement
· Low UE power class- UE RF impacts
· Specify lower power class (14dBm and/or 20dBm) and corresponding RF requirements for RedCap in Rel-19
· MPR reduction for RedCap UEs
· UE complexity is not increased
Therefore, we have the following proposals for Rel-19 RedCap WI scope.
Proposal 2: RedCap enhancement work item in Rel-19 targets following aspects.
Rel-19 RedCap RRM enhancement
· RLM/BFD measurement relaxation
· Specify the RLM/BFD relaxation requirements for RedCap in Rel-19

Rel-19 RedCap RF enhancement
· Low UE power class- UE RF impacts
· Specify lower power class (14dBm and/or 20dBm) and corresponding RF requirements for RedCap in Rel-19
· MPR reduction for RedCap UEs
· UE complexity is not increased

Conclusion
In this contribution, we provided our views on the topics that would impact both RF/OTA and Demod/RRM. Following proposals are presented.
Proposal 1: Multi-Rx enhancement work item in Rel-19 targets following aspects.
Rel-19 FR2 multi-Rx RRM enhancement
· 4-layer MIMO
· Specify enhanced requirements for TCI state switch with unified TCI state framework.
· TCI state switch involving multiple CCs, if CA is supported
· Measurement delay reduction
· Specify enhanced requirements for HO, PSCell addition, PSCell change for delay reduction
· Specify enhanced requirements on Inter-cell beam management
· CA/DC support
· Enable multi-Rx reception for FR2 CA
· Enable multi-Rx reception on one carrier when CA/DC is configured.
· Scheduling restriction/measurement restriction relaxation
· Study and specify enhanced requirements, if feasible, for SSB-based measurements
Rel-19 FR2 multi-Rx RF enhancement
· Specify the spherical coverage requirement for PC1, PC2, PC5 
· Study and specify the spherical coverage requirement, if feasible, for intra-band/inter-band CA
Rel-19 FR2 multi-Rx Demod enhancement
· Specify demodulation requirements for FR2 CA

Proposal 2: RedCap enhancement work item in Rel-19 targets following aspects.
Rel-19 RedCap RRM enhancement
· RLM/BFD measurement relaxation
· Specify the RLM/BFD relaxation requirements for RedCap in Rel-19
Rel-19 RedCap RF enhancement
· Low UE power class- UE RF impacts
· Specify lower power class (14dBm and/or 20dBm) and corresponding RF requirements for RedCap in Rel-19
· MPR reduction for RedCap UEs
· UE complexity is not increased
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