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1   Background
In RAN4#88, the way forward on NR PBCH demodulation requirements was provided and extensively discussed. The intention of the way forward is to introduce the 4Rx PBCH performance requirements. But there was no agreement. The arguments against 4Rx NR PBCH performance requirements include:
· In idle mode there is no benefit for PBCH with 4Rx and 2Rx is beneficial from power saving perspective.
· For RRM measurement, UE should conduct cell detection and measurement based on SSB which include PSS/SSS and PBCH. For RRM according to the RAN plenary agreement, UE is allowed to fall back to 2Rx for power saving. When UE falls back to 2Rx mode, it cannot do cell detection/RRM measurement based on 2Rx and PBCH detection based on 4Rx.

· The PBCH is not bottleneck. We do not need to optimize PBCH by mandating 4Rx.

In this contribution, we would to like to further discuss this issue.
2   Agreement in RAN plenary 
We would like to copy the agreement in RAN plenary for mandating 4Rx below.
· For NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline

· Applicability to other NR bands is FFS

· For certain UE types/categories, some exceptions to this requirement may be applicable in future

· RRC signalling and ASN.1 coding shall be defined in Release 15 such that supported number of UE Rx antenna ports is indicated from UE to the eNB/gNB.

· “4” shall be the lowest value that is allowed to be indicated.

· The coding shall enable flexibility such that a lower number than 4 could be indicated in the future for the UE types/categories mentioned above as exceptions. 
· UE equipped with 4Rx ports as a baseline shall fulfil all 4Rx demodulation performance requirements defined for downlink data and control

· Fall back to 2Rx shall be allowed to save power
· RRM Requirements will be based on 2Rx
· RLM requirements shall be defined based on both 2Rx and 4Rx
· The proper antenna connection similar to LTE (defined in A.3.8.1 of TS36.133) will be defined to make 2Rx based RRM tests be applicable to NR UE equipped with 4Rx port.
· The baseline Rx antenna port assumption for LTE operation for the UE is as defined in 36 series specifications today
We should note that it clearly state that UE with 4Rx shall fulfil all 4Rx demodulation performance requirements defined for downlink control channel. In our view, NPBCH is one control channel.
In RAN4#84 meeting, the agreement was captured in the meeting minutes, i.e., two sets of performance requirements with 2Rx and 4Rx shall be defined.
3   Discussion
Firstly, one of the reason not to specify RRM requirements is that there is no combination of the measurements across different receiver antennas for improving RSRP/RSRQ measurement accuracy. Only a measurement from one receiver antenna will be selected such that the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. Because of no combination, there is no very significant difference between 4Rx and 2Rx in terms of RRM measurement accuracy. Therefore, it is reasonable to allow 4Rx UE to fall back to 2Rx when there is no data transmission or in idle mode, since the RRM measurement performance does not degrade too much.
Even in the idle mode, there is a benefit to improve NR PBCH detection and demodulation performance if UE can autonomously turn on 4Rx when the signal quality is not good. Mandating 4Rx PBCH means that UE should be capable to support 4Rx PBCH demodulation, but does not mean that 4Rx UE is not allowed to fall back to 2Rx.
According to operator feedback, there is one scenario where the narrow beam is applied to data channel to improve the coverage while the wider beam is applied to broadcast signal including NR PBCH to improve the directional coverage and shorten the detection/measurement delay. In such deployment, NR PBCH coverage may be worse than NR PDCCH/PDSCH. And if cell edge UE can use 4Rx in such scenario, it is helpful to make the deployment more flexible.
In the connected state, the MIB needs be updated and will be transmitted via PBCH. When UE is in connected mode and there is data transmitted, UE will turn on 4Rx for MIB reception. In such scenario UE operates in 4Rx mode for reception of all the channels. To ensure the PBCH performance under such operation, we should specify 4Rx PBCH requirements. Otherwise, there is no PBCH requirements that 4Rx UE complies with.
Based on the above reasons, we propose to specify 4Rx PBCH demodulation performance requirements.

· Proposal: Specify the NR PBCH demodulation performance requirements with 4Rx, and on the NR bands for which the UE shall be equipped with 4Rx ports as a baseline the UE shall comply with the NR 4Rx PBCH demodulation performance requirements.

4   Conclusion

In this contribution, we provide the response to the arguments against introducing NR PBCH demodulation performance requirements with 4Rx. In either idle mode or connected mode, we see the benefit for 4Rx UE to use 4Rx for PBCH demodulation. Based on the discussion and the previous RAN plenary agreement, we propose that
· Proposal: Specify the NR PBCH demodulation performance requirements with 4Rx, and on the NR bands for which the UE shall be equipped with 4Rx ports as a baseline the UE shall comply with the NR 4Rx PBCH demodulation performance requirements.

Such proposal does not prevent UE from falling back to 2Rx for saving the power.
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