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Introduction
Recently, RAN4 has discussed introducing NR PBCH requirements. One of major open issues is whether introducing 4Rx requirements, and whether mandate UE to support 4Rx under certain conditions. In this contribution, we try to resolve below questions:
· Q1: What’s previous RAN agreements for mandating 4Rx
· Q2: What’s the benefit of mandating 4Rx for PBCH demodulation
· Q3: What’s the drawback of mandating 4Rx for PBCH demodulation
Discussion
What are previous RAN agreements for mandating 4Rx?
Mandating 4Rx for certain NR bands were agreed in RP-172788 as copied below:
	· 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



It’s clearly captured mandating 4Rx only for demodulation of data and control channel. Another coming up question, whether control containing PBCH? Refer to RAN1 specification for physical layer channels definition as copied below:
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It’s clearly specified in RAN1 specification, Broadcast channel (PBCH), Control channel (PDCCH) and Shared channel (PDSCH) are separate physical layer channels under same level.
 Observation 1: RAN plenary only agreed to mandate 4Rx demodulation of control channel (PDCCH) and data channel (PDSCH).
 Observation 2: Following RAN1 specification, control channel (PDCCH) and broadcast channel (PBCH) are separate physical channel.
What’s the benefit of mandating 4Rx for PBCH dedmoualtion
Based on discussion in previous RAN4 discussion, the major motivation of mandating 4Rx for PBCH decoding was to improve cell coverage.
Considering uplink has transmission power limitation and DL transmission can be equipped with massive antennas to improve DL beam forming gain, the major bottleneck for cell coverage was uplink not downlink based on LTE experience and NR co-existence study in SI phase. That’s also the reason why introducing HPUE for LTE and NR to compensate DL/UL cell coverage imbalance. 
Also agreed in RAN plenary, UE RRM requirements should be specified based on 2Rx, and for RLM shall be defined for both 2Rx and 4Rx and following LTE connection set-up. For UE equipped to 4Rx, it’s upper to UE implementation for RLM assumption based on either 4Rx or 2Rx; and RAN4 RLM test design to ensure without mandating UE implementation to pass RLM test cases.
Based on evaluation results from CMCC in (R4-1810407), PBCH decoding SNR is -11dB/-7dB for 4Rx and 2Rx and from MTK results (R4-1810028), PBCH decoding SNR is -9~-8 dB with 2Rx, considering 4Rx gain (4dB around), with 4Rx, PBCH decoding SNR will be -13dB~-12dB.
As shown in R4-1812512 from MTK, RLM operating out of sync with 2Rx assumption for RLM is -8dB around.
Based on above evaluation results, without mandating RLM with 4Rx, mandating of 4Rx for PBCH decoding has no benefit for DL cell coverage improvement since UE already out of sync under that SNR points.
Observation 3: Cell coverage bottleneck is UL not DL. 
Observation 4: Mandating 4Rx of PBCH demodulation solely without mandating 4Rx for RLM has no benefit for DL cell coverage enhancement since under that SNR points (-14~11 dB), UE already  out of sync.
What’s the drawback of mandating 4Rx for PBCH demodulation
Unlike in LTE, in NR PBCH is always transmitted with PSS/SSS in SMTC duration with more flexible configurations.
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Also as defined in TS38.133, cell identification time consist of cell detection time, measurement time, and SSB index identification time.
Tidentify_intra_with_index = Kca (TPSS/SSS_sync_intra + T SSB_measurement_period_intra + TSSB_time_index_intra) ms
SSB index identification requires PBCH DMRS sequence decoding in FR1 (>3GHz/2.6GHz) and PBCH decoding for FR2.
PBCH decoding is related to RRM requirements i.e. cell identification, mandating 4Rx PBCH decoding has huge impact on RRM which conflicts with previous RAN plenary agreements. Also PBCH decoding operation is required for idle, DRX and connected mode, even for initial cell search. Mandating 4Rx PBCH decoding has huge impact on UE implementation and power consumption for idle, DRX and even initial cell search stage.
Observation 5: PBCH decoding related to RRM operation i.e. cell identification, mandating of 4Rx PBCH decoding conflicts with previous RAN agreements for RRM.
Observation 6: Mandating 4Rx PBCH decoding has huge impact on UE implementation and power consumption for idle, DRX and even initial cell search stage.



Conclusion
In this contribution, we try to resolve below questions:
· Q1: What’s previous RAN agreements for mandating 4Rx
Observation 1: RAN plenary only agreed to mandate 4Rx demodulation of control channel (PDCCH) and data channel (PDSCH).
 Observation 2: Following RAN1 specification, control channel (PDCCH) and broadcast channel (PBCH) are separate physical channel.
· Q2: What’s the benefit of mandating 4Rx for PBCH demodulation
Observation 3: Cell coverage bottleneck is UL not DL. 
Observation 4: Mandating 4Rx of PBCH demodulation solely without mandating 4Rx for RLM has no benefit for DL cell coverage enhancement since under that SNR points (-14~11 dB), UE already  out of sync.
· Q3: What’s the drawback of mandating 4Rx for PBCH demodulation
Observation 5: PBCH decoding related to RRM operation i.e. cell identification, mandating of 4Rx PBCH decoding conflicts with previous RAN agreements for RRM.
Observation 6: Mandating 4Rx PBCH decoding has huge impact on UE implementation and power consumption for idle, DRX and even initial cell search stage.
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A downlink physical channel corresponds to a set of resource elements carrying information originating from higher
layers. The following downlink physical channels are defined:

- Physical Downlink Shared Channel, PDSCH
- Physical Broadcast Channel, PBCH
- Physical Downlink Control Channel, PDCCH.




