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Discussion and Decision
1      Introduction
During last RAN1 #88 meeting, the time index indication of the SS block is agreed to be located in the PBCH, the agreements are:
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
RAN1 intends for RAN2 to check if this violates the RAN2 agreement that the UE is not required to read system information. In this contribution, we study the RAN1 agreement and its impact and provide a recommendation.  
2      Discussion
In RAN2, it has been discussed and agreed that beam identifier can be configured to be reported to the network. The beam identifier as discussed in RAN1 is termed “time index indication” and is proposed by RAN1 to be included in the PBCH according to the RAN1 LS. It is clear that if beam identifier reporting is configured then the UE will need to read PBCH in order to produce the measurement report.
In addition to reading the time index indication for measurement reporting purposes, the UE needs to perform L1 filtering per beam, the hence the UE needs to identify the beam (again using the time index indication) so that measurement samples from the same beam can be used for L1 filtering. This will require the UE to read the time index indication from the PBCH for every measurement sample that is taken.
Observation 1: The UE needs to read the time index indication from the PBCH for every measurement sample in order to correctly perform L1 filtering per beam (in addition to beam identifier reporting when it is configured). 
PBCH is roughly 60bits and SS block time index indication is at most 6 bits. If the UE is required to read and decode PBCH for every measurement opportunity (i.e. SS block) to acquire the time index for every neighbouring cells, the UE is expected to consume more power as well as to require additional complexity e.g. processing and buffering BCH information of all neighbournig cells .
Assuming all beams are transmitted and are repeated in every SS block burst set, it may be considered that the UE keeps track of the SFN of all the neighboring cells. In this case, the UE may be able to derive the time index just by detection of the NR PSS/SSS from the radio frame boundary it stores time information including SFN since periodicity of the SS block burst is known by the UE. The UE may only need to read the PBCH once within a long period of time as long as the SFN is still valid. The challenge is that when UE moves around or in a large cell, this implicit detection may be not accurate and the UE may not be aware whether the stored timing information is reliable or not. Therefore, the UE will still need to periodically check the PBCH even if it is still valid. In addition, this will increase the UE complexity in term of processing and memory to store all measured neighbouring cells. 
Observation 2: Increased power consumption and UE complexity are expected if the UE is required to decode PBCH of neighbouring cells in every SS block for neighbouring cell measurement purpose.
In LTE, PBCH is designed to allow combining across multiple PBCH reception to increase the reliability. Therefore, the UE may be able to successfully decode by receiving multiple times of PBCHs. Assuming the similar mechanism is used for NR PBCH design, the UE may need to monitor multiple SS blocks to successfully decode time index indication in PBCH. It would increase delay to detect the neighbouring cells. In addition, it may require the longer measurement gap period in case of inter-frequency measurement.    
Observation 3: Measurement delay and increased measurement gap are expected if the UE cannot successfully decode PBCH in one SS block.

Alternatively, it may be possible to make the UE successfully decode PBCH in one SS block by increasing reliability. However, if the UE is required to decode more than 60bits PBCH instead of 6bits for every measurement, to increase the reliability of PBCH for measurement, higher SINR or more repetition is required for 60bits or more PBCH. Therefore, RAN1 may need to over provision the resource of the PBCH to provide sufficient reliability of decoding PBCH for measurement if decoding more than 60bits of PBCH is required.
Observation 4: the resource of the PBCH may be over-provisioned to provide sufficient reliability of decoding of PBCH for measurement.
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Figure 1: different architectures for time index of beams encoded in PBCH
Figure 1 shows two different architectures of encoding time index indication in PBCH. Architecture 1 encodes the BCH and time index in PBCH which requires the UE to read the entire PBCH to decode the time index. This will result in high UE complexity and impact the UE power consumption. Architecture 2 provides flexibility to the UE to decode the time index indication from PBCH alone without requiring to decode the entire PBCH. UE complexity can be reduced and the UE may be able to measure the SS block and read the time index in one shot since the UE can decode time index indication only without decoding BCH which may require repetition for reliability. In this case, power consumption impact is reduced. This seems like to be a compromise solution between RAN1 and RAN2. Therefore, it is proposed to send an LS to RAN1 to indicate the observations in this paper and the proposed solution to avoid violating RAN2 agreements. 
Observation 5: If the time index indication can be decoded separately from PBCH, decoding complexity can be mitigated compared to decoding the whole BCH and also it may be possible to successfully decode the time index in one shot.
Proposal: Send an LS to RAN1 to provide RAN2 observations and recommendations:

· Observation 1: The UE needs to read the time index indication from the PBCH for every measurement sample in order to correctly perform L1 filtering per beam (in addition to beam identifier reporting when it is configured)
· Observation 2: Increased power consumption and UE complexity are expected if the UE is required to decode PBCH of neighbouring cells in every SS block for neighbouring cell measurement purpose.

· Observation 3: Measurement delay and increased measurement gap are expected if the UE cannot successfully decode PBCH in one SS block

· Observation 4: the resource of the PBCH may be over-provisioned to provide sufficient reliability of decoding of PBCH for measurement.
· Observation 5: If the time index indication can be decoded separately from PBCH, decoding complexity can be mitigated compared to decoding the whole BCH and also it may be possible to successfully decode the time index in one shot
· Recommendation: 
· RAN1 to consider to minimize increasing power consumption and decoding complexity in acquiring time index indication in PBCH.  

· RAN1 to consider the UE to read the time index indication together with SS block in one shot without requiring the UE to decode the entire PBCH 
3      Conclusion 
Proposal: Send an LS to RAN1 to provide RAN2 observations and recommendations:

· Observation 1: The UE needs to read the time index indication from the PBCH for every measurement sample in order to correctly perform L1 filtering per beam (in addition to beam identifier reporting when it is configured)

· Observation 2: Power consumption may be impacted if the UE is required to decode PBCH of neighbouring cells in every SS block for neighbouring cell measurement purpose

· Observation 3: RAN1 may need to over provision the resource of the PBCH to provide sufficient reliability of decoding of PBCH for measurement
· Observation 4: Measurement delay and increased measurement gap are expected if the UE cannot successfully decode PBCH in one SS block

· Observation 5: If the time index indication can be decoded separately from PBCH, decoding complexity can be mitigated compared to decoding the whole BCH and also it may be possible to successfully decode the time index in one shot
· Recommendation: 
· RAN1 to consider to minimize increasing power consumption and decoding complexity in acquiring time index indication in PBCH.  

· RAN1 to consider the UE to read the time index indication together with SS block in one shot without requiring the UE to decode the entire PBCH 
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