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1 Introduction
In RAN2#97bis meeting, RAN2 received one LS [1] from RAN1. One issue was raised as below:
	· 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


RAN2 discussed the issue, and reached the following preliminary conclusions:

	=>
RAN2 understand that receiving Time index indication from PBCH could violate the RAN2 principle that UE is not required to receive system information from a neighbour cell to perform measurements.

=>
Contribution related to this are invited for next meeting.


In this paper, we will discuss the issue based on RAN1’s agreements.
2 Discussion
According to RAN1 conclusions [4], one or multiple SS block(s) compose an SS burst. One or multiple SS burst(s) further compose an SS burst set where the number of SS bursts within a SS burst set is finite. A single set of possible SS block time locations is specified per frequency band. The maximum number of SS-blocks within SS burst set may be carrier frequency dependent. The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks.
For initial cell selection, the UE may assume default SS burst set periodicity which may be frequency band-dependent. For multi-beam case, at least the time index of SS-block is indicated to the UE. For CONNECTED and IDLE mode UEs, NR supports network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection). The network provides one SS burst set periodicity information per frequency carrier to the UE and information to derive measurement timing/duration if possible. When the SS burst set periodicity and information regarding timing/duration are indicated, the UE assumes the same periodicity and timing/duration for all cells on the same carrier. If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity. NR supports set of SS burst set periodicity values for adaptation and network indication.
According to RAN1 agreement, the SS block time index indication within an SS burst set is used by the UE to derive the frame boundary, slot index and OFDM symbol index, etc. When the UE detects an SS block with time index from multiple SS blocks, it knows which resource it detects, i.e. the SS block time index indication is used for downlink timing synchronization and the identification of the SS block.
Observation 1: SS block time index indication is used for downlink timing synchronization and the identification of the SS block by the UE.

For RRM measurement, the UE needs to perform downlink timing synchronization of the neighbour cells in order to know the reference signalling position. For handover, the UE needs to perform downlink timing synchronization of the target cell in order to know e.g. PRACH resource position. Therefore, in the above two cases, the UE needs to get the SS block time index indication.
Observation 2: The UE needs to get the SS block time index indication upon handover and neighbour cell measurement.
RAN1 reached the preliminary conclusion that the SS block time index indication is carried in PBCH. However, if so, RAN1 is unsure whether mobility and HO related requirements can be met, which is the reason that RAN1 assumes that RAN2 will check against to RAN2 requirements.
In RAN1#88bis, RAN1 has the following conclusions:
	Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

Agreements:
· Number of symbols per SS block 

· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)

· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced

· In a single SS block, the symbols are consecutive

Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]




	· 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


From the above RAN1 agreements, there are the following observations:
Observation 3: RAN1 assume that time index of an SS block is carried on PBCH in the SS block;
Observation 4: PBCH is transmitted in every SS block;
Since the UE firstly needs to perform the DL timing synchronization for RRM measurement and handover, from the perspective of RAN2 it is acceptable to consider that the time index indication is put in PBCH.
In LTE, in order to meet HO related requirement, the UE does not need to read system information carried in RRC message of target cell. But the UE needs to decode the 2 least significant bits of the SFN which are scrambled on the PBCH because these 2 bits are necessary for the UE to determine the PRACH resource position in the target cell when the UE initiates the RACH procedure to the target cell. It is an L1 decoding scheme. For RRM measurement, the UE does not needs to read system information carried in RRC message of neighbour cell for neighbour cell measurement.
Observation 5: In LTE, the UE is not required to read system information carried in RRC message upon RRM measurement and handover but it has to determine the 2 least significant bits of SFN from the PBCH in order to perform handover;
In LTE, the PBCH is only transmitted every 40ms while SSS is transmitted every 5ms. In LTE, reading the PBCH for every detected neighbour cells would require to keep the UE receiver opened for more than 40ms. In NTE, it is sufficient for the UE to read consecutive symbols of the same SS block in order to read SSS and PBCH. In case gaps are needed to do the measurement, the gaps length isn't affected by the need to read PBCH in addition to SSS.

Observation 6: In NR, as PBCH is always transmitted together with SSS in the same SS block (i.e. in consecutive symbols), the burden of reading PBCH together with SSS is very small and there is no impact to measurement gaps.

In NR multiple beam operation, if the time index indication is put in an ASN.1 encoded RRC message carried in PBCH, there would be the need of ASN.1 decoding. For L3 mobility, the UE may need to measure many beams, which raises the question on how much processing is required in the UE. If that is considered a problem, there would are possibilities to simplify UE operation by adopting a message format where the time index can be determined without ASN.1 decoding or via some L1 scheme as discussed in [6].
Proposal 1: RAN2 confirms that carrying time index indication in PBCH can meet mobility and handover requirements.
Proposal 2: Send an LS response to RAN1 to inform RAN2’s understanding.

3 Conclusion

The paper discusses the time index indication issue and we propose:
Observation 1: SS block time index indication is used for downlink timing synchronization and the identification of the SS block by the UE.

Observation 2: The UE needs to get the SS block time index indication upon handover and neighbour cell measurement.
Observation 3: RAN1 assume that time index of an SS block is carried on PBCH in the SS block;
Observation 4: PBCH is transmitted in every SS block;
Observation 5: In LTE, the UE is not required to read system information carried in RRC message upon RRM measurement and handover;
Observation 6: In NR, as PBCH is always transmitted together with SSS in the same SS block (i.e. in consecutive symbols), the burden of reading PBCH together with SSS is very small and there is no impact to measurement gaps.
Proposal 1: RAN2 confirms that carrying time index indication in PBCH can meet mobility and handover requirements.
Proposal 2: Send an LS response to RAN1 to inform RAN2’s understanding.
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