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1. Introduction

In RAN1#88bis meeting, the design of SS block including the structure, number and signaling of SS block was discussed with the following working assumption/agreements:
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

· FFS: deactivated cell case (if defined)

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)

· 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]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location

· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
Agreements:
· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· 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
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
In RAN1 89 meeting, following agreements regarding PBCH content is agreed:

Agreements:
· Following contents are carried in NR-MIB

· (Part of) SFN: [7 - 10] bits

· At least 80 ms granularity

· FFS: indication within 80 ms

· [H-SFN: 10 bits]

· RAN1 will ask RAN2

· Timing information within radio frame: [0 - 7] bits

· E.g., SS block time index: [0 - 6] bits

· E.g., half radio frame timing: [0 - 1] bit

· RMSI scheduling information: [x] bits

· CORESET(s) information: [x] bits

· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered

· E.g., Time/frequency resource configuration of CORESET(s)

· [Numerology of RMSI: [0 - 2] bits]

· [Information regarding frequency resources for PDSCH scheduling: [x] bits]

· [Information regarding bandwidth part: [x] bits]

· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit]

·  [Information for quick identification that UE can not camp on the cell: [0-1] bit]
· RAN1 will ask RAN2
· [SS burst set periodicity: [0 - 3] bits]

· [Information on actual transmitted SS block(s): [0 - x] bits]

· [Area ID: x bits]

· RAN1 will ask RAN2

· [Value tag: x bits]

· RAN1 will ask RAN2

· [cell ID extension: x bits]

· RAN1 will ask RAN2

· [Information on tracking RS: x bits]

· Reserved bits: [x > 0] bits

· CRC size for NR-MIB is [16 + y] bits

In RAN1 AH2 meeting, agreements about SS block index indication are reached:

Agreements: 

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information

· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Based on the above agreements, we discuss how NW indicates the timing for SS block 
2. Discussion
As discussed in [1], the maximum number of SS-blocks within a SS burst set can be defined as different values for different frequency ranges. The number of the nominally transmitted SS blocks in a SS burst set could be some candidates smaller or equal to the maximum number, depended on the required beams in a cell. The gNB could decide the specific value from the candidates consdiering the working frequency and other factors, e.g. traffic load in a cell. Once UE detects a SS block, it needs to know the number of nominal SS blocks in a burst set for detection of other SS blocks and resource reservation. It is better to include the information in each SS bloc, e.g. in each PBCH. To reduce the design complexity, the same number of bits can be introduced regardless of the maximal number of SS blocks. Furthermore, the candidate values could at least includes one which means single beam based initial access is used as a “fallback” mode. One example of candidate number of SS blocks for different frequency ranges is shown in Table.1.
	Maximal number of SS blocks
	Configurable values

	1
	{1}

	2
	{1,2}

	4
	{1,2,4}

	8
	{1,2,4,8}

	64
	{1,4,16,64}


Proposal 1[1]: The number of nominally transmitted SS blocks in a SS burst set is configured in the PBCH. 
· The same number of bits for different frequency band regardless of the maximal number of SS blocks is preferred.
· The candidate values could at least includes {1,N(N>1)}.

The above discussion indicates that the nominal transmitted SS block and actually transmitted SS block can be different. This raises an issue that how UE can obtain symbol & SF level of timing on its detection of SS blocks. Although it is agreed that SFN and SS block index are transmitted inside PBCH and as proposed on the above that nominal number of SS blocks can be provided in PBCH, the symbol & SF level timing for a detected actually transmitted SS block can still not be deduced in the UE side. The reasons are two: 1. the number of actual transmitted SS blocks can be different; 2. with the same number of actual transmitted SS blocks, there could be multiple nominal SS blocks locations for actual transmitted SS blocks. Thus, we have the following observation: 

Observation 1: A UE may not derive the symbol and SF level timing for a detected SS block with SS block index and nominal number of SS block in a SS burst set

Based on the above observation, additional information shall be provided by the NW so that a UE can obtain the accurate timing for the detected SS block. One obvious option is to use bit map to indicate the actually transmitted SS blocks in a SS burst set; the other option [1] would be the comb-like structure of SS blocks. There could be more feasible options. However, if a UE can’t obtain such information on SS block detection process, i.e, minimal SI, this UE will either blindly detect all possible SS blocks in a burst set or obtain such information from other SI. Either option will force UE to consume significant of time to obtain the accurate timing. 

Observation 2: It is beneficial to provide additional information (besides index of SS blocks and nominal number of SS block in a SS burst set) in minimal SI to assist UE to obtain accurate timing of detected SS bock
With observation 2, it is natural for RAN1 to study which kind of information should be provided in minimal SI for UE obtaining accurate timing in SS block detection process. 
Proposal 2: RAN1 should study which kind of information should be provided in minimal SI for UE to obtain accurate timing in SS block detection process
3. Conclusions
In this contribution, we discuss the timing indication of SS-block. We have the following observations and proposals:
Proposal 1: The number of nominally transmitted SS blocks in a SS burst set is configured in the PBCH. 
· The same number of bits for different frequency band regardless of the maximal number of SS blocks is preferred.
· The candidate values could at least includes {1,N(N>1)}.
Observation 1: A UE may not derive the symbol and SF level timing for a detected SS block with SS block index and nominal number of SS block in a SS burst set

Observation 2: It is beneficial to provide additional information (besides index of SS blocks and nominal number of SS block in a SS burst set) in minimal SI to assist UE to obtain accurate timing of detected SS bock
Proposal 2: RAN1 should study which kind of information should be provided in minimal SI for UE to obtain accurate timing in SS block detection process
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