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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The initial access procedure including the design of the synchronization signals (SS) is a critical aspect of the NR physical layer design that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides views on the NR SS design related to the SS block time index indication.

2 NR SS Block Time Index Indication
During the RAN1#89 meeting agreements were made including the indication of SS-block time index indication:

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
One straightforward option is to assign a unique index in the PBCH payload to each SS-block transmission within a SS-burst set, however depending on the number of SS-blocks, the overhead required for this signalling may be restrictive especially considering the decoding requirements of the NR-PBCH. Also since depending on the frequency range 4, 8, or 64 SS Blocks may be transmitted per SS Burst Set, making the amount of required signalling in the PBCH variable which is also not desirable. A hybrid approach between indication in the PBCH payload and indication in the DMRS scrambling is beneficial to provide a tradeoff between overhead and UE detection complexity. For example 3 bits of SS Block time index may be carried in the PBCH payload, while the remaining 3 bits may be carried in the DMRS in case of L > 8 (bands above 6GHz). This allows for a common design of the PBCH in the different frequency ranges, but only requires detection of the index via the DMRS for the cases where the number of SS Blocks is large.  
Proposal 1: 3 bits of the SS block time index is indicated by the PBCH payload and the remaining bits (if required for a given value of the maximum number of SS Blocks L) are indicated based on scrambling of the PBCH DMRS.

3 Conclusion
This contribution analyzed the time index indication of NR SS blocks. The following proposal was made:

Proposal 1: 3 bits of the SS block time index is indicated by the PBCH payload and the remaining bits (if required for a given value of the maximum number of SS Blocks L) are indicated based on scrambling of the PBCH DMRS.
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