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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC 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 burst set composition and SS time index indication.

2 NR SS Design
During the RAN1 January NR adhoc meeting agreements were reached regarding the composition of NR SS blocks:

Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

The following sections discuss the NR SS burst set composition and the indication of NR SS block timing/indices.
2.1 SS Burst Set Composition
During the RAN1 January NR adhoc meeting agreements were reached regarding the composition of NR SS blocks:

Agreement:

· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
It is expected that NR will support very fine granularity of the configuration of the signals at least a slot and possibly a symbol-level. In addition, especially in the case of beamforming applied to the SS burst transmissions, the duration of the SS burst set will depend on the total number of beams supported at the gNB and UE since both transmit and receive beamforming may be utilized. It is important from a deployment flexibility and efficient utilization of radio resources to allow multiplexing of the SS blocks with other signals/channels within the SS burst set [2].
The definition of the set of possible SS block time locations is needed for at least the initial cell search and IDLE mode procedures. However, while a default burst set periodicity is defined per carrier frequency, different periodicities of the NR SS may be configured at least for CONNECTED UEs to support different use cases such as integrated access and backhaul and different levels of mobility [3]. As a result it is important that the set of SS block time locations can accommodate different SS burst set periodicities. 

Proposal 1: The set of possible NR SS block time locations should accommodate different SS burst set periodicities.
In addition, as mentioned by the FFS point in the RAN1 agreement, it may be possible to configure UEs with information about additional information regarding which SS blocks in a SS burst set are transmitted. Since the total number of resources and the respective transmission periods for initial access signals in the system depends on the specific deployment scenario, it is beneficial that a UE should only need to be aware of the signals required for its own cell discovery and synchronization procedures and the configuration/transmission of additional resources for other purposes (e.g. based on mobility or for integrated access and backhaul) and not intended for the UE is transparent from its perspective. This ensures forward compatibility as well as simplifies the procedure at a given UE in a system which may support multiple different use cases and functionalities simultaneously in an efficient manner.  

Proposal 2: NR should support UE-specific indication of valid SS block time locations within a given SS burst set.
2.2 SS Block Index Indication
During the RAN1 January NR adhoc meeting agreements were made about the indication of SS-block timing/indices:

Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 

· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.

· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms

· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

One straightforward option is to assign a unique index 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. Also the network may not always transmit the total number of possible SS blocks within a SS burst set depending on the deployment scenario or may utilize the same or different beams across different SS blocks. In this case implicit indication of the SS block index as part of the PBCH may provide a good tradeoff in terms of overhead and deployment flexibility. This can also assist in allowing the UE to combine multiple transmissions of the PBCH within a given SS burst set [4]. 
Proposal 3: The SS block index is indicated implicitly by the PBCH.

3 Conclusion
This contribution analyzed the time configuration of NR synchronization signals. The following proposals were made:

Proposal 1: The set of possible NR SS block time locations should accommodate different SS burst set periodicities.
Proposal 2: NR should support UE-specific indication of valid SS block time locations within a given SS burst set.
Proposal 3: The SS block index is indicated implicitly by the PBCH.

4 References
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology, NTT DOCOMO.
[2] R1-1702131, NR SS Design: Minimum Bandwidth and Multiplexing, AT&T

[3] R1-1702134, Periodicity of NR SS Burst, AT&T

[4] R1-1702253, NR PBCH Design, AT&T
