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Introduction
In the RAN1 meeting #88bis [2] the following for maximum number of SS blocks were agreed:
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
· Note that above agreements are updated agreements

In addition, the following for signaling for SS blocks indication were agreed:
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:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI

Furthermore, in the RAN1 meeting #89 [1] the following for the maximum number of SS blocks were agreed:
Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
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

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 52 GHz and later up to 70GHz. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR [3]. 
In this contribution, we consider the initial access design and related observations for SS block time index indication for single and multi-beam based initial access. 

SS Block Time Index Indication
For initial cell selection, a default SS burst set periodicity is assumed. The UE may assume a default SS burst set periodicity regardless frequency band or frequency range that the UE is operating at. An SS block may be repeated with the SS burst set periodicity. A single set of possible SS block time locations may be specified per frequency range or frequency band or sub-band. Based on a received SS block, a UE may identify the OFDM symbol index, slot index in a radio frame and radio frame number. 
The SS block may contain multiple signals. For example, the SS block may contain NR-PSS, NR-SSS and NR-PBCH. Additional signal types may also be included within the SS block if needed. For example, a third type of SS signal such as a TSS/TSCH signal in addition to NR-PSS and NR-SSS may also be included within the SS block. However, it is to be determined if additional types of signals are necessary. Other signal types such as a mobility reference signal (MRS), and/or a measurement reference signal may also be included. In addition, other channel such as paging channel may also be multiplexed in the SS block. 
An SS block time index indication may be used to identify SS blocks with respect to a radio frame, an SS burst and/or an SS burst set.
· The SS-block may be defined with respect to an SS-burst set. In this case, the SS-block index may be indicated within an SS burst set. The time index for an SS-block within an SS burst set may be used to identify each SS block within the SS burst set.
· Alternatively, an SS block may be defined with respect to the SS burst. An SS burst may be defined with respect to an SS burst set. A time index may be used that is specific to an SS-block within an SS-burst, and another time index may be used for SS burst index that is specific to each SS burst within an SS-burst set. The SS burst index may be common across SS blocks in each SS burst. In this case, an SS-block index may be indicated within an SS burst and an SS-burst index may be indicated within an SS-burst set. 
· Otherwise An SS-block may be defined with respect to the radio frame. In this case, the SS-block index may be indicated within the radio frame. An SS-block index may be a time index for an SS-block. The time index for an SS-block within a radio frame may be used to identify each SS block within the radio frame. 

The SS block index may be indicated using NR-PBCH or other signal. An SS block index may be indicated using implicit or explicit methods in the NR-PBCH or other signal. For example, when an SS block index is explicitly indicated using the NR-PBCH, the SS block index may be carried in the payload of the PBCH channel. When an SS block index is implicitly indicated, methods such as DMRS-based indication may be used.
[bookmark: _Toc484979733]SS block index indication may be based on the value of L. When L is msall, implicit SS block index indication may be used. When L is large, explicit SS block index indication may be used. For example, when L = 4 and 8, implicit SS block index indication may be used while when L = 64 explicit SS block index indication may be used.
[bookmark: _Toc484979734]SS block index indication may be based on partitioning. For example, bits may be partitioned into LSB and MSB and are indicated using different methods. For example, LSBs may use implicit indication method (e.g., K1 bits for LSB) and MSBs may use explicit indication method (e.g., K2 bits for MSB). 
SS block index bits may be partitioned into two parts: K1 bits and K2 bits. Explicit indication for SS block index (e.g., for K1 bits) may always be used, while implicit indication for SS block index (e.g., for K2 bits) may be used only if total number of bits exceed K1 bits. This may result in fixed size for control field of SS block index (i.e., fixed K1 bits) in NR-PBCH contents. Or implicit indication for SS block index (e.g., for K1 bits) may always be used, while explicit indication for SS block index (e.g., for K2 bits) may be used only if total number of bits exceed K1 bits.
Alternatively SS block index may be partitioned into two parts: SS block index within SS burst and SS burst index within SS burst set. Different parts may use different indication methods. For example, implicit indication method may be used for SS block index within SS burst (e.g., K1 bits) and explicit indication method may be used for SS burst index within SS burst set (e.g., K2 bits). This could support soft combining of NR-PBCH across different SS blocks in the same SS burst. 
Implicit SS block index indication may have the advantage of reducing payload size of NR-PBCH when implicit SS block index indication is either used alone or combined with explicit SS block index indication.

Proposal 1: The SS block time index may be indicated either implicitly or combined implicitly and explicitly using NR-PBCH. SS block time index may be indicated implicitly for sub 6GHz and combined implicitly and explicitly for above 6GHz. 

System Frame Number Indication 

The system frame number (SFN) may be indicated using two-stage or multi-stage processing with combined implicit and explicit method via NR-PBCH. Some part of SFN may be implicitly indicated while other part of SFN may be explicitly indicated in NR-PBCH payload. For example, Q1 least significant bits (LSBs) may be indicated or derived using e.g., scrambling processing, CRC or SS burst set time index while Q2 most significant bits (MSBs) of SFN may be explicitly carried in NR-PBCH payload.

Proposal 2: The system frame number can be indicated using combined implicit and explicit indication method via NR-PBCH.

Indication of Used/Unused SS Blocks 
The maximum number of SS blocks, L, within an SS burst set may be carrier frequency dependent. For lower frequency ranges such as sub 6 GHz, the number (L) could be small. For higher frequency range such as 6 ~ 60GHz or higher, the number L can be larger. For example, for frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is 4. For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is 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 positions of actually transmitted (or used) SS blocks may be signaled to the UE to assist the UE to perform measurement or to receive data or control channels. For example, the positions of the actually transmitted SS blocks may be signaled to the UE to assist the UE to perform CONNECTED or IDLE mode measurement. Furthermore, the positions of the actually transmitted SS blocks may be signaled to the UE for CONNECTED mode UEs to receive downlink data or control in the unused SS blocks (and potentially for IDLE mode UEs to receive downlink data or control in the unused SS blocks). It may be further investigated whether this information or signaling is available only in CONNECTED mode or can be used in both CONNECTED and IDLE modes. The methods to signal the positions of actually transmitted SS blocks should be further studied.
Methods of indicating actually transmitted, used or unused SS blocks should be studied. In addition, signaling aspect for sending such indicator(s) should be considered. For example, in idle mode the indication of used SS blocks within the predefined SS blocks in SS burst sets that are actually transmitted may be sent via remaining minimum system information (RMSI). NR-PBCH or other system information (OSI) may also be possible to carry the indicator of used/unused SS blocks. In connected mode, the dedicated signalling such as RRC signalling can be used to carry the indicator of used/unused SS blocks. It is also possible to use RMSI, OSI or NR-PBCH to carry the indicator of used/unused SS blocks in connected mode. Whether to use broadcast signalling or dedicated signalling and how to indicate used/unused SS blocks should consider both flexibility and signaling overhead. For example, one may just signal the number of used or unused SS blocks which has low signalling overhead but less flexibility. Alternatively each individual SS block may be indicated for its state either “used” or “unused”. However this approach has high overhead although also high flexibility. 
The prededined SS blocks are the possible SS block time locations. Both the number and positions of the maximum SS blocks in an SS burst set are predefined. Information for actually transmitted SS blocks may be indicated via RMSI.

Proposal 3: Information for actually transmitted SS blocks may be indicated via RMSI.

Conclusions
In this contribution, we consider the SS block time index indication for a multi-beam based initial access. We have the following proposals:
[bookmark: _GoBack]Proposal 1: The SS block time index may be indicated either implicitly or combined implicitly and explicitly using NR-PBCH. SS block time index may be indicated implicitly for sub 6GHz and combined implicitly and explicitly for above 6GHz. 
Proposal 2: The system frame number can be indicated using combined implicit and explicit indication method via NR-PBCH.
Proposal 3: Information for actually transmitted SS blocks may be indicated via RMSI.
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