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Introduction
In RAN1#88bis meeting, the following has been agreed on synchronization signal for NR design [4]:
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.

In RAN1#89 meeting, the following has been agreed on synchronization signal for NR design [2]:
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

In addition, in RAN1 NR Ad-Hoc#2 meeting, the following has been agreed on SS block and SS burst [5]:
Agreements:
· For 15 kHz subcarrier spacing case,
· Map two SS blocks candidate locations to the slot of 14 symbols as follows
· First candidate location is at symbols 2-5
· Second candidate location is at symbols 8-11
Agreements:
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows
· First candidate location is at symbols 2-5
· Second candidate location is at symbols 8-11
· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band

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 or higher. 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. Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. 
In this contribution, we considered and discussed SS block and burst design for initial access, and related observations for SS block and burst set composition for single and multi-beam initial access. We discussed the possible mechanism to indicate actual transmitted SS block(s).

SS Block and SS Burst Set 
Synchronization signal (SS) block and burst set design and composition may consider the radio frame number, slot number or subframe number, system frame number (SFN), periodicity and coherent combining of signals. For a given frequency band, an SS block corresponds to K OFDM symbols and K is a constant, e.g., K=4. The multiplexing structure of signals within an SS block is fixed. An SS burst may correspond to N SS blocks. An SS burst set may correspond to M SS bursts. 
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 ranges such as above 6 GHz, the number (L) could be large. The exact value of L was agreed as follows: 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, L is 8. For frequency range from 6 GHz to 52.6 GHz, L is 64.
Figure 1 shows an example for constructing and composing SS blocks, bursts and burst sets. In this example an SS burst set may correspond to L SS blocks. The SS block is defined with respect to the SS burst set. Therefore, an SS block index may be indicated within SS burst set. 



[bookmark: _Ref473500890][bookmark: _Toc473561033]Figure 1: SS Burst Set Composition 

Indication of Actually Transmitted SS Blocks 
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.
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. 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. 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, 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. 

Proposal 1: Efficient methods to signal the positions of actually transmitted SS blocks should be considered.
[bookmark: _GoBack]
Figure 2 shows example SS block time index indication employing SS block grouping and reduced bitmap. The scheme may employ SS block grouping. SS blocks may be grouped into groups and each group may have  SS blocks for group i. Grouping may employ equal size or non-equal size grouping. SS burst may be a group. After grouping the resulting number of SS groups is denoted as  while . We may employ group-based bitmap to indicate the  SS block groups.  bits may be needed for group-based bitmap. For equal size grouping, the number of SS groups may be determined by

For L = 64 and  for all i, = 16. Therefore, the total 16 bits (group-bitmap) instead of 64 bits (bitmap) for signaling may be required. This significantly reduces signaling overhead by a factor of four. 



[bookmark: _Ref481777911]Figure 2: SS block Indication employing SS block grouping and reduced bitmap 

Proposal 2: Bitmap or group-bitmap indication may be considered for indication of actually transmitted SS blocks.

Conclusions
In this contribution, we considered and discussed SS block and burst design for initial access, and related observations for SS block and burst set composition for single and multi-beam initial access. We discussed the possible mechanism to indicate actual transmitted SS block(s). Based on the observations, we have the following proposals:
Proposal 1: Efficient methods to signal the positions of actually transmitted SS blocks should be considered.
Proposal 2: Bitmap or group-bitmap indication may be considered for indication of actually transmitted SS blocks.
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