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Introduction
In RAN1 #86bis Meeting, the following has been agreed on synchronization burst structure for NR design [1]:
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
In addition, in RAN1 NR Ad-Hoc meeting, the following has been agreed on synchronization signal for NR design [3]:
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.
Furthermore, in RAN1#88 meeting, the following has been agreed on synchronization signal [4]:
Agreements:
· For set of possible SS block time locations, further evaluation till next meeting by considering at least the following:
· Whether or not a SS block comprises of consecutive symbols and whether or not SS&PBCH in the same or different slots
· Number of symbols per SS block
· Whether or not to map across slot boundary(ies)
· Whether or not to skip symbol(s) within a slot or a slot set
· Contents of an SS block (note: the contents of an SS block may be further discussed during this meeting)
· How SS blocks are arranged within a burst set, & the # of SS blocks per burst/burst set

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 [2]. 
Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. The problem of initial access for single and multi-beam operation has been discussed [5] with solutions proposed to reduce initial access latency and beam sweep overhead [6]. 
In this contribution, we consider and discuss SS burst design for initial access design and related observations for SS burst set composition and indication for single and multi-beam initial access. 

Synchronization Signal Burst Set Composition 
Synchronization signal burst set design and construction may consider the following:
· Radio frame number
· Slot number or subframe number 
· System frame number
· Periodicity
· Coherent combining of signal

For a given frequency band, an SS block may correspond to K OFDM symbols based on the default subcarrier spacing and K may be a constant. The multiplexing structure of signals within an SS block may be fixed. An SS burst may correspond to N SS blocks. An SS burst set may correspond to M SS bursts. SS burst set design and construction is depicted in Figure 1.
Figure 1 shows an example method for constructing or designing SS blocks, bursts and burst sets. In this method, an SS block is defined with respect to an SS burst and an SS burst is defined with respect to an SS burst set. Therefore, an SS-block index may be indicated within an SS burst and an SS-burst index may be indicated within SS-burst set. 



[bookmark: _Ref462517207][bookmark: _Ref462517201][bookmark: _Toc473561032]Figure 1: SS Burst Set Composition and Construction Method 1: An SS burst may correspond to N SS blocks and an SS burst set may correspond to M SS bursts.

Figure 2 shows another example for constructing or designing SS blocks, bursts and burst sets. In this method 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 2: SS Burst Set Composition and Construction Method 2: an SS burst set may correspond to L SS blocks

Figure 3 shows an example for constructing or designing SS blocks, bursts and burst sets based on a radio frame. A radio frame may correspond to N SS blocks and an SS burst set may correspond to M radio frames. In this method an SS block is defined with respect to a radio frame and a radio frame is related to an SS burst set. Therefore, an SS-block index may be indicated within a radio frame and a radio frame index may be indicated within an SS-burst set. 



[bookmark: _Ref473965320][bookmark: _Toc473561034]Figure 3: SS Burst Set Composition and Construction Method 3: A radio frame may correspond to N SS blocks and an SS burst set may correspond to M radio frames

As mentioned previously, an SS burst may correspond to N SS blocks and an SS burst set may correspond to M SS bursts, or an SS burst set may correspond to L SS blocks. SS burst set design and composition may be based on a fixed or flexible scheme. One design may use fixed values of M and/or N or L. The values of M and/or N or L may be designed such that they are cell-specific, gNB-specific or TRP-specific. Alternatively, any the values of M, N or L may not be fixed and may be changed. In this case information for M and/or N or L may be provided or updated by the network and parameters M and/or N or L may be configured.
A UE may be configured with information about which SS blocks in an SS burst set may be transmitted by the gNB. The UE may provide information to the gNB or TRP about which SS blocks in an SS burst set may be activated, enabled, deactivated, or disabled for the transmission of SS. For example, when in connected mode, the UE may provide information to the gNB or TRP about which SS blocks in an SS burst set may be activated or deactivated for transmission via UE feedback. 
Proposal 1: SS burst set design and composition may be based on an SS burst, an SS burst set or a radio frame.

Synchronization Signal and Time Index Indication 
For initial cell selection, a default SS burst set periodicity may depend on the frequency band or frequency range that is in use. The UE may assume a default SS burst set periodicity which may be determined based on the frequency band or frequency range that the UE is operating at. An SS block may be repeated with the SS burst set periodicity. NR-PBCH contents in a given repeated SS block may not be the same and may change. 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. Some aspects for SS periodicity were discussed in [7].
The SS block may contain one or multiple signals. For example, the SS block may contain NR-PSS, NR-SSS and/or NR-PBCH. Additional signal types may also be included within the SS block if needed. For example, a second type of PBCH signal or a third type of SS signal such as a third NR-SS 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 a measurement reference signal may also be included. In addition, other channel such as paging channel may be multiplexed in the SS block. 
An SS block index indication may be used to identify SS blocks with respect to a radio frame, an SS burst and/or an SS burst set. 
· 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. 
· 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 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..

The SS block index may be indicated using NR-SS (e.g., an NR-SSS), NR-PBCH, another type NR-PBCH, or another type NR-SS, e.g., third NR-SS. An SS block index may be indicated using implicit or explicit methods in the NR-SS or NR-PBCH. For example, when an SS block index is indicated using the NR-PBCH, the SS block index may be carried in the payload of the PBCH channel. Some aspects for NR-PBCH were discussed in [8].
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) can be small. The exact number L may be further studied within L ≤ 16. For higher frequency range such as 6 ~ 60GHz or higher, the number L can be large. The exact number L may be further studied within L ≤ 128. 
The positions of actually transmitted 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.

Proposal 2: An SS block index indication may be used to identify SS blocks and may be indicated with respect to an SS burst, an SS burst set or a radio frame. The SS block index may be indicated either implicitly or explicitly using at least one of the following signals: NR-SS or NR-PBCH.
Proposal 3: The positions of actually transmitted SS blocks can be signaled to a UE to assist the UE to perform measurement in the used SS blocks or to receive data or control channels in the unused SS blocks. The methods to signal the positions of actually transmitted SS blocks should be further studied.
[bookmark: _GoBack]
Conclusions
In this contribution, we consider and discuss the SS burst design for the initial access design and related observations for the SS burst set composition and indication for single and multi-beam initial access. Based on the observations, we have the following proposals:
Proposal 1: SS burst set design and composition may be based on an SS burst, an SS burst set or a radio frame.
Proposal 2: An SS block index indication may be used to identify SS blocks and may be indicated with respect to an SS burst, an SS burst set or a radio frame. The SS block index may be indicated either implicitly or explicitly using at least one of the following signals: NR-SS or NR-PBCH.
Proposal 3: The positions of actually transmitted SS blocks can be signaled to a UE to assist the UE to perform measurement in the used SS blocks or to receive data or control channels in the unused SS blocks. The methods to signal the positions of actually transmitted SS blocks should be further studied.
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