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1. Introduction
In RAN1 #88, the following agreements were reached regarding periodicity of SS burst set transmission and timing indication issues:
	Agreements:
1. The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
0. For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]
0. For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
0. FFS: L for additional frequency range category
1. The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
1. FFS whether this information is available only in CONNECTED mode or in both modes
1. FFS how to signal the position(s)



Additionally, following consideration aspects were left for further study:
· 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
In this contribution we further discuss synchronization signal (SS) burst set composition and SS time index indication.

2. Synchronization Signal Block 
In NR systems, the transmission of SS blocks is organized in a periodical series of SS burst sets as illustrated in Figure 1.
[image: ]
Figure 1. An illustration of SS burst set consisting of six SS blocks
An individual SS block includes the Primary Synchronization Signal (NR-PSS), Secondary Synchronization Signal (NR-SSS), may include the Tertiary Synchronization Signal (NR-TSS) and/or the Physical Broadcast Channel (NR-PBCH). In Figure 2, two examples of SS block composition out of many other possible design structures are depicted. The TSS allows SS block to self-contain SS block time indexing, while allowing soft combining of NR-PBCH between SS blocks within the SS burst set periodicity. This can potentially improve NR-PBCH performance, which potentially contains more bits compared with LTE according to analysis in [1].
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	(a) An example of SS block without NR-PBCH	(b) An example of SS block with NR-PBCH
Figure 2. Examples of SS block composition
Proposal 1:
· SS block consist of NR-PSS, NR-SSS, NR-TSS, and NR-PBCH.
· NR-TSS contains the SS block time index information.

If the number of subcarriers for NR-PBCH is approximately 144 (i.e. 12 PRB), the NR-PBCH can be two OFDM symbol long. This provides similar REs per transmission instance of the NR-PBCH. If time domain multiplexing of PSS/SSS/TSS/PBCH is utilized, SS block will consist of 5 OFDM symbols. In slot that consists of 14 OFDM symbols, 2 SS blocks can be positioned within a slot and avoid potential symbols for PDCCH and PUCCH.
Proposal 2:
· SS block consist of 5 consecutive OFDM symbols.

An important aspect of SS burst set composition is how to map SS blocks within NR slots. The design should take into account the potential for multiplexing an SS block transmission with other downlink as well as uplink transmissions. This is especially critical if SS blocks present together with NR-PDCCH and/or NR-PUCCH in the same NR slot. To eliminate the negative situations when the transmission of control signaling is impossible due to SS blocks, we propose to avoid mapping of SS blocks onto OFDM symbols potentially used for NR-PDCCH and/or NR-PUCCH. Assuming 14 OFDM symbols in NR slot, an example of SS block placement is provided in Figure 3.
[image: ]
Figure 3. An example of SS block mapping within NR slots to avoid collision with NR-PDCCH/PUCCH transmissions
	It should be noted that SS block insertion into a slot results in puncturing of resources that cannot be used for any other purposes. Therefore, not positioning SS blocks across slot boundaries avoids fragmentation of two slots. Furthermore, it can simply the time index enumeration as SS blocks fit exactly in multiple integer units of slots.
Proposal 3:
Two SS blocks are defined per slot that consist of 14 OFDM symbols
· In NR slots, avoid mapping of SS blocks onto OFDM symbols used for NR-PDCCH transmission.
· In NR slots, avoid mapping of SS block onto last two OFDM symbols potentially used for gap and NR-PUCCH transmission.
· SS block confined within a slot (i.e. do not map SS block across slot boundary)

3. Summary
In this contribution, we expressed our views on SS burst set composition. Some aspects related to the mapping of SS blocks within NR slots and timing indication were also discussed. Based on the discussion above, the below proposals were made.
Proposal 1:
· SS block consist of NR-PSS, NR-SSS, NR-TSS, and NR-PBCH.
· NR-TSS contains the SS block time index information.
Proposal 2:
· SS block consist of 5 consecutive OFDM symbols.
Proposal 3:
Two SS blocks are defined per slot that consist of 14 OFDM symbols
· In NR slots, avoid mapping of SS blocks onto OFDM symbols used for NR-PDCCH transmission.
· In NR slots, avoid mapping of SS block onto last two OFDM symbols potentially used for gap and NR-PUCCH transmission.
· SS block confined within a slot (i.e. do not map SS block across slot boundary)
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