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Introduction
The agreements on SS burst set composition in the last meeting [1] are as follows:

	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

Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category
· 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
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)




Regarding multiplexing of NR-PSS, NR-SSS and NR-PBCH within an SS block, the following agreement and working assumption have been made.
	Agreements:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS is supported

Working assumption:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS and PBCH is supported
· RAN1 will consider initial access latency, and overhead of SS and PBCH in the minimum system bandwidth




There is also the agreement on the number of antenna port of NR-PSS as follows:
	Agreements:
· The number of antenna port of NR-PSS is 1




Based on the above agreements and working assumption, we introduce our proposals on SS block and burst set composition in this contribution.

Design of Synchronization Signals
SS block
An SS block includes NR-PSS, NR-SSS, and/or NR-PBCH. The Tertiary Synchronization Signal (NR-TSS) for additional indexing may also be included in the SS block. We prefer to use NR-PSS and NR-SSS as reference signals for coherent detection of NR-SSS and demodulation of NR- PBCH respectively. Therefore, we prefer that a SS block comprises of consecutive OFDM symbols. The number of antenna ports for NR-SSS should be same as NR-PSS since NR-PSS can be used for coherent detection of NR-SSS. Therefore, we prefer the number of antenna port of NR-SSS is also one. NR-SSS can also be used as DM-RS for NR-PBCH decoding. If 2-ports transmit diversity scheme is supported for NR-PBCH and/or the transmission bandwidth between NR-SSS and NR-PBCH are different, additional DM-RS can be considered.



[bookmark: _Ref474185284]Figure 1. Example of multiplexing of PSS, SSS, PBCH and TSS (if available)
Figure 1 shows a TDM example in an SS block. The exact location of NR-PSS, NR-SSS, and NR-PBCH with in an SS block should be further discussed considering performance evaluations and other aspects.
NR-PBCH might not be included in some of SS blocks similar as in LTE which has different periodicities SS and PBCH. In NR, however, the periodicity will be decided one of two values 10 and 20ms, and any value will be longer than LTE. Therefore, NR-PBCH might be included in every SS block. If similar payload size with LTE is considered, two OFDM symbols for NR-PBCH will be enough. It should be studied further considering NR-PBCH design and periodicity of SS burst set. If an SS block may include the Tertiary Synchronization Signal (NR-TSS) for additional indexing, it can be multiplexed in FDM or TDM manner.

Proposal 1: An SS block comprises of consecutive OFDM symbols.
Proposal 2: The number of antenna port for NR-SSS is one.

SS burst set composition
The design of SS burst set composition should take into account the potential multiplexing an SS block transmission with other DL as well as UL transmissions. The LTE-NR coexistence also should be taken into account. If all aspects are considered, however, the design of SS burst set composition will be very complicated. The scenario specific design of SS burst set composition is not also desirable. Therefore, as basic structure, we propose to allocate SS blocks across slot boundaries and regardless of multiplexing with any other signal and channel as shown in Figure 2.





[bookmark: _Ref478046790]Figure 2. Example of basic structure of SS burst set composition
Each SS block will contain SS block index. Based on the SS block index and the basic structure of SS burst set composition, a UE can identify OFDM symbol index as well as slot index in a radio frame. Under the assumption that the number of OFDM symbols in a SS block is 4, this approach will provide enough possible SS block candidates within 10ms.
Table 1. Example of number of possible SS block candidates within 10ms
	Subcarrier spacing
	15kHz
	30kHz
	120kHz
	240kHz

	# of possible SS blocks
	35
	70
	280
	560



For specific design of SS burst set composition based on the basic structure, it should be considered multiplexing of SS blocks with other DL and UL transmission. If there is any confliction between DL/UL transmissions and SS block location, the overlapped SS block can be skipped. If the number of OFDM symbols for DL/UL transmission is less than the number of OFDM symbols within an SS block, the remaining part of SS block can be defined as mini-slot for data transmission.



[bookmark: _Ref478049907]Figure 3. Example of specific design of SS burst set composition
Figure 3 shows an example of the specific design of SS burst set composition. Due to DL/UL transmissions, SS block #0, #3, #6, and #7 cannot be used for actual SS block transmission. The initial access related signals and channels such as PSS, SSS, and PBCH can be transmitted through SS block #1, #2, #4 and #5. The remaining parts of not used SS blocks can be used for data transmission.
In addition to the basic structure, the offset can be introduced for more flexibility of SS burst set composition.



[bookmark: _Ref478051720]Figure 4. Example of specific design of SS burst set composition with offset
Figure 4 shows an example of applying offset on the top of basic structure. The location of SS block #1~#3 are shifted to 2 OFDM symbols left by an offset. In case of SS block #4, #5, and #6, no offset (zero offset) is applied. With the offsets, the number of not used SS blocks is reduced. Only SS block #0 and #6 cannot be used for actual SS block transmission. The introduction of the offset will be beneficial in several scenarios. In LTE-NR coexistence scenario, the offset will be also helpful to allocate SS block more flexibly. According to the agreement on LTE-NR DL TDM coexistence, NR DL is supported in MBSFN subframes of LTE [2]. In this case, if NR transmits SS blocks in MBSFN subframes, the confliction with LTE PDCCH transmission should be avoided.



(a)


(b)
[bookmark: _Ref478070888][bookmark: _GoBack]Figure 5. Example of specific design of SS burst set composition without and with offset
in LTE-NR coexistence
Figure 5 shows examples of SS burst set composition without and with the offset in LTE-NR coexistence scenario. Thanks to the offset, the more efficient SS block allocation is possible as shown in Figure 5 (b) comparing to Figure 5 (a). The offset will be helpful in other scenarios such as mixed numerology. The offset could be common for all SS blocks, SS block group specific (common for several SS blocks), or SS block specific (separate offset for each SS block). It should be further studied. The offset can be conveyed with SS block index through SSS, PBCH, or newly defined TSS if available. If SS block specific offset is available for full flexibility, the indication of SS block index might not be needed. Based on the previous discussion, our proposals for SS burst set composition are as follows:

Proposal 3: Allocating SS blocks across slot boundaries and regardless of multiplexing with any other signal and channel as shown in Figure 2.
Proposal 4: For more flexibility, the introduction of the offset should be considered.
· The offset could be SS block-common, SS block group-specific, or SS block-specific.

Summary
In this contribution, we made the following proposals.
Proposal 1: An SS block comprises of consecutive OFDM symbols.
Proposal 2: The number of antenna port for NR-SSS is one. 
Proposal 3: Allocating SS blocks across slot boundaries and regardless of multiplexing with any other signal and channel as shown in Figure 2.
Proposal 4: For more flexibility, the introduction of the offset should be considered.
· The offset could be SS block-common, SS block group-specific, or SS block-specific.
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