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Introduction
The agreements and working assumptions related to SS block in the last meeting [1] are as follows:
	Agreements:
· Working assumption: Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation
· Number of SSS signals: 1000 post-scrambling
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling
· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met 
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec

Agreements:
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.
· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.

Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)

Agreements:
· In a single SS block, the symbols are consecutive




There is also the agreement on the maximum number of SS blocks within SS burst set as follows:
	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




In addition, the following work plan for NR-SS has been made.
	Conclusions:
· For NR-SS,
· Following remaining issues need to be finalized in the next meeting
· Confirmation of WA of NR-PSS
· NR-SSS M-sequence parameters and scrambling details
· Mapping from Cell IDs to sequences
· Maximum number of SS blocks in an SS burst set
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations
· Followings remaining issues need to be finalized by Nov. meeting
· Remaining details of SS burst set configurations
· Mapping of SS blocks to bursts
· Mapping of SS bursts to burst sets
· Indication of actually used SS blocks
· Note that all RRC related aspects need to be finalized by Oct. meeting




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

Design of SS Block and Burst Set Composition
SS block composition
According to the above working assumption and agreements, every SS block includes NR-PSS, NR-SSS, and NR-PBCH and a single SS block consists of four consecutive OFDM symbols. The transmission bandwidth between NR-PSS/SSS and NR-PBCH are different each other. It does not need to consider NR-SSS as DMRS for NR-PBCH since self-contained DMRS for NR-PBCH is introduced. Therefore, considering several aspects such as PBCH channel estimation performance, resource mapping, filtering operation, and so on, it will be better that localized symbol mapping for NR-SS and NR-PBCH respectively as shown in Figure 1. It will be also helpful to use NR-PSS as reference signals for coherent detection of NR-SSS.


 		
(a)                                                              (b)
[bookmark: _Ref474185284]Figure 1. Example of multiplexing of PSS, SSS and PBCH within an SS block
Figure 1 shows two alternatives of SS block composition. Regarding the time locations for NR-PSS and SSS, the symbol order between NR-PSS and NR-SSS does not matter. However, LTE-like mapping for NR-PSS and NR-SSS may be beneficial if extended CP for NR-SS is introduced.

Proposal 1: Localized symbol mapping for NR-SS and NR-PBCH respectively as shown in Figure 1

SS burst set composition
[bookmark: _GoBack]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. According to the review of other companies’ contributions submitted to the last meeting, most companies prefer to allocate SS blocks not across slot boundaries. In order to go with the flow, we also consider SS burst set composition consisting of SS blocks which are not across slot boundaries. However, it should be considered that mixed numerology scenario where the numerology for SS blocks and the numerology for data transmission are different each other. The NR-LTE coexistence also should be taken into account. Therefore, as a basic structure, we propose that a slot transmitting SS blocks consists of 14 OFDM symbols regardless of numerology even though under the current agreement there are 7 or 14 OFDM symbols in a slot if a subcarrier spacing is less than or equal to 60 kHz. With the assumption, two examples are shown in Figure 2.
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[bookmark: _Ref478046790]Figure 2. Example of basic structure of SS burst set composition
In case of Figure 2 (a), the last part of slot can be used for DL transmission and another SS block as well as UL transmission. Similarly, the front part of slot in Figure 2 (b) can be used for another SS block as well as DL transmission. It should be determined whether the last or first part of the slot will be used for actual SS block transmission since a single set of possible SS block time locations is specified per frequency band. 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 current agreement that the number of OFDM symbols in a SS block is four, this approach will provide enough possible SS block candidates within 20ms.
Table 1. Example of number of possible SS block candidates within 20ms
	Subcarrier spacing
	15kHz
	30kHz
	120kHz
	240kHz

	# of possible SS blocks
	40(60)
	80(120)
	320(480)
	640(960)



Mixed numerology
The frequency resources in the OFDM symbols transmitting SS blocks could be used for other control/data transmission. If different numerologies between SS blocks and others are used, and self-contained slot structure is used, the confliction between SS block transmission and UL transmission should be avoided in order to avoid cross-link interference.
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(a)                                                                                    (b)
[bookmark: _Ref478049907]Figure 3. Example of mixed numerology scenario
Figure 3 shows examples that mixed numerology is used. If the numerology within SS transmission bandwidth is 30 kHz and the numerology for other frequency region is 15 kHz, with the example of SS burst set composition in Figure 2 (b), the cross-link interference due to the confliction between SS block transmission and UL transmission cannot be avoided if timing advanced in applied for UL transmission. However, with the example in Figure 2 (a), the collision can be avoided.

NR-LTE coexistence
According to the agreement on NR-LTE DL TDM coexistence, NR DL is supported in MBSFN subframes of LTE [2]. NR DL transmission is also supportive in LTE DL non-MBSFN subframes [1]. It is only limited to mini-slot based transmission. Therefore, if SS block transmission is necessary in LTE subframe, it can be limited only in LTE MBSFN subframes. In this case, the confliction with LTE PDCCH transmission should be avoided.
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[bookmark: _Ref478051720]Figure 4. Example of NR-LTE coexistence
Figure 4 shows that SS block transmission with the example in Figure 2 (b) in LTE MBSFN subframe. There is no collision between LTE PDCCH and NR transmission. The potential NR DL/UL transmission is also guaranteed as well as SS block transmission.

Based on the previous discussion, our proposals for SS burst set composition are as follows:

Proposal 2: The slot transmitting SS blocks consists of 14 OFDM symbols regardless of numerology for SS block transmission.
Proposal 3: The examples in Figure 2 should be considered as basic structure for SS burst set composition.

Summary
In this contribution, we made the following proposals.
Proposal 1: Localized symbol mapping for NR-SS and NR-PBCH respectively as shown in Figure 1
Proposal 2: The slot transmitting SS blocks consists of 14 OFDM symbols regardless of numerology for SS block transmission.
Proposal 3: The examples in Figure 2 should be considered as basic structure for SS burst set composition.
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