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1. Introduction
At last RAN1#88bis meeting, synchronization signal and initial access procedure had made good progress [1]. In this contribution, we focus on SS block design and SS burst set composition and share our consideration on SS block structure, usage of unused SS block, and SS-burst structures in one slot.
2. Discussion
2.1. SS block composition
The past agreements related SS block are summarized below [2] [1]: 
· NR-SSS detection is based on the fixed time/frequency relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. At least, normal CP is supported for NR-PSS/SSS. [2]
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. [2]
· In both single beam and multi-beam scenario, time division multiplexing of NR-PSS, NR-SSS, and NR-PBCH is supported. NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within an SS block. 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. [2]
· UE assumes the same PBCH numerology as that of NR-SS.
· 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
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
· Number of symbols per SS block 
· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
In addition, according to the following work plan which made at the last RAN1#88bis meeting [3], the following remaining issues related SS block need to be finalized at this meeting:
· 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

In this section, we focus on multiplexing pattern of NR-PSS, NR-SSS and NR-PBCH in one SS block based on the agreements so far. 
The length of SS-block structure is 4 consecutive symbols, where NR-PSS and NR-SSS take on symbol each, and NR-PBCH takes 2 symbols. The bandwidth of NR-PBCH is twice of that of NR-PSS/NR-SSS (including guard band on both sides).
Firstly, to simplify system design and UE implementation, and potentially using NR-SSS as part of demodulation for NR-PBCH, we give the following proposals which have not been clearly stated before.
Proposal 1: For a given frequency band, NR-SSS is transmitted at the same frequency position as that of NR-PSS.
Proposal 2: The synchronization signals (i.e. NR-PSS, NR-SSS) are transmitted within the frequency range of the NR-PBCH.
As SS block is multiplexed in the time-frequency plane, different time/frequency positions among PSS, SSS and PBCH will lead to different SS block patterns.

Figure 1 (Figure A&B&C) illustrates the potential SS block patterns:
Solution 1: The center frequency of NR-PSS and NR-SSS is aligned with NR-PBCH (Figure A)
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Solution 2: The frequency of the NR-PSS and NR-SSS is aligned with low band of NR-PBCH (Figure B)
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Solution 3: The frequency of the NR-PSS and NR-SSS is aligned with high band of NR-PBCH (Figure C)
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For different SS-block patterns, we have the following observations:
· According to UE cell search procedure, the detection or demodulation on signal/channel order is NR-PSS first, then NR-SSS, and then NR-PBCH.
· Keeping the same center frequency of NR-PSS/SSS with NR-PBCH will simplify UE implementation.
· These is no obvious justification to separate two NR-PBCH symbols, unless NR-PBCH performance can be guaranteed with only NR-SSS symbol (together with unused PRBs in that symbol) as demodulation RS for NR-PBCH, e.g. using pattern A-7. We have a companion contribution [4] to discuss this issue.
· Some pattern from pattern B and C series may gather unused SS-block PRBs together, while there is no evidence to show extra benefits comparing with pattern A series, especially from SS-block detection and demodulation performance perspective.
So, we proposed Pattern A-1 is adopted as the fixed structure for NR SS-block, unless clear performance gain has been found from other potential patterns.
Proposal 3: Pattern A-1 in Figure 1 is adopted as the fixed structure for NR SS-block.
2.2. Usage of unused SS block
From the proposed NR SS-block structure, some left resources within SS-block are not defined, which outside of the NR-PSS/SSS, there are 12 unused PRBs for each SS symbol. These resources usage should be clearly defined in NR specification.
As NR system is expected to operate using single-beam or multi-beam operation, in scenarios below and above 6 GHz, multi-TRPs or single TPR with analog or digital or hybrid beam capability, an unifies design is preferred for these left resources within SS-block. 
Further, we notice these left resources potentially possess the same beam characteristic as SS-block, so it is ideally to transmit signals/channels on these unused resources which have the similar beam feature as that of SS-block signals/channel. Naturally, Paging signal/channel is a promising candidate to be transmitted in these left resources. In addition, for multi-beam Paging design, tightly associating paging with SS block will benefit for UE to receive Paging.
Other signals, such as on-demanded SI, or Group Common PDCCH, or beam specific CSI-RS for BM or mobility RRM or other broadcast information which possess the same beam level as SS-block should also be considered as candidates to be transmitted on these left resources. Payload size is one of factors to be evaluated whether these candidates is suitable to be transmitted in left resources of SS-block.
Proposal 4: The usage of unused SS block should associate with the beam characteristic of SS-block. 
Proposal 5: Paging signal/channel, or on-demanded SI, or Group Common PDCCH, or beam specific CSI-RS for BM or mobility RRM or other broadcast information are candidates to be transmitted in these unused resources of SS block.
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Figure 2 Usage of unused SS block
2.3. SS burst set composition
Based on four symbols SS-block structure, for SS burst set composition, we have the following considerations:
· SS block position is fixed in a slot; and SS block mapping is not across slot boundary. [5]
· SS block position in a slot is frequency agnostic, in addition, SS burst set design should not degrade the performance of single beam operation.
· SS burst set design should strive for duplex agnostic, which means SS block is not transmitted in UL slot or UL-dominated slot.
· The first two symbols are reserved for DL control.
· The second first two symbols (the 3rd and 4th symbols) are reserved for NR-PDSCH DMRS. SS block position should not collide with potential DMRS position, at least for front-loaded DMRS; such design will not degrade the performance of single beam operation.
· At least the last two symbols are reserved for UL control transmission to guarantee the low latency requirement. 
· A predefined or defaulted SS burst set structure with maximum number of nominal SS blocks is predefined for each frequency range in NR specification.
And the possible candidate SS-burst structures within one slot are depicted in Figure 3.
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Figure 3 Possible candidate SS-burst structures within one slot
Proposal 6: Adopting the patterns in Figure 3 as the candidate SS-burst structures in one slot.
3. Conclusion

In this contribution, we discuss SS block design and SS burst set composition with the following proposals:

Proposal 1: For a given frequency band, NR-SSS is transmitted at the same frequency position as that of NR-PSS.
Proposal 2: The synchronization signals (i.e. NR-PSS, NR-SSS) are transmitted within the frequency range of the NR-PBCH.
Proposal 3: Pattern A-1 in Figure 1 is adopted as the fixed structure for NR SS-block.
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Proposal 4: The usage of unused SS block should associate with the beam characteristic of SS-block. 
Proposal 5: Paging signal/channel, or on-demanded SI, or Group Common PDCCH, or beam specific CSI-RS for BM or mobility RRM or other broadcast information are candidates to be transmitted in these unused resources of SS block.
Proposal 6: Adopting the patterns in Figure 3 as the candidate SS-burst structures in one slot.
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