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1. Introduction

In previous meetings, the design of SS block including the structure, number and signaling of SS block was discussed with the following working agreements:
Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location

· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
Agreements: 
· For SS block composition, the following should be supported

· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.

· In case that number of PBCH symbols is two within a SS block,

· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS

· Down selection from above options should be done together with NR-PBCH design decision

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
In this contribution, we further discuss the design of SS-block for beam management and signal detection.
2. Discussion
The maximum number of SS-blocks within a SS burst set was agreed for different frequency ranges. The actually transmitted SS blocks in a burst set can be a subset of the maximum number and predefined positions, depended on the required beams in a cell. The gNB could decide the block number/position from the candidates consdiering the working frequency and other factors, e.g. traffic load in a cell, collision between neighboring cell. To avoid the UE to blindly detect the possibly transmitted SS blocks in a burst set within the 5ms window, it is recommended for gNB to provide information on the actually transmitted SS blocks. On the other hand, during cell search process, UE would select the cell to camp on based on the detected beams/SS blocks from each cell. For reliable cell selection, both the number of actually transmitted SS blocks and actually detected SS blocks should be known and considered by UE. For example, the UE could select the cell according to the ratio of detected SS block out of transmitted SS block.

To inform UE the actually transmitted SS blocks, one simple method is bitmap among the possbile position of SS blocks. However, since the signaling needs to be carried in system informtion at least for idel UEs, the overhead of bitmap would be a problem especially in case of L=64. A tradeoff between the signaling overhead and flexibility should be considered. One possible method is indicating the number of activated SS blocks and defining limited pattern(s) for each number. For example, a comb structure in time domain can be introduced within a SS burst set as shown in Fig.1, and the comb value is associated with the number of activated SS blocks. Only few bits are needed and it is easy to carry them in system information or UE-specific signaling. To reduce the design complexity, the same number of bits can be used regardless of the maximal number of SS blocks, e.g. 2 bits for SS block number and 0-2 bits for patterns. It is preferred to include the information in PBCH and then UE could be aware of the activated SS blocks once accessed to gNB. Furthermore, the candidate values could at least includes one which means single beam based initial access is used as a “fallback” mode. 
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Fig.1 Three examples of comb based SS block transmission for comb=2 and maximal value L=8
Proposal 1: The number of acturally transmitted SS blocks K in a SS burst set is configured in PBCH. 
· The same number of indication bits for different frequency band regardless of the value of L is preferred for consistent PBCH overhead, e.g. 2bits.
· The candidate values could at least include {1, L}.

Proposal 2: One or few patterns of actually transmitted SS blocks are predefined for each value of K. Patterns based on time domain comb can be considered.

In case the number of PBCH symbols is two within a SS block, how to multiplex PSS, SSS and PBCH needs to be decided. During the cell search process, UE would detect PSS first, then SSS to acquire cell ID, and finally detect PBCH based on the cell ID. For a UE capable to detect PSS/SSS with very small latency, e.g. within a OFDM symbol, UE doesn’t needs to buffer the received signal again and again before detection of PSS/SSS if the signal order is consistent with the detection order. Also, considering the bandwidth of PSS/SSS and PBCH is different, frequent switching between two bandwidths is not expected from UE implementation. Hence, We propose to support mapping order of “PSS-SSS-PBCH-PBCH” (Option 1).
Proposal 3: In case that number of PBCH symbols is two within a SS block, apply Option 1 (PSS-SSS-PBCH-PBCH) as mapping order.

3. Conclusions
In this contribution, we discuss the design and signaling of SS-block. We have the following proposals:
Proposal 1: The number of acturally transmitted SS blocks K in a SS burst set is configured in PBCH. 
· The same number of indication bits for different frequency band regardless of the value of L is preferred for consistent PBCH overhead, e.g. 2bits.

· The candidate values could at least include {1, L}.

Proposal 2: One or few patterns of actually transmitted SS blocks are predefined for each value of K. Patterns based on time domain comb can be considered.
Proposal 3: In case that number of PBCH symbols is two within a SS block, apply Option 1 (PSS-SSS-PBCH-PBCH) as mapping order.
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