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Introduction
At the RAN1 #88b meeting, the following was agreed on the topic of SS block composition, SS burst set composition [1].
· 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
· For frequency range up to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is to be down-selected among:
· Alt 1: 16
· Alt 2: 8
· Alt 3: 4
· FFS whether or not to have a fixed max value per frequency range
· FFS whether or to have a smaller max number  for different frequency ranges
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is to be down-selected among
· Alt 1: 128
· Alt 2: 64
· Alt 3: 32
· Other numbers are not precluded
· 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.
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)

In this contribution, we discuss design options for the SS Block.
SS Burst Set Design 
To support a UE’s initial access coverage in a sector or a cell, a NR-node or TRP may sweep multiple beams over the entire coverage specifically carrying the DL synchronization signal (SS) and essential system information via NR-PBCH.   
An example of SS burst set design for multi-beam operation is depicted in Figure 1. Each beam sweeping time unit for initial access is defined as an SS block which consists of  CP-OFDM symbols, and an SS burst is composed of  SS burst blocks. In each SS block, either single or multiple beam pattern may be applied for beam sweeping/training operation as shown in Figure 1 and Figure 2 respectively. The SS burst may be periodically transmitted with a periodicity of . 
If a large of number of beams need to be swept by using one beam pattern in an SS block, then a long SS burst set length may be needed.  For example, if total number of beams to be swept in an SS burst set is  , each SS block consists of  symbols and each slot consists of 14 symbols, then the minimum number of slots required to cover all beams equals to  slots and it requires minimum  (based on slot duration  with  Hz) to complete an SS burst set sweeping. 


[bookmark: _Ref478148363]Figure 1 SS burst set with a single beam pattern for each SS block
Observation 1: The minimum sweeping time of an SS burst set is dependent on the number of OFDM symbols per SS block and the number of beams in a sweeping pattern.  
Furthermore, the above calculated SS burst set time may be even longer, if we consider how SS blocks are mapped into a time slot, e.g. the number of skipped symbol(s) within a slot or a slot set, and how SS blocks are arranged within a burst set, etc.      
[bookmark: _Ref471386577]SS burst design with slot mapping 
The number of SS blocks (containing N symbols) per SS burst can be determined by the number of aggregated time slots () for an SS burst, number of DL symbols () reserved within aggregated time slots, number of UL symbols () reserved within aggregated time slots, and number of DL-UL gap symbols (). The maximum number of SS block per SS burst can be based on the following equation, assuming 14 symbols per slot: 
                                                                ,

Here, we use an example to illustrate an SS burst design for carrier frequency > 6 GHz. In this example, an SS block composites of  OFDM symbols, e.g., it consists of one PSS symbol, one SSS symbol and two PBCH symbols. With,,,, we have    SS blocks per SS burst as shown in Figure 2.   
· 



[bookmark: _Ref471728953]Figure 2 A design example of SS burst design with contiguous SS block allocation
Proposal 1: To achieve maximum number of allocated SS blocks per SS burst within multiple slots, it is preferred that SS blocks can be continuously allocated in multiple slots. The number of aggregated slots for an SS burst can be further studied.
The SS block can be non-contiguously allocated in a time slot to allow other physical channels to be multiplexed in time domain with the SS block to save system overhead such as paging indication, remaining SI, etc.  An example of noncontiguous SS block is shown in Figure 3. In this case, the noncontiguous SS block allocation for a SS burst set will have a longer duration than continuous allocation. The impact of non-contiguous allocation of SS blocks needs further study in terms of system overhead and performance.  


[bookmark: _Ref481764743]Figure 3 A design example of SS burst design with noncontiguous SS block allocation
Proposal 2: Support of non-contiguous SS blocks in multiple time slots can be further studied.  

Conclusion
In this contribution, we discussed several design options for SS Block, which may be summarized as the following observations and proposals.
Observation 1: The minimum sweeping time of an SS burst set is dependent on the number of OFDM symbols per SS block and the number of beams of a sweeping pattern.  
Proposal 1: To achieve maximum number of allocated SS blocks per SS burst within multiple slots, it is preferred that SS blocks can be continuously allocated in multiple slots. The number of aggregated slots for an SS burst can be further studied.
Proposal 2: Support of non-contiguous SS blocks in multiple time slots can be further studied.  
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