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Introduction
At the RAN1 #88 meeting, the following was agreed on the topic of SS Block Design [1].
· 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
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 and Figure 2, where each beam sweeping time unit for initial access is defined as an SS block which may consist of  CP-OFDM symbols, an SS burst is composed of  SS burst blocks and an SS burst set may consist of  SS bursts. 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 beam positions 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 beam positions 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 beam positions are equal to  slots and it requires minimum  (based on slot duration  with  Hz) to complete an SS burst set sweeping. If we use  symbols per SS block then it requires 2.6786 ms to finish an SS burst set sweeping. In addition, the time for SS burst set may also depends on the beam pattern for an SS block. For example, the SS burst set time with a single beam pattern for each SS block (as shown in Figure 1) may be twice longer than the SS burst set time with a two beam pattern for each SS block (as shown in Figure 2). 
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.  
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: _Ref478148363]Figure 1 SS burst set with a single beam pattern for each SS block



[bookmark: _Ref458803080]Figure 2 SS burst set with a two beam pattern for each SS block

Observation 2: The sweeping time of an SS burst set may be impacted by several factors, e.g.  SS block mapping to a time slot, SS block arrangement within a burst set, etc.      
In the following section, we discuss SS burst set design.
[bookmark: _Ref471386577]Number of SS blocks per SS burst 
Since the maximum number of SS-blocks within an SS burst set supported is carrier frequency dependent, hence, the number of maximum number of SS blocks can be varied with carrier frequency.  For example, the number of SS blocks per SS burst can be set to  with one beam for carrier frequency < 6 GHz and the number of SS blocks per SS burst can be set to  with multi-beam for carrier frequency > 6 GHz, as illustrated in Figure 3.




(a) > 6 GHz, SC 60KHz, multi-beam 




(b) < 6 GHz, SC = 15KHz, one beam

[bookmark: _Ref471743926]Figure 3 SS blocks per SS Burst
Proposal 1: The number of SS blocks may vary with different carrier frequencies.
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: 
                                                                ,

[bookmark: _GoBack]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 4.   
· 



[bookmark: _Ref471728953]Figure 4 A design example of SS burst design 
Proposal 2: To achieve maximum allocation of SS blocks per SS burst within multiple slots, it is preferable that SS blocks can be continuously allocated in multiple slots. The number of aggregated slots for an SS burst can be further studied.
Content of SS block
The content of an SS block may either contain PSS, SSS and PBCH or only PSS and SSS (without PBCH). Note, the SS block may also include a third synchronization signal. The PBCH burst set period may be set equal to  SS burst set periods. The value of  can be further studied. For example, if an SS burst set period is 10 ms then PBCH burst set period may be set to 20 ms, 40 ms, etc. 


    Figure 5 Content of an SS block   
Proposal 3: An SS block may contain PSS, SSS, and PBCH or only PSS and SSS, the PBCH burst set period can be set as. The value of n 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.  
Observation 2: The sweeping time of an SS burst set may be impacted by several factors, e.g.  SS block mapping to a time slot, SS block arrangement within a burst set, etc.
Proposal 1: The number of SS blocks may vary with different carrier frequencies.
Proposal 2: To achieve maximum allocation of SS blocks per SS burst within multiple slots, it is preferable that SS blocks can be continuously allocated in multiple slots. The number of aggregated slots for an SS burst can be further studied.
Proposal 3: An SS block may contain PSS, SSS, and PBCH or only PSS and SSS, the PBCH burst set period can be set as . The value of n can be further studied.
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