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Introduction
In the RAN1 NR ad hoc meeting in January 2017 meeting, the following was agreed to on the topic of burst set composition and SS time index indication [1].
· 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.
· The signals included in the SS block are FFS between 
· Alt 1: PSS, SSS and PBCH; and 
· Alt 2: PSS, SSS, TSS and PBCH.
· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.
· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
In this contribution, we discussion design considerations for SS burst for multi-beam transmission.
Discussion on SS burst set support for multi-beams transmission
For the purpose of supporting UE’s initial access in an entire cell or sector coverage, 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 (a) and (b), where each beam sweeping time unit for initial access is defined as a SS block which may consist of  CP-OFDM symbols and a SS burst is composed of  SS burst blocks. In each SS block, either single or simultaneous multiple beams may be applied for beam sweeping/training operation. The SS block may be periodically transmitted with a periodical time , i.e. SS burst periodicity. In the example shown in Figure 1 (b), there are two beams are simultaneously transmitting per SS block and the SS burst periodicity is set to  as in Figure 1 (a) single beam per SS block case. Therefore, in the case of Figure 1 (b) 2 beams will be swept per SS block instead of 1 beam per SS block in the case of Figure 1 (a). In this way, it can reduce beam sweeping time. In addition, it can minimize the transmission of always-on signals. From UE perspective, UE can perform timing and frequency acquisition even if several beams are swept within each SS block as long as the SS burst periodicity and number of CP-OFDM symbols per SS block are known to a UE. If a large of number of beams need to be swept using one-beam-at-a-time manner in a SS burst, then a long SS burst periodicity may be needed which could cause problems to high speed UEs. In this case, sweeping multiple beams per SS block may be desired. Support of multiple beams per SS block can be considered as gNB implementation option and can be transparent to the UE.         





(a) SS burst set with single beam transmission




(b) SS burst set with simultaneous multiple beams transmission

[bookmark: _Ref458803080]Figure 1 SS burst set design (a) single beam (b) simultaneous multiple beams transmissionfor each SS block
Observation 1: Sweeping of multiple beams per SS block can increase number of transmit beams than sweeping of single beam per SS block within the same SS burst period. This can potentially reduce the transmission of always-on signals of SS burst and latency of timing and freqeubcy acquisition.  
Proposal 1: Wheather simultaneous multiple beams sweeping per SS block is applied or not is transparent to the UE. 
In the following subsection, we address SS burst design consideration with the time index/indices of an SS block regarding single or multiple beams per SS block design.
[bookmark: _Ref471386577]SS burst design with single beam transmission per SS block
If a single beam is swept per SS block, then the time index/indices of SS block can be used as the implicit indicaton of beam identification. In this case, the time index/indices of SS block may be used for the beam correspondence at the initial access. This information is sufficient for a UE to perfrom the beam correspondence operation because UE can assume only single beam per SS block. Therefore, the time index/indices of SS block can be used for UE to identify a beam without ambiguity. This case may increase the SS burst periodicity and the transmission time of the always-on SS burst in the initial access. For example, as shown in Figure 2, if a SS block spans a slot time (PSS, SSS and/or NR-PBCH since TDM has been agreed in RAN1 Ad hoc Jan meeting) and  beams need to be used in a SS burst, then the minimum SS burst periodicity (assume SS blocks are consecutive) will be set to 50 ms to complete a beam sweeping covering all directions.       


[bookmark: _Ref474068706]Figure 2 a SS burst desing example with supporting single beam transmission per SS block
Observation 2: For single beam sweeping per SS block, the SS burst duration is proportional to the number of swept beams per SS burst multiplied by the number of SS blocks. 
SS burst design with simultaneous multiple beams beam transmission per SS block
If multiple beams are swept per SS block then the time index/indices of SS block might not be used for the implicit indicaton of beam identification. In this case, UE may detect multiple (different) beams from a TRP at a same time in a SS block,as the example shown in Figure 3. This is because multiple beams are associated per SS block. Therefore, the time index/indices of SS block alone is not enough for a UE to identify a beam. Although UE is able to perform timing and frequency acquisition in this case, it may require extra signaling method along with the time index/indices of SS block to further explosre the beam identificaion. The beam reference signal (BRS) or other methods may be used for beam identification. 


[bookmark: _Ref471385919]

[bookmark: _Ref471728953]Figure 3 UE detects multiple (different) beams at a SS block duration
Observation 3: The time index/indices of SS block may not be sufficient for UE to identify different beams when multiple beams are swept per SS block simultaneously. 
Proposal 2: NR should study the use of the bean reference signal or other methods for beam identification.

Conclusion
In this contribution, we discussed SS burst design based on single-beam or multi-beam sweeping per SS block design and concluded the following:
Observation 1: Sweeping of multiple beams per SS block can increase number of transmit beams than sweeping of single beam per SS block within the same SS burst period. This can potentially reduce the transmission of always-on signals of SS burst and latency of timing and freqeubcy acquisition.  
Observation 2: For single beam sweeping per SS block, the SS burst duration is proportional to the number of swept beams per SS burst multiplied by the number of SS blocks. 

Observation 3: The time index/indices of SS block may not be sufficient for UE to identify different beams when multiple beams are swept per SS block simultaneously. 
Proposal 1: Wheather simultaneous multiple beams sweeping per SS block is applied or not is transparent to the UE. 
Proposal 2: NR should study the use of the bean reference signal or other methods for beam identification.
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