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1 Introduction
In 3GPP RAN1#86bis meeting, the following agreements were made on the design of synchronization signal [1]:

Agreements:
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz
Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· NR defines at least one broadcast channel: NR-PBCH

· 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
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range
· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

In this contribution, we discussed the design aspects on the synchronization signal and present our view.

2 Transmission of synchronization signal 
In LTE system, the UEs could acquire the physical cell ID, CP type, duplex scheme, time domain synchronization and coarse frequency domain synchronization by detecting the PSS/SSS. In 5G NR synchronization signal design, the time/frequency domain synchronization should still be provided. 

Based on the reference numerology 15KHz, subframe duration is fixed to 1ms. Before performing initial access to the network, symbol boundary synchronization and subframe boundary synchronization should be obtained by NR-PSS, SSS and/or PBCH.
Since the subcarrier spacing for the synchronization signal of different frequency range may be different [2], thus the transmission time duration and transmission bandwidth for the synchronization signal of different frequency range may be different. In order to reduce the UE decoding complexity and to obtain the time/frequency domain synchronization within a short time, some principles should be predefined. Such as there should be a predefined mapping table between frequency band and the characters of synchronization signal and the table should be known by both gNB and UE. The characters of the transmitted synchronization signal include following listed parameters:

· Numerology including subcarrier spacing, CP length and symbol length,
· Transmission time resource, 
· Transmission frequency resource. 
In LTE system, the time/frequency resource of PSS/SSS for all frequency range is same to each other. In time domain, SSS locates in symbol #6 and PSS locates in symbol #7 in subframe #0 and subframe #5 with frame type #1. While in frequency domain, the transmission bandwidth is the 6RB in the center. In order to further reduce the UE complexity, it is better that the time/frequency resource of NR SS with different subcarrier spacing is overlapped or partly overlapped. Thus the transmission time resource position of synchronization signal with different subcarrier spacing should be same relating to a 1ms subframe boundary, e.g., start at the same time (can be seen in Fig.1), or end at the same time, or based on the 0.5ms time position, NR SSS is transmitted in the symbol before the 0.5ms time position and NR PSS is transmitted in the symbol after the 0.5ms time position. In this case, it is easy for UE to acquire the time domain synchronization in a short time by NR PSS/SSS or PBCH even with different subcarrier spacing. The transmission resource in frequency domain can be designed according to a same principle.  
[image: image1.jpg]Subframe#1:1ms
Subframe#0 (Subcarrier spacing: 15KHz, 14 symbols in one subframe) Subframe#2

SS block: PSS/SSS/PBCH

Subframe#1:1ms

Subframe#0 (Subcarrier spacing: 30KHz, 28 symbols in one subframe) ) Subframe#2
0l1]|2|3(4|5]|6]7|8[9(1]1 11T 1|3 2|212|2|2]|2]|2|2
0|1 6l7Z|8|9|0:|1]|2]|3|4]|5]|6|7

SS block: PSS/SSS/PBCH




Fig.1, The transmission time of SS with different subcarrier spacing

Proposal 1: The transmission time resource position for synchronization signal should be overlapped or partly overlapped for different subcarrier spacing.
As discussed above, we assumed that the synchronization signal is transmitted with a single beam. All UE can only detect the same synchronization signal with same transmission time and frequency resource regardless of the UE position.
It is possible that ‘SS block(s)’ compose an ‘SS burst’ and different ‘SS block(s)’ is transmitted in different symbol(s) for different beam direction, seen in Fig.2. For a given UE, It can only detect a synchronization signal with one beam direction in whose coverage the UE locates. In order for time synchronization at UE side, the transmission time of each ‘SS block(s)’ with different beam direction should be included in the predefined mapping table. Furthermore, compared to the single beam case, some new information should be indicated by the beam specific ‘SS block(s)’ in the case of multiple-beams. The new information can be the number of the transmitted ‘SS block(s)’ within the ‘SS burst’ or the predefined beam ID. Since from the predefined mapping table, UE can know the transmission time resource position of each ‘SS block(s)’. With the new information, UE can know the transmission time of the detected ‘SS block(s)’. Thus UE can acquire the symbol boundary synchronization and the subframe boundary synchronization of the gNB.
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Fig.2, Different ‘SS block’ with different beam direction in ‘SS burst’ 
Proposal 2: The assistant information for deciding the transmission time resource position of each beam specific synchronization signal should be indicated to UE.
3 Conclusions
In this contribution, we present the discussion on the details of synchronization signal. Based on our analysis, we have the following proposals:
Proposal 1: The transmission time resource position for synchronization signal should be overlapped or partly overlapped for different subcarrier spacing.
Proposal 2: The assistant information for deciding the transmission time resource position of beam specific synchronization signal should be indicated to UE.
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