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Introduction
In RAN1#87, the configuration of SS-blocks were agreed as follows,  
Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams

· For RAN1 evaluation purposes, it is assumed that the SSS and PBCH (if present) ports within an SS-block are constructed with applying same or different weights on a common pool of beams 
· The common pool of beams are constructed by applying beam steering weights on physical antennas on each of a common set of TXRUs
· Note: SSS and PBCH may or may not share the same ports.
Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band
· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not
· FFS: CP length

Agreements:
· From UE perspective, SS burst set transmission is periodic
· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency
· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied
· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network
· FFS: Validity duration of information
· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity
· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available
· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption
Agreements:
· Companies are encouraged to propose and evaluate following design parameters of NR-PSS/SSS until next meeting
· SS burst set periodicity
· Subcarrier spacing
· Sequence length
· Sequence type
· Number of IDs provided by NR-PSS/SSS
· Resource mapping/multiplexing
· Following target requirements should be taken into account in NR-PSS/SSS design
· Robustness against initial frequency offset up to 5 ppm
· 10 ppm as optional requirement
· Reasonable complexity for NR-PSS/SSS detection
· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· Companies report detection probability, the residual timing error and frequency error 
· Good detection performance in multi-cell scenario
· Note: for mMTC, different target requirements may be considered
· Following aspects can be considered (not an exhaustive list)
· Low system overhead due to NR-PSS/SSS transmission
· Low PAPR of waveform for possible power boosting transmission
· Multiplexing with other signal/channel for efficient operation
· Utility of NR-PSS/SSS as reference signal for other channels, e.g., PBCH

In this contribution, we discuss the SS block periodicity and its impact to the RRM measurements and UE cell search performance.    

Periodicity of SS Block and RRM Measurements


 The transmission of SS-blocks, which consists of NR-PSS/NR-SSS/NR-PBCH, is for UE to perform cell detection and measurement.  In RAN1#86bis, the unified structure of DL synchronization signals was agreed in the following

· 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.


SS-block is the building block of the synchronization signals (NR-PSS/NR-SSS) and broadcast channel (NR-PBCH).  The initial access procedure includes the detection of the system timing and retrieves the system information in sequence.    The detection of NR-PSS would derive the coarse DL timing.   The detection of NR-SSS could fine tune the DL timing.  The detected NR-PSS and NR-SSS would be used for the channel tracking and estimation for the demodulation of the NR-PBCH.   TDM of NR-PSS and NR-SSS would provide better performance results of frequency offset and Doppler estimation.  The CP length could be derived from the timing of NR-PSS and NR-SSS if they are TDM multiplexed.  TDM of NR-PSS/NR-SSS/NR-PBCH would allow the sequential detection of network timing and retrieval of system information.   The other advantage of TDM of NR-PSS/NR-SSS/NR-PBCH is the reduced detection complexity.  UE could have N-time down sampling the timing detector for the NR-PSS peak detection.   After the coarse timing derived from the NR-PSS, the system timing could be retune by the detection of NR-SSS timing with normal sampling of window length N as shown in Figure 1.   Thus, FDM multiplexing of NR-PSS/NR-SSS/NR-PBCH could achieve detection complexity reduction and good performance in NR initial access.   




[bookmark: _Ref471623464]Figure 1: Graphic illustration of reduced complexity peak detection of NR-PSS and NR-SSS with TDM multplexing

Proposal 1: NR-PSS/NR-SSS and NR-PBCH should be TDM multiplexed to minimize the UE detection complexity of synchronization signals and retrieve the system information from NR-PBCH.    

SS-burst is composed with one or more SS-blocks as shown in Figure 2.  SS-burst composes of multiple SS-blocks to enable repetitive transmissions of SS-blocks in the same direction for coverage extension or different direction for multi-beam configuration.  For multi-beam configuration, it should be possible to transmit SS-blocks from same beam multiple times within one SS-burst.   The number of SS-blocks within a SS-burst would be determined based on the deployment scenario and operating frequency band.    For example, the number of SS-blocks within a SS-burst in the deployment scenario of beam sweeping in multi-beam configuration is determined by the number of beams.  In order to complete sweeping the coverage area, each beam needs to have at least one SS-block transmission over the sweeping interval.   The number of SS-blocks within a SS-burst should be flexibly determined in the deployment.

Proposal 2:  The number of SS-blocks within a SS-burst should be flexibly determined in the deployment.
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[bookmark: _Ref471619861]Figure 2: Structure of NR synchronization signals
The performance of the cell search depends on the periodicity of SS-burst transmission.  The performance of NR-PSS/NR-SSS detection targets one shot detection at SINR= -6 dB with the assumption of UE frequency stability of 5 ppm and multi-cell interference environment as agreed in RAN1#87.   UE should be able to detect NR-PSS/NR-SSS from a SS-block regardless the number of SS-blocks is included in a SS-burst.  The periodicity of the SS-burst would affect the NR-PSS/NR-SSS detection in the slow fading channel and multi-cell deployment with interference.   Considering the shadow fading cycle with ±8 dB standard deviation, the SS-burst periodicity needs to be less than 20 ms to allow the UE detect the NR-PSS/NR-SSS with high probability of detection at SINR= -6 dB

Proposal 3:  Considering the shadow fading cycle with ±8 dB standard deviation, the SS-burst periodicity needs to be less than 20 ms to allow the UE detect the NR-PSS/NR-SSS with high probability of detection at SINR= -6 dB

 The periodicity of the SS-burst is also critical to the performance of the RRM measurements and initial access.   Once UE detects NR-PSS/NR-SSS, UE derives the DL timing of the detect cell.  UE also uses the detected NR-PSS/NR-SSS for the channel tracking for demodulation of NR-PBCH.   Although the target NR-PSS/NR-PSS detection performance is at SINR= -6 dB with one shot detection, SS-burst used for channel tracking demands large number of accumulation to improve the SINR for time and frequency tracking. Accurate channel tracking would be beneficial to the RRM measurements for the initial access.  The periodicity of SS-burst for channel tracking should not be more than 10 ms to allow accumulation of NR-PSS/NR-SSS for SINR improvement.

Proposal 4:   The periodicity of SS-burst for channel tracking should not be more than 10 ms to allow accumulation of NR-PSS/NR-SSS for SINR improvement.


A SS-burst set is a series of SS-bursts transmission.   The finite number of SS-bursts in a SS-burst set enable ON/OFF transmission of SS-bursts.   The periodicity of the SS-burst set represents the combination of the ON and OFF periods of the SS-burst transmission.  The length of SS-burst set represents the ON period of the SS-burst transmission.   The end of one SS-burst set till the start of the next SS-burst set represents the OFF period of the SS-burst transmission.   The ON/OFF transmission of SS-burst would allow the network to perform interference management and network power saving.   The SS-burst set and its periodicity need to be fixed in the specification in order for UE to search the NR cell for all numerologies.  Thus, the periodicity of the SS-burst set should be defined based on long term inter-cell interference scheme and network power saving scheme. 

Proposal 5: The periodicity of the SS-burst set should be defined based on long term inter-cell interference scheme and network power saving scheme

Conclusion
This paper discusses the unified structure of synchronization and the function in determining the periodicity of the synchronization structure, SS-block, SS-burst, and SS-burst set.  We propose the following,  
· Proposal 1: NR-PSS/NR-SSS and NR-PBCH should be TDM multiplexed to minimize the UE detection complexity of synchronization signals and retrieve the system information from NR-PBCH.    
· Proposal 2:  The number of SS-blocks within a SS-burst should be flexibly determined in the deployment.
· Proposal 3: Considering the shadow fading cycle with ±8 dB standard deviation, the SS-burst periodicity needs to be less than 20 ms to allow the UE detect the NR-PSS/NR-SSS with high probability of detection at SINR = -6 dB
· Proposal 4: The periodicity of SS-burst for channel tracking should not be more than 10 ms to allow accumulation of NR-PSS/NR-SSS for SINR improvement.
· Proposal 5: The periodicity of the SS-burst set should be defined based on long term inter-cell interference scheme and network power saving scheme
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