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1. Introduction

In RAN1#88bis meeting, an LS [1] was sent to RAN4 and asked RAN4 to confirm whether potential issues exists for supporting the configured SS burst set periodicity which was agreed in RAN1.
	RAN1 has agreed on a set of configuration values for synchronization signal (SS) burst set periodicity applicable for UEs in RRC_CONNECTED and IDLE mode that are operating in standalone NR cells, and for UEs that are operating in non-standalone NR cells. The SS burst set periodicity is the period in which the same SS block is repeated. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms. 

RAN1 would like to ask RAN4 to check and confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. Specifically if 160 ms SS burst set periodicity can be used as synchronization source for UEs in RRC_CONNECTED and IDLE mode.


In this contribution, we provide some considerations on the candidate SS burst set periodicities from RRM perspectives.
2. Discussion
UE perform measurements on SS blocks to derive cell quality for mobility purpose. Based on detecting SS blocks, UE shall perform cell detection to obtain cell ID and frame/slot/symbol timing synchronization.
RAN1 sent an LS [1] to ask RAN4 to confirm several SS burst set periodicity values. Usually a larger SS burst set period leads to a longer cell identification delay for a given physical layer design of SS block. In NR, the supported mobile speed is up to 500 km/h. A too long cell identification delay due to large SS burst set period may not be suitable and the mobility performance might degrade. RAN4 shall investigate the impacts of cell identification delay with using different SS burst set periods on mobility performance.
RAN4 need perform link level simulation to evaluate the cell identification delay with different SS burst set periods. If the cell identification performance with good one-shot detection probability could be achieved by NR-SS design, the difference of cell identification delay between different SS burst set periodicity values would be no more than 160ms. The UE with a speed up to 500 km/h moves about 22 meters during 160ms, which seems to have negligible impact on mobility performance. Once UE needed to take ten SS burst set periods to identify a cell, the cell identification delay would be 1.6 seconds for 160ms SS burst set period, which might not be suitable for the mobile UE with a speed up to 500 km/h. Hence, RAN4 needs perform system level simulation to evaluate whether the long cell identification delay due to large SS burst set period would impact UE mobility performance.
Observation 1: Both link level simulation work and system level simulation work are needed for evaluating the SS burst set periodicity values.
· Link level simulation of evaluating cell identification delay with different SS burst set periodicity values

· System level simulation of evaluating the impact of cell identification delay with different SS burst set periodicity values on mobility performance 
2.1. Link level simulation work

The cell identification delay depends on the number of required cell searching opportunities and the length of SS burst set periodicity. The number of required cell searching opportunities is impacted by NR-SS design and SS burst set composition.
In RAN1#88bis meeting, RAN1 has reached the following agreements on NR-SS design, SS block composition, SS burst set composition and SS time index indication.
	Agreements:

· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: octal 145

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
Agreements:
· 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

Agreements:

· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

Agreements:

· 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.


According to the above agreements, for different frequency ranges, RAN1 could have different definition of the number and positions of possible transmitted SS blocks in an SS burst set for NR-SS. It can be observed that the maximum number of SS-blocks within SS burst set is frequency range specific, and the number and positions of possible transmitted SS blocks in an SS burst set is predefined. However, UE still cannot assume how many and which position will be used by BS for SS block transmission. Essentially, the link simulation is the results of probability statistics. If more SS blocks were transmitted in an SS burst set, there would be more opportunities provided for UE to identify cells, which might result a short cell identification delay.
In multi-beam scenario, SS blocks within an SS burst set might be transmitted with different beams. The obtained beamforming gain of each SS block from the same cell could be different, and the number of SS blocks that can be detected by the UE at different locations could also be different. As shown in Figure 1, within an SS burst set period, there is only one detectable SS block for UE 1 while there are two detectable SS blocks for UE 2. More detectable SS blocks within an SS burst set period may lead to a faster cell identification.
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Figure 1: Example for SS blocks transmission within an SS burst set
Therefore, the cell identification performance might be impacted by the number of SS blocks transmitted within an SS burst set as well as UE location. If all the setups for the number of transmitted SS blocks as well as UE location are considered, there will be a large number of cases for evaluating cell identification delay which makes a heavy workload for RAN4. Hence, RAN4 need to identify one or several typical scenarios for link level simulation evaluation.

Observation 2: For reducing workload, RAN4 need to identify one or several typical scenario setups of link level simulation for evaluating cell identification delay with different SS burst set periodicity values.
For link level simulation, the emulator needs to emulate the SS-blocks transmission for one link between a BS and a UE. So, the details of NR-PSS/SSS including sequence type and resource mapping shall be informed to RAN4. According to RAN1 agreements, UE only can obtain symbol timing synchronization by detecting NR-PSS/SSS in an SS block. UE shall perform PBCH decoding to read the time index indication, which indicates the time domain position of the detected SS block within an SS burst set period, for acquiring the frame timing synchronization. So, PBCH transmission and reception shall be emulated and the details of PBCH design shall also be informed to RAN4, including channel coding, modulation and resource mapping etc. However, the physical layer designs for NR-SS and PBCH are still under discussion in RAN1. The simulation work could be started only when the details of NR-PSS/SSS and PBCH has been determined in RAN1.
Observation 3: In RAN4, the link level simulation work of evaluating cell identification delay need RAN1 to input the detailed physical layer design of synchronization signal and broadcast channel.

2.2. System level simulation work
With inputting the cell identification delay evaluated via link level simulation, the evaluation of mobility performance shall be perform via system level simulation. UE shall detect SS blocks and perform RRM (e.g. RSRP or RSRQ) measurements to derive the cell level quality for both serving cell and neighbour cells. In RAN1, SS block RSRP measurements were agreed to be used for L3 mobility. If a better neighbour cell was detected, UE should perform handover procedure timely in order to obtain a better serving quality by network. In RAN2, it was agreed that cell quality can be derived from N best beam quality. However, the way how to choose the best beams and the methodology for deriving the cell quality from multiple beams are still under discussion in RAN2.
Observation 4: In addition to the cell identification delay evaluated via link level simulation, the system level simulation work in RAN4 need RAN2 to input the details on cell quality derivation/measurement.
3. Conclusions

This contribution provides the discussion on the evaluation work of different SS burst set periodicity values provided by RAN1. The following observations are given: 
Observation 1: Both link level simulation work and system level simulation work are needed for evaluating the SS burst set periodicity values.
· Link level simulation of evaluating cell identification delay with different SS burst set periodicity values

· System level simulation of evaluating the impact of cell identification delay with different SS burst set periodicity values on mobility performance 
Observation 2: For reducing workload, RAN4 need to identify a typical scenario setup of link level simulation for evaluating cell identification delay with different SS burst set periodicity values.
Observation 3: In RAN4, the link level simulation work of evaluating cell identification delay need RAN1 to input the detailed physical layer design of synchronization signal and broadcast channel.

Observation 4: In addition to the cell identification delay evaluated via link level simulation, the system level simulation work in RAN4 need RAN2 to input the details on cell quality derivation/measurement.
According to the analysis in section 2, RAN4 need simulation works and more inputs from RAN1 and RAN2 in order to confirm the feasibility of supporting SS burst set periodicity values provided in [1].
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