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Introduction
Unlike LTE, detection of a cell in NR requires measurements of multiple beams of the cell. To enable the measurement of different beams, a pattern of SS burst set, SS burst, and SS block was agreed in RAN1. Within an SS burst set, different SS blocks corresponds to different Tx beams, hence, the quality of a beam can be obtained from measurements of reference signals in the corresponding SS block. Regarding the measurement details, RAN1 has the following agreements [1-4]: 
	Reference signals for mobility measurement
Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS
Design details of NR-SSS 
Agreements:
· Number of SSS signals: 1000 post-scrambling
· 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
· SS burst set periodicity default value for initial cell selection: 20/20 msec
Note that RAN1 assumes that RAN4 will investigate requirements   
SS burst set composition
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
Note that above agreements are updated agreements
SS burst set periodicity
Agreements:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI
· Send a LS to RAN4 asking confirmation for 5 ~ 80ms, and ask confirmation for support of 160 ms
· List potential issues that companies raised concerns on 160ms into LS.
· Prepared draft LS to RAN4 within Wednesday in R1-1706576 – Daewon (Intel) 


Regarding cell quality derivation, RAN2 has the following agreements [5-7]:
	Agreements
Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1.
FFS (a) Details of filtering to be applied
FFS (b) How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS (c) Whether the agreement applies to both additional RS and idle RS
FFS (d) Whether to only consider beams above a threshold (‘good’ beams)
Agreements
1    The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.
2    The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:
a-    L1 filtering of beam measurements 
FFS Whether there is any additional specified filtering of the beam measurements
b-    Derivation of cell quality from one or more gNB beam quality
c-    L3 filter (RRC configured) of cell quality 
d-    Evaluation reporting criteria (RRC configured) 
Agreements
1    Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS



Based on the above agreements, this contribution discusses how the cell detection delay is impacted by factors like SS burst set periodicity, SS burst set composition, and method to derive cell quality, etc., when NR-SSS is used for mobility measurement.          
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Figure 2.1 An example of SS burst set composition and periodicity.
Figure 2.1 gives an example of SS burst set composition and periodicity. In this figure, each SS burst set consists of a finite number of SS bursts, and each SS burst is composed of a finite number of SS blocks. Different SS blocks in the same SS burst set are transmitted using different Tx beams, and SS blocks of the same color in different SS burst sets correspond to the same Tx beam. When an IDLE mode UE uses NR-SSS to detect a cell, it first measures the beam quality of each SS block (SS-block-RSRP in RAN1) in an SS burst set, then it selects N best beams to derive the cell quality, with N and the method to derive the cell quality TBD in RAN2. The time to detect a cell then mainly depends on: a. the number of SS burst sets used for deriving the cell quality; b. the number of best beams selected for deriving the cell quality; c. SS burst set periodicity. We provide a detailed analysis of the impact of the above factors on the cell detection delay in the following subsections.        
Number of required SS burst sets
The derived cell quality should meet some measurement accuracy requirement, and to achieve this target, the UE may need to measure SS blocks in several SS burst sets. The exact number of required SS burst sets would be determined based on simulations. 
Proposal 1: RAN4 should conduct simulations to evaluate how many SS burst sets are required to meet the measurement accuracy requirement.   
Number of best beams 
The number of selected best beams N in deriving the cell quality could also have an impact on the measurement accuracy. A larger number brings more samples for averaging, hence could results in less required SS burst sets and shorter cell detection delay. However, a larger number would also complicate L1/L3 filtering in the derivation. Therefore, the decision of the number of best beams involves some balance between the cell detection delay and implementation complexity. Moreover, according to RAN1’s agreements, the maximum number of SS blocks in an SS burst set is frequency range dependent, with a smaller number for low frequencies and a larger number for high frequencies. As a result, the number N may also be frequency range dependent.    
Observation 1: The number of best beams in deriving the cell quality may be frequency range dependent, and RAN4 should take this into account when evaluating the cell detection delay.    
SS burst set periodicity
In RAN1, the set of SS burst set periodicities is {5, 10, 20, 40, 80, 160} ms, and RAN1 sent an LS asking RAN4 to check whether there are potential issues to support the values in the given set. 
Suppose the number of SS burst sets required to detect a cell is determined, then the cell detection delay would be proportional to the periodicity. To determine whether the periodicity value is acceptable is equivalent to determine whether the corresponding cell detection delay is acceptable. A final conclusion on this issue should be based on system level simulations. 
Proposal 2: RAN4 should conduct system level simulations to evaluate whether the given SS burst set periodicities in RAN1 are acceptable.  
Conclusions
In this contribution, we analyzed the cell detection delay issue in NR. It is seen that the cell detection delay mainly depends on the number of required SS burst sets for measurement, the number of best beams for deriving the cell quality, and the SS burst set periodicity. However, when the DMRS of PBCH or CSI-RS are employed for mobility measurement, the cell detection delay would be further discussed and evaluated. Based on the analysis, the following observations and proposals were made:
Observation 1: The number of best beams in deriving the cell quality may be frequency range dependent, and RAN4 should take this into account when evaluating the cell detection delay.    
Proposal 1: RAN4 should conduct simulations to evaluate how many SS burst sets are required to meet the measurement accuracy requirement. 
Proposal 2: RAN4 should conduct system level simulations to evaluate whether the given SS burst set periodicities in RAN1 are acceptable.    
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