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1 Introduction
In this paper, we discuss NR cell detection time based on SS blocks in SS burst set periodicity and the current RAN1 agreement of synchronization signal.
2 Discussion 
2.1 Background
RAN1 made agreement related to synchronization signal in the last RAN1#88bis meeting as follows. 

	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:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· 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
· Prepare draft LS to RAN2/4 within Thursday – Asbjorn (Ericsson)/Juan (Qualcomm)
· The number of antenna ports of NR-SSS is 1  
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.

· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
· 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

Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

FFS: deactivated cell case (if defined)
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.

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.



And, Ran4 agreed the minimum supported carrier bandwidth in [2] as follows.
	· The set of supported NR bandwidths for each frequency band will be band specific.
· For frequency range up to 6 GHz, the minimum possible carrier bandwidth for NR is 5 MHz.
· For frequency range from 6 GHz to 52.6 GHz, the minimum possible carrier bandwidth for NR is 50 MHz.
· RAN4 will further determine mapping between frequency band and the set of support carrier bandwidth values in consideration with above.


2.2 Cell identification

NR cell searching time is different from LTE. There are some points to be considered such as synchronization signal frequency raster, the number of SS block in SS burst set, SS burst set periodicity and Rx beam capability in UE side as well. The reason is that NR cell identification time can be increased due to these things.. Details are as follows.
First thing is for synchronization signal frequency raster. Once NR UE switches power on, the UE has to search synchronization signal frequency with its raster. It may take more time depending on the size of searching frequency window as well as the size of the synchronization signal frequency raster. The synchronization signal frequency raster is expected to be defined with taking into account minimum channel bandwidth. In the last meeting, Ran4 agreed that 5MHz and 50MHz are the minimum possible channel bandwidth for up to 6GH and from 6GHz to 52.6 GHz respectively for NR and Ran1 agreed that subcarrier spacings for PSS/SSS for difference frequency  ranges such as 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz. Regarding the agreed 288 subcarriers of PBCH, SCS of 30kHz for below 6GHz does not meet the minimum channel bandwidth of 5MHz (288*30kHz = 8.64MHz)and SCS of 240kHz for above 6GHz does not meet the minimum channel bandwidth of 50MHz(288*240kHz = 69.12MHz).. If minimum channel bandwidth of 10MHz is defined for from 3GHz to 6GHz, SCS of 30kHz can meet the minimum channel bandwidth. Therefore the PSS/SSS SCS of 15kHz, 30kHz and 120kHz can be considered for below 3GHz, from 3GHz to 6GHz and above 6GHz respectively. 

Second thing is for SS blocks in SS burst set. Basically, in step of initial cell search, NR UE tries to detect the proper(right direction) SS block in SS burst set with only default SS burst set periodicity of 20ms according to Ran1 agreement. 
Before cell detection, UE does not know the configured value of set of SS burst set periodicity which can be configured of time-variant with one value among {5, 10, 20, 40, 80, 160}ms from eNB . If a configured set value is smaller than the default set periodicity, i.e., 5ms or 10ms, multiple SS blocks with same beam index can be used for SS block detection within the default set periodicity of 20ms. In contrast, if the configured set value is larger than the default set periodicity, i.e., 40ms, 80ms or 160ms, 2, 4, 8 times of default set periodicity are needed to search SS blocks in one SS burst set fully. So, it seems not to be desirable to define cell detection time with only default SS burst set periodicity.  

After cell detection, UE can know the configured value of set of SS burst set periodicity. Herein, the configured values can be different as per carrier frequency and UE can perform each measurement with informed value of SS burst set periodicity. When performing measurements, if serving cell and neighboring cell are configured with same carrier frequency, whether measurement gap is needed or not should be investigated. Becauset SS block beam direction for the serving cell and neighboring cell can be different each other [3]. It is additional point to be considered in RAN4.

Third thing is for UE beam capability in reception side. SS burst set consists of multiple SS blocks and each SS block corresponds to one beam among whole beams swept in gNB transmission side. In order of UE too detect proper SS block, UE must perform with multiple trial( i.e., the number of SS blocks in SS burst set times the number of Rx beam in UE side). It says that even though the number of SS blocks in SS burst set is same, the cell detection time can be different depending on the number of Rx beam in UE side. It is related to UE Rx beam capability. Therefore, it is also taken into account in NR cell detection time.
Besides above three things, the impact by measurement gap is needed to be considered for inter-frequency measurement and inter-RAT measurement. The measurement gap is applied for neighboring cell measurement in inter-frequency after serving cell detection in case of UE having single NR RF chain. In LTE, measurement gap duration is specified with 6ms, herein, 5ms corresponds to periodicity of synchronization signal and 0.5ms is for RF switching time. And assumed carrier frequency is  below 6GHz and SCS is 15kHz in LTE. If the principle of measurement gap  is reflected to NR, the periodicity of synchronization signal in LTE can be replaced with configured set value of SS burst set periodicity. And the RF switching time of 0.5ms can be reused for below 6GHz, but whether or not to reuse the 0.5ms needs to be investigated for above 6GHz. Herein, questionable point is how to define measurement gap duration in case of different configured set values of SS burst set periodicity for multiple neighboring cells. For instance, if three neighboring cells exist with different carrier frequencies and the values of SS burst set periodicity configured with 5m, 20m and 80ms respectively, defining multiple measurement gap with different measurement gap length and different measurement gap repetition period is not desirable. The reason is that serving cell scheduling is inefficient and management of measurement gap is severely complicated. So, common measurement gap length is desirable as LTE measurement gap even under   different set values are configured in NR. To cover all range of SS blocks with common measurement gap length (MGL), 3 candidates are considered as follows.
Herein, for easy understanding, L,S,D and R are assumed as below

L = longest set value of configured SS burst set periodicities,

S = smallest set value of configured SS burst set periodicities,

D = default value of SS burst set periodicity (20ms),

R = RF switching time .
· Option 1 (Figure 2.1)
· MGL = L + 2*R
· MGRP = N*L (N ≥2, integer but not too high value to avoid long cell detection time)

· Option 2 (Figure 2.2)
· MGL = D + 2*R
· MGRP 

· MGRP = L, for L > D
· MGL Offset is applied repeatedly to cover all range of SS blocks within SS burst set periodicity

· MGL Offset = D*{0,1,…,Q}, Q=MGRP/D-1

· MGRP = N*MGL(N ≥2, integer but not too high value to avoid long cell detection time), for L≤D
· Option 3
· MGL = S +2*R
· MGRP 

· MGRP = L, for L≠S
· MGL Offset is applied repeatedly to cover all range of SS blocks within SS burst set periodicity
· MGL Offset = S*{0,1,…,Q}, Q=MGRP/S-1

· MGRP = N*S(N ≥2, integer but not too high value to avoid long cell detection time), for L=S
Which is better in management of MG and efficiency aspects needs to be investigated. Option2 is better than option1 in aspect of serving cell scheduling opportunity but is not better in cell detection time. For example, from figure 2.1 and figure 2.2, serving cell scheduling opportunity during 160ms is 80ms for option1 but 120ms for option2.  And assuming 3 SS burst samples for cell detection with 90 probability, option1 needs totally 800ms (=1MGRP(for 5ms) + 1MGRP(for 20ms) + 3MGRP(for 80ms), MGRP=160ms) and option 2 needs totally 1200ms(=1MGRP(for 5ms)+2MGRP(for 20ms)+12MGRP(for 80ms), MGRP=80ms) to detect 3 different cells. Figure 2.1 and Figure 2.2 show option 1 and option 2 respectively. Dotted red circle represents detectable SS blocks in MGL in each figure.
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Figure2.1. MG option 1 for configured different SS burst set periodicity
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Figure2.2. MG option 2 for configured different SS burst set periodicity

In summary, cell detection time can be impacted by searching synchronization signal frequency raster, the number of SS blocks in SS burst set periodicity, SS burst set periodicity, UE Rx beam capability and how to design MG for NR. As a result, the followings are proposed to be investigated in NR cell detection discussion.
· Proposal 1: PSS/SSS SCS of 15kHz, 30kHz and 120kHz can be considered for below 3GHz, from 3GHz to 6GHz and above 6GHz respectively for addressing synchronization signal frequency raster.
· Proposal 2: Intra-frequency cell detection time should consider different UE Rx beam direction between serving cell and neighbouring cell.
· Proposal 3: Cell detection time should consider UE Rx beam capability, i.e., Rx beam resolution in addition to the number of SS blocks in SS burst set periodicity.
· Proposal 4: For inter-frequency/iner-RAT measurement, common measurement gap pattern for NR needs to be investigated taking into account serving cell scheduling opportunity, efficient management of measurement gap and cell detection time.
3 Conclusion
In this paper, we provided our view on cell detection time and the factors to impact the cell detection time such as searching synchronization signal frequency raster, the number of SS blocks in SS burst set periodicity, UE Rx beam capability and how to design MG for NR. Based on the views, we propose as follows.

· Proposal 1: PSS/SSS SCS of 15kHz, 30kHz and 120kHz can be considered for below 3GHz, from 3GHz to 6GHz and above 6GHz respectively for addressing synchronization signal frequency raster.
· Proposal 2: Intra-frequency cell detection time should consider different UE Rx beam direction between serving cell and neighbouring cell.
· Proposal 3: Cell detection time should consider UE Rx beam capability, i.e., Rx beam resolution in addition to the number of SS blocks in SS burst set periodicity.
· Proposal 4: For inter-frequency/iner-RAT measurement, common measurement gap pattern for NR needs to be investigated taking into account serving cell scheduling opportunity, efficient management of measurement gap and cell detection time.
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