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1 Introduction

In this paper, we discuss cell identification in NR regarding synchronization signal frequency raster, measurement gap and different numerology.
2 Discussion 
2.1 Background
RAN1 made agreement related synchronization in the last January NR-AH meeting as follows. 

	Agreements: # of NR cell IDs & # of NR-PSS sequence(s)

· Down-select the number of NR cell IDs in PSS and SSS from

· Alt 1: 504

· Alt 2: about 1000 to 2000
· Alt 3: 600

· Note that other information is not excluded from PSS/SSS
· Down-select from the following alternatives on the number of NR-PSS sequence(s):

· Alt 1: One

· Alt 2: Two

· Alt 3: Three
· Alt 4: Four

· Alt 5: Six
· Companies are encouraged to evaluate and down-select from the above alternatives in the next meeting.

Agreements: SS Sequence length
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design

· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals

· Alt.1: sequence length is about 255

· Alt.2: sequence length is about 127

· Alt.3: sequence length is about 63

· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence

· FFS on message-based synchronization signal design
Agreements: Subcarrier Spacing of SS

· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined

· Frequency range category #1 is evaluated for below 6 GHz

· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz

· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria

· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories

· Note that final set of frequency categories may include more than the above two categories

· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
Agreements: SS block

· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreement: SS burst set periodicity
· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
Agreements: SS burst set periodicity
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:

· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· Note that final set of frequency categories may include more than the above two categories

· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:

· UE IDLE mode and initial cell search power consumption and latency

· Including single/multi-beam operation at Tx and Rx

· NW power consumption

· Inter-RAT/Inter-frequency measurement 

· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments

· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs

· NW synchronization requirements/assumptions

Agreements: Transmission BW of SS

· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]

· The above frequency range categories may be further divided into different categories with different parameters

· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS

· FFS: UE bandwidth
Agreements: TDM of PSS and SSS

· At least for single beam scenario, time division multiplexing of PSS and SSS is supported.
Working assumption: 
· Time division multiplexing of PSS and SSS is supported for multiple beam scenario

Agreements: Time index/indices of SS block

· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

Agreements: Synchronization signal frequency raster
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  




2.2 Cell identification
· Synchronization signal frequency raster
Currently, based on the RAN1 agreement, the synchronous signal bandwidth has been considered for a given frequency band as follows.
· Sync bandwidth  < minimum system bandwidth 
· Sync bandwidth  = minimum system bandwidth 
When Sync bandwidth is smaller than the minimum system bandwidth, there is need to specify the synchronization signal frequency raster taking complexity of searching and searching time into account. The reason is that UE has to search candidate frequency location with synchronization signal frequency raster due to that synchronization signal is not fixed in frequency domain. To reduce the number of searching candidate frequency location, a larger synchronization signal frequency raster is benefit.     
When Sync bandwidth is equal to the minimum system bandwidth, RAN1 agreed that synchronization signal frequency raster is the same as the channel raster. For this case, UE also has to search candidate frequency location with synchronization signal frequency raster due to that synchronization signal is not fixed in frequency domain.

· Proposal 1: A possible larger synchronization signal raster should be considered to reduce complexity of cell searcher and cell identification time.
· Measurement Gap for inter-frequency/inter-RAT measurements
Synchronous signal bandwidth can be different in different frequency bands according to RAN1 agreement. When UE supports two different frequency bands in NR with single RF chain, the UE should retune its frequency to search neighbor cell and it requires measurement gap like LTE. Here, discriminating point from LTE is that subcarrier spacing between serving cell and neighbor cell can be different in NR. It means that duration of SS block/SS burst in SS burst set can be different depending on subcarrier spacing of synchronous signal for given frequency bands. 
And a default SS burst set periodicity has been discussed to be selected among [5ms, 10ms, 20ms, 40ms, 80ms, 100ms] depending on frequency categories in RAN1. It means the SS burst set periodicity can be also different between serving cell and neighbor cell or between neighbor cells. Considering these cases, a common measurement gap duration seems to be desirable to be set with maximum periodicity among different default SS burst set periodicities if UE supports inter-frequencies in NR.  However, it can raise problem of  inefficiency in aspect of scheduling serving cell. The reason is that UE has to stop scheduling of serving cell during the measurement gap duration even though total length occupied by SS bursts is a few potions compared to the common measurement gap duration. For example, when the measurement gap duration is 100ms and total SS burst length is 10ms, the UE is not scheduled during remained 90ms for serving cell. It is very inefficient. So, measurement gap for NR inter-frequency/inter-RAT measurement should be specified taking efficient scheduling of serving cell and various SS burst set periodicity into account.  
· Proposal 2: Measurement gap for NR inter-frequency/inter-RAT measurement should be specified taking efficient scheduling of serving cell and various SS burst set periodicity into account.
In addition to the efficient scheduling of serving cell, SS burst location can be considered to reduce total number of RF retuning. So far, RAN1 has been discussed on SS burst location such as distributed location, localized distribution. Based on the two candidates, it is needed to analyze for the efficient scheduling of serving cell and total number of RF retuning. For the analysis, Figure1 and Figure2 are introduced for example. Figure1 shows two options for distributed location of SS burst. Figure2 shows also two options for localized location of SS burst. 
· Option(a) is to have one measurement gap duration and one measurement period. 
· Option(b) is to have two different measurement gap duration and two different measurement periods. 
· MG1 duration and MG1 period can be used for cell identification and MG2 duration and MG2 period can be used for measurement of SS signal after knowing the information of SS burst location  as well as cell identification. 
For simple comparison, related parameters are assumed as following Table1.

Table1. Parameters for simple comparison
	
	Location type of SS burst

	
	Distributed
	Localized

	SS burst set period
	100ms
	100ms

	SS burst length
	2ms
	2ms

	# of SS burst in SS burst set
	5
	5

	SS transmission occasion periodicity
	40ms
	2ms

	Total SS burst length
	10ms
	10ms

	MG1 duration note1)
	100ms
	100ms

	MG1 period
	300ms
	300ms

	MG2 duration note1)
	SS burst length(2ms)
	Total SS burst length(10ms)

	MG2 period  
	SS transmission occasion periodicity(40ms)
	MG1 period(300ms)

	Note1 : RF retunning time is additionally considered to MG duration. 
Note2 : Based on the MG1 periodicity, Rate of applied MG1 and MG2 is assumed {1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1, 10:0} during window of 3 second
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Figure1. MG options for distributed location of SS burst
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Figure2. MG options for localized location of SS burst

Based on the table1, Figure1 and Figure2, the rate of scheduled serving cell and total number of RF retuning are summarized in Table2 and Table3 respectively.  Here, it is assumed that UE is always scheduled to transmit data during non-MG duration. 
Table2. Rate of scheduled serving cell 
	
	Location type of SS burst

	Rate of applied MG1 and MG2 for Option b)
	Distributed
	Localized

	
	Option a)
	Option b)
	Option a)
	Option b)

	1:9
	66.7%
	93.7%
	66.7%
	93.7%

	2:8
	
	90.7%
	
	90.7%

	3:7
	
	87.7%
	
	87.7%

	4:6
	
	84.7%
	
	84.7%

	5:5
	
	81.7%
	
	81.7%

	6:4
	
	78.7%
	
	78.7%

	7:3
	
	75.7%
	
	75.7%

	8:2
	
	72.7%
	
	72.7%

	9:1
	
	69.7%
	
	69.7%

	10:0
	
	66.7%
	
	66.7%

	Note 1: Option a) is always applied with only MG1. 


Table3. Total number of RF retuning during window of 3 seconds
	
	Location type of SS burst

	Rate of applied MG1 and MG2 for Option b)
	Distributed
	Localized

	
	Option a)
	Option b)
	Option a)
	Option b)

	1:9
	20
	92
	20
	20

	2:8
	
	84
	
	20

	3:7
	
	76
	
	20

	4:6
	
	68
	
	20

	5:5
	
	60
	
	20

	6:4
	
	52
	
	20

	7:3
	
	44
	
	20

	8:2
	
	36
	
	20

	9:1
	
	28
	
	20

	10:0
	
	20
	
	20

	Note 1: Option a) is always applied with only MG1.


From the Table 2 and Table 3, we can observe as follows.

· Observation 1: Option b) for measurement gap applies more scheduling serving cell to UE for both distributed location and localized location in aspect of SS burst location.
· Observation 2: Option b) for measurement gap does not increase the number of RF retuning for localized SS burst location.
Based on the observations, we suggest as follows.
· Proposal 3: Measurement gap for NR inter-frequency/inter-RAT measurement should be specified taking efficient scheduling of serving cell and efficient RF retunning into account.
3 Conclusion
In this paper, we provided analysis on synchronization signal frequency raster and measurement gap for NR inter-frequency/ inter-RAT measurement. Based the analysis, we propose as follows.

· Proposal 1: A possible larger synchronization signal raster should be considered to reduce complexity of cell searcher and cell identification time.
· Proposal 2: Measurement gap for NR inter-frequency/inter-RAT measurement should be specified taking efficient scheduling of serving cell and various SS burst set periodicity into account.
· Proposal 3: Measurement gap for NR inter-frequency/inter-RAT measurement should be specified taking efficient scheduling of serving cell and efficient RF retunning into account.
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