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Introduction
The supported SCS values of SS block in each band are still undecided in RAN4, initial demand from operators are captured as below:
	Sub 6 NR Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing 

	1
	5 MHz
	15 kHz 

	3
	5 MHz
	15 kHz

	5
	10MHz / 5MHz
	[30 kHz/15kHz]

	7
	5 MHz
	15 kHz

	8
	5 MHz
	15 kHz

	20
	5 MHz
	15 kHz

	28
	5 MHz
	15 kHz

	41
	10MHz
	30 kHz

	66
	5 MHz / 10MHz
	[15 kHz/30kHz]

	70
	5 MHz
	15 kHz

	71
	5 MHz
	15 kHz

	1.427-1.518 GHz
	5 MHz
	15 kHz

	3.3 – 3.8 GHz
	10 MHz
	[15 kHz/30kHz]

	3.3 - 4.2 GHz
	10 MHz
	[15 kHz/30kHz]

	4.4 - 4.99 GHz
	[40 MHz]
	30 kHz



	mmWave Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing 

	24.25 - 27.5 GHz
	50 MHz/100 MHz
	120 kHz /240kHz

	26.5 – 29.5GHz
	50 MHz/100 MHz
	120 kHz /240kHz

	31.8 – 33.4 GHz
	50 MHz/100 MHz
	120 kHz /240kHz

	37 – 40 GHz
	50 MHz/100 MHz
	120 kHz/240kHz


Based on offline/online discussions, in some certain bands i.e. Band 66, 3.5GHz band and mmWave bands, operators have different views on the preferred default SCS values. However, RAN1 previous agreements were conflicted with operators demand:
	Agreements in RAN1#87:
•    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.


Then, a LS [5] was agreed in RAN4 to ask RAN1 further check the feasibility of revising previous RAN1 agreements.
	RAN1 is asked to find a solution how to support the following cases:
1) Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15 kHz, respectively. An operator plans to operate with 10MHz bandwidth 30 kHz SCS in order to deploy NR/LTE DL co-existence within the same band.
2) For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120 kHz, respectively. An operator, who has at least 100MHz contiguous spectrum, plans to operate with 240 kHz SS SCS within the same band.
3) RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.


In this contribution, further analysis and possible solutions are provided for this issue.
Discussion
Mini CHBW for SS and PBCH
For SCS of SS/PBCH, such agreements reached in RAN1#88bis:
	RAN1 agreements for PBCH and SCS for SS in RAN1#88bis:
· 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
· PSS/SSS sequence length: 127 sub carriers (12PRB)
· PBCH BW: 288 subcarriers (24PRB)


Based on above SS/PBCH design in RAN4, the occupied BWs are summarized in below table:
	SCS of SS/PBCH
	SS BW
	PBCH BW

	15kHz
	2.16 MHz
	4.32 MHz

	30kHz
	4.32 MHz
	8.64 MHz

	120kHz
	17.28MHz
	34.56 MHz

	240KHz
	34.56MHz
	69.12 MHz



In RAN1#89, a LS was sent to RAN4 as such agreements reached in RAN1
	Further RAN1 agreements for mini CHBW and SS SCS (LS R1-1709842/R4-1707016):
RAN1 would like to inform RAN4 that because of the inability of the 50MHz minimum carrier bandwidth to support SS Blocks with 240kHz SCS, RAN1 agreed that a minimum carrier bandwidth value of 100MHz should be supported in addition to 50MHz in order to accommodate SS Blocks with 240kHz SCS for bands, where appropriate in the frequency range from 24 GHz to 52.6 GHz.
RAN1 would also like to inform RAN4 that because of the inability of the 5MHz minimum carrier bandwidth to support SS Blocks with 30kHz SCS, RAN1 agreed that a minimum carrier bandwidth value of 10MHz should be supported in addition to 5MHz in order to accommodate SS Blocks with 30kHz SCS for bands, where appropriate in the frequency range below 6 GHz.


Following RAN1 agreements, such interpretation can be observed:
RAN1 has already acknowledged the inability of supporting 30 kHz SS with 5MHz CHBW and 240 kHz with 50MHz CHBW with existing SS/PBCH BW design. 
RAN1 has not revisit the PBCH design, on the contrary RAN1 ask RAN4 to consider the restriction of 30kHz SS and 240kHz SS applicable for bands:
· 30kHz SS applicable for bands below 6GHz which minimum CHBW larger than or equal to 10MHz
· 240kHz SS applicable for bands under mmWave range which minimum CHBW larger than or equal to 100MHz 
Observation 1: Both RAN1 and RAN4 has already acknowledged the inability of supporting 30 kHz SS with 5MHz CHBW and 240 kHz with 50MHz CHBW with existing SS/PBCH BW design. 
Candidate SCS values for SS/PBCH
Generally, similar as CHBW sets, SCS of SS/PBCH should be per band basis based on operators’ request. With above restriction, following agreed CHBW sets for each band in [1] as below:
· CHBW sets for LTE refarming band
[image: ]
· CHBW sets for sub 6GHz new frequency range
[image: ]
· CHBW sets for above 24GHz CHBW
[image: ]
Observation 2: If only one default SCS value of SS block can be applied for one band, then
· Minimum CHBW for LTE refarming bands except band 41 is 5MHz, only 15kHz SCS of SS can be applied
· For band 41 can be started with 10MHz as operator further feedback, 30kHz SCS of SS can be applied for band 41
· For NR new band below 6GHz (3.5GHz and 4.5GHz), minimum CHBW is 10MHz, 30kHz SCS of SS can be applied
· For mm Wave Bands, minimum CHBW is 50MHz, only 120kHz of SS can be applied
It’s beneficial for BS/UE implementation if we can fix one SCS value of SS as per band basis and this also avoid UE blind detection for SCS of SS block. Meanwhile, this approach may have some restriction for network deployment and system performance optimization. Considering for one certain bands, different operators in the same/different regions may have different deployment plan and different situations for spectrum holding reality.
As shown in below figure, in LTE refarming band X, operator A may have contiguous spectrum larger than or equal to 10MHz. On the other hand, in the same band, operator B may have spectrum with minimum 5MHz sub-block. Meanwhile on another region, operator C may have contiguous spectrum larger than or equal to 20 MHz. Then following the restriction of only one SCS value of SS for each band, then only option is fixed SCS of SS as 15 kHz. However, for operator B and C, they may want to deploy 30kHz SCS of SS as minimum CHBW allow such operation. Considering 30 kHz SS block has more short time duration which may have beneficial to allow TDM operation for LTE-NR co-existence deployment as explained in [3].


Another example for mmWave, Band Y, considering FCC spectrum allocation reality, 50MHz was the minimum spectrum block. Then in North America, operator D get contiguous spectrum with 200MHz sub-block, meanwhile operator E and F have spectrum with 50MHz minimum sub-block. On the other region, operator G have 400MHz contiguous spectrum under same band. Then same situation, for operator E and F, only 120 kHz SS block can be deployed. Meanwhile on the same band, operator D and G may want to deploy 240kHz SS block since 240 kHz is more robust against phase noise which is critical in mm Wave range considering for cell detection lack of phase noise tracking and compensation procedure and 240 kHz SS block have small time duration which has beneficial to transmit more SS blocks with different beams in the same time duration.


If we determine SCS of SS per band basis with one fixed value, there may have some potential risks for forward compatibility if in later release operators get larger contiguous spectrum i.e. operator E and F in above figure.
Observation 3: Determining SCS of SS per band basis with one fixed default value have impact on NW deployment flexibility considering different operators may have different spectrum holding reality and different deployment plan in the same band.
Possible solutions
Based on online/offline discussion, possibly there are two alternative to resolve this issue:
· Alt1: Design SS block to occupy 12RBs instead of 24RBs (Allow only one default SCS value for each band)
· Alt2: Allow multiple default SCS values for SS block
As summarized in below table, we analyze above alternations from several aspects.
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _GoBack]
	Alt1: Design SS block to occupy 12RBs instead of 24RBs
	Alt2 :Allow multiple default SCS values for SS block

	RAN1 impact
	This require a major re-design of RAN1 specifications including redesign of synchronization signals, further reconsideration on the default SS burst set periodicity, SS burst set mapping, and PBCH payload and RE mapping etc.
System performance impact also needs to evaluate in RAN1.
	Minor changes in RAN1 specs 

	RAN4 impact
	Need to fixed one default values for all the bands in RAN1 specs
Big impact on RAN4 RRM, re-evaluation for needed including cell detection, PBCH detection, SS based on RRM measurement 
	Need to include multiple default SCS values in RAN4 specs for certain bands based on operators’ request.
May have impact on cell detection performance since BD detection required for initial cell search.
No performance test in RAN4 for initial cell search.

	UE implementation complexity
	No blind detection required
	Blind detection required for initial cell search which have impact on initial cell search time, power consumption and complexity. 
It’s feasible for UE supporting BD detection and it’s manageable to minimize the impact considering below detailed solutions i.e. fixed one unique default value as per operator basis.

	NW deployment flexibility
	Both 15kHz/30kHz can be supported for 5MHz CHBW
Both 120/240kHz can be supported for50MHz CHBW
Still have restriction on NW deployment flexibility since only one default values need to be selected. However different operators may have different deployment plan and spectrum holding reality. 
	Allow NW deployment flexibility

	Issue resolved or not
	Not fully resolve the essential issue, still restrict operators ‘deployment flexibility since only one default value allowed.
This exclude the possibility of different operators still have different preference for default SCS values i.e. in current 3.5GHz bands, even 30kHz can be supported, still have different demands from operators. 
	Resolved



Considering above situations and analysis, one comprised proposal will be:
P1: Determining SCS of SS per band basis, in general per band with one unique default SCS value meanwhile allow some exception bands can have multiple default SCS values based on operators’ request.
· Based on information from last meeting, band 5, band 66, 3.3~3.8GHz ,3.3 ~4.2 GHz band and mm Wave bands have different request from operators, further down-scope the exception bands can be considered.
P2: If multiple default SCS values introduced for one band, then further options can be considered:
· Option A: For certain bands with multiple default SCS values, each operator has one unique default SCS value. Still allow different operators have different default SCS values, meanwhile minimize the probability of occurrence for BD detection. 
· Option B: Allow operators have multiple default SCS values. Full flexibility in NW side, BD detection of SCS values for such bands always required for initial cell search.
Following above proposal 1 and 2, we can minimize the impact for BS/UE implementations meanwhile allow network deployment flexibility. 
Conclusion
In this contribution, we provide analysis on SCS for SS/PBCH channel.
Observation 1: Both RAN1 and RAN4 has already acknowledged the inability of supporting 30 kHz SS with 5MHz CHBW and 240 kHz with 50MHz CHBW with existing SS/PBCH BW design. 
Observation 2: If only one SCS value of SS block can be applied for one band, then
· Minimum CHBW for LTE refarming bands except is 5MHz, only 15kHz SCS of SS can be applied
· Minimum CHBW for band 41 with 10MHz as operator, 30kHz SCS of SS can be applied for band 41
· For NR new band below 6GHz (3.5GHz and 4.5GHz), minimum CHBW is 10MHz, 30kHz SCS of SS can be applied
· For mm Wave Bands, minimum CHBW is 50MHz, only 120kHz of SS can be applied
Observation 3: Determining SCS of SS per band basis with one fixed default value have impact on NW deployment flexibility considering different operators may have different spectrum holding reality and different deployment plan in the same band.
P1: Determining SCS of SS per band basis, in general per band with one unique default SCS value meanwhile allow some exception bands can have multiple default SCS values based on operators’ request.
· Based on information from last meeting, band 5, band 66, 3.3~3.8GHz ,3.3 ~4.2 GHz band and mm Wave bands have different request from operators, further down-scope the exception bands can be considered.
P2: If multiple default SCS values introduced for one band, then further options can be considered:
· Option A: For certain bands with multiple default SCS values, each operator has one unique default SCS value. Still allow different operators have different default SCS values, meanwhile minimize the probability of occurrence for BD detection. 
· Option B: Allow operators have multiple default SCS values. Full flexibility in NW side, BD detection of SCS values for such bands always required for initial cell search.
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