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Introduction
In RAN4#84 the LS on NR minimum carrier bandwidth and SS block numerology in [1] was agreed and sent to RAN1, which indicates the issue identified in the RAN4 regarding the different requests from operator on combination of SSB SCS and minimum channel bandwidth and asks RAN1 find solution to solve this issue.  
In RAN4 NR AH#3 there was extensive discussion regarding this issue. However, no conclusion was achieved in either group. Hence in this contribution we share further analysis for this area based on our contribution submitted in [2]. 
It should be noted that this contribution focus on the multiple SSB numerologies request from operator and the discussion on sync entries complexity due to channel/sync raster are provided in companion paper [7].
Requests collected in Nagoya
Operators’ demand information
Generally, supported SCS(s) (numerologies) of SS block can transmitted can be divided into two cases:
Case1: Default SCS(s) of SS Block: SCS value(s) UE can be assumed for initial access, decided by per band specific basis and captured into specs
· For Sub 6 GHz, candidate values can be 15kHz or/and 30kHz
· For Above 24 GHz ,candidate values can be 120kHz or/and 240kHz
Case 2: SCSs used for SS block for NSA carrier access with network assistance indication, following RAN1 agreements for NW adaptation and indication of SCS used for SS block for NSA carrier access 
· Idle and connected UE need to support all the candidate SCS values with the assistance of information for NSA carriers.
· UE also need to support NSA carrier without SS block transmission by intra-band noncontiguous CA operation. 
As summarized in [3] the latest operators’ demands of default SCS(s) for SS Block are shown in tables below with updates according to the agreed NR number in [4] for FR1 and FR2 respectively. In these tables only bands with duplexer mode of “TDD” or “FDD” are captured here. Since the initial cell access would never happen for SDL or SUL band. 
Table 1: Minimum channel bandwidth and SSB SCS request in FR1
	Band number
	Minimum Channel bandwidth
	SS block sub-carrier spacing
(Default) 

	n1
	5 MHz
	15 kHz

	n2
	
	

	n3
	5 MHz
	15 kHz

	n5
	5MHz,10MHz
	[15kHz,30kHz]

	n7
	5 MHz
	15 kHz

	n8
	5 MHz
	15 kHz

	n20
	5 MHz
	15 kHz

	n28
	5 MHz
	15 kHz

	n38
	
	

	n41
	10MHz
	[15kHz, 30 kHz]

	n50
	
	

	n51
	
	

	n66
	5 MHz , 10MHz
	[15 kHz, 30kHz]

	n70
	5 MHz
	15 kHz

	n71
	5 MHz
	15 kHz

	n74
	5 MHz
	15 kHz

	n77
	10 MHz
	[15 kHz/30kHz]

	n78
	10 MHz
	[15 kHz/30kHz]

	n79
	[40 MHz]
	[30 kHz]



Table 2: Minimum channel bandwidth and SSB SCS request in FR2
	Band number
	Minimum Channel bandwidth
	SS block sub-carrier spacing
(Default) 

	n257
	50 MHz,100 MHz
	120 kHz, 240kHz

	n258
	50 MHz,100 MHz
	120 kHz, 240kHz

	n259
	50 MHz,100 MHz
	120 kHz, 240kHz

	n260
	50 MHz,100 MHz
	120 kHz, 240kHz


Furthermore, if we compare the NR bands agreed in latest WID [5] and the agreed superset of band specific bandwidth [6], the superset of channel bandwidth for some of the bands (such as NR band n2, n5, n38, n50, n51) proposed in later stage are still not clarified among RAN4. 
Observation 1: operators’ input on NR band n2, n5, n38, n50 and n51 is expected for default SCSs, superset of channel bandwidth.
Since the band specific default SCS and BS/UE channel bandwidth is anticipated to be defined explicitly in spec, it is proposed that the when new NR band is introduced the interested proponents should capture corresponding information to be confirmed in RAN4. 
Proposal 1: proponents on particular frequency ranges/bands need to collect the information on system parameter including default SSB SCS and superset of channel bandwidth.
Demand on Multiple default SCSs for SS block 
In the table1 and table2 the bands highlighted by gray are those which operators have multiple requests on SSB SCS and/or combination of minimum channel bandwidth plus SSB SCS as:
· NR band n5, n66 (different operators have different spectrum holding and deployment plan)
· Some operators prefer using 15kHz SCS to align with LTE system for refarming with sharing similar coverage and starting with 5MHz CHBW; meanwhile some other operators want to deploy 30kHz SCS of SS with 10MHz as minimum CHBW allow such operation. Considering 30 kHz SS block has shorter time duration which may be beneficial to allow TDM operation for LTE-NR co-existence deployment as explained in [8].
· FR2 NR band n257, n258, n259, n260: multiple requests on minimum channel bandwidth plus default SSB SCS
· NR band n41:multiple requests on default SSB SCS based on the same band specific minimum channel bandwidth 
· Even for band 41, with 10MHz CHBW, both 15 kHz and 30 KHz can be supported; different operators have deployment demand and different initial deployment plan.
· Note: this scenario is not captured in LS [1]
· NR band n77, n78: introducing multiple SCSs based on different CHBWs may be helpful to reduce number of SS entries (detailed analyzed refer to [7]).
In contribution [2][3] the scenarios and/or reason why multiple default SCSs for SSB would exist are well summarized and clearly explained. Definitely the feasibility for different deployment plans among operators, regions and potential geography areas should be allowed considering different spectrum holding condition and use cases. Furthermore, the forward compatibility should be guaranteed as well considering the potential update of the spectrum holding condition and interesting of deployment.
Observation 2: definition on band specific default SSB SCS(s) should also guarantee 
· the feasibility for different deployment plan due to operator specific spectrum holding condition and use cases
· forward compatibility on the possible update on spectrum condition 
Solutions to resolve the problem
Since the necessity to enable the possibility of multiple default SSB SCS are well summarized and understood among the groups, the next step task is we should work together to figure out the solution to resolve this issue. There are several candidate solutions on the table as below.   
· Solution 1: PBCH redesign with smaller RE#
· Solution 2: Allow multiple default SCS only in initial access
· Solution 3: Allow multiple default SCS in initial access only for specific band(s) according to operators’ request 
Agree on any of them would impact and reopen the previous agreement achieved in RAN1 as reiterated in [2]. And we agree that each one of the solution has its own problem and there is no perfect solution. What we can do it to make a trade-off among operator deployment feasibility, NW and UE implementation complexity and impact on Rel-15 NR WI completion. Based on this principle we further analyze the above solutions as below. 
Solution 1 would bring in uncontrollable work load for both RAN1 and RAN4 to further re-evaluate the PBCH and SSB related performance, which may delay the progress on NR WI. This requires many works in RAN1 including dropping existing PBCH content, PBCH performance degradation (which will impact whole system performance). Also PBCH symbol length will be extended (current 2 symbols, reduced BW may require 5 symbols), then which will impact beam switching and system performance. Once extending PBCH length, then UL co-existence between LTE and NR cannot be deployed [8]. Meanwhile even revising PBCH design in RAN1, for band n5 and band n66, with 5MHz, 30 kHz SCS SS block still cannot be deployed. Multiple SS numerologies still required for NR band n5, n66, n41, n77 and n78. 
	Multiple default SCSs request
	Revising PBCH design (12 RBs)

	Band n5, n66
	As current agreed SU for 5MHz (30kHz) is 11 RB, even revising PBCH as 12 RB, with 5MHz CHBW still cannot support 30kHz.
Meanwhile revising PBCH required to extend PBCH symbols (from 2 to 4 or 5 symbols), then even with 30kHz SCS, operator cannot apply TDM operation for UL co-existence.
Conclusion: Not solve problems, even make more worse

	Band n41, n77, n78
	Not solved, situations still pending on operators initial deployment plan difference



In last RAN4 meeting for sync complexity due to PBCH size is the other argument to reopen the agreement on PBCH, companion contribution [6] provides further analysis on this. As the key problem is not only PBCH bandwidth but also too fine channel raster, to solve the problem with minimized specification impact, a sparer channel raster could be simpler way to go.
Solution 2 obviously has impact on UE initial access, which will require blind detection for UE. This is only change one RAN1 agreement which may not reflect in any RAN1 spec as well. We recognize that there may impact on initial cell search time, power consumption and complexity. However, it should not say the impact is simply cumulative on search time according to sync entries number and SSB SCSs, which would be different for different UE implementation approach. Secondly, there is no impact on UE in IDLE and connection mode. Furthermore, there is no UE requirement on UE initial access in RAN4 RRM spec. Hence the spec impact of this approach is manageable. At same time this solution allows the maximum feasibility and flexibility of operator deployment.
As mentioned above, pending on UE implementation on initial cell search procedure, search time is not always linear extended according to number of SS entries and assumption of number of candidate SCS(s) i.e. UE may apply power scanning method to speed up initial cell search time. Meanwhile, if we take a look at the sync entries # comparison in tables below for NR band n5, n66 and FR2 bands, it seems sync entries number would not be problem for UE initial cell search. For band n77 and n78 it would be another story which would be further analyzed in [7].
Table 3: NR bands in FR1.
	Band number
	DL
	Minimum channel BW(MHz)/default SCS(s)(KHz)
	Channel raster
	Sync raster
	Roughly Sync entries# in NR
	Sync entries # in LTE

	n5
	869 – 894MHz
	10/30
5/15
	100kHz
	100kHz
	200
	236

	n66
	2110 – 2200 MHz
	5/15
10/30
	100KHz
	100KHz
	850
	886

	   n41
	2496 – 2690 MHz
	10/30
10/15
	100KHz
	100kHz
	1840
	1840



Table4: NR bands in FR2.
	Band number
	DL
	Minimum channel BW(MHz)/default SCS(KHz)
	Channel raster
	Sync raster
	Sync entries#

	n257
	26.5 –29.5 GHz
	50/120
100/240
	60KHz
	11.58MHz
	255

	n258
	24.25 – 27.5 GHz
	50/120
100/240
	60KHz
	11.58MHz
	276

	n259
	31.8 – 33.4 GHz
	50/120
100/240
	60KHz
	11.58MHz
	134

	n260
	37–40 GHz
	50/120
100/240
	60KHz
	11.58MHz
	255



Solution 3 is somehow the compromised and/or optimized solution of solution 2 to only enable blind detection according operators’ request. This solution is believed as the best trade-off considering all three aspects mentioned above. 
Based on above comparison among three options, we still recommend RAN4 to take solution3. And our proposals are: 
Proposal 2: 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.
· Default SCS(s) for sub 6GHz
· For LTE re-farming band except band 5, band 66 and band 41, fixed default SCS as 15kHz
· For band 5 and band 66, 15 kHz and 30 kHz as default SSB SCSs
· For band 41,15kHz and 30kHz as default SSB SCSs
· New frequency ranges above 3GHz, n77,n78 FFS?, n79 30kHz as default SSB SCS
· Default SCS(s) for above 24GHz
· Both 120kHz and 240kHz as default SSB SCSs
Conclusion
In this contribution, we further analyze on the minimum channel bandwidth and multiple SSB numerologies issue. And conclude with following observations and proposals. 
Observation 1: operators’ input on NR band n2, n5, n38, n50 and n51 is expected for default SCS, superset of channel bandwidth.
Observation 2: definition on band specific default SSB SCS should also guarantee 
· the feasibility for different deployment plan due to operator specific spectrum holding condition and use cases
· forward compatibility on the possible update on spectrum condition 
Proposal 1: proponents on particular frequency ranges/bands need to collect the information on system parameter including default SSB SCS and superset of channel bandwidth.   
Proposal 2: 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.
· Default SCS(s) for sub 6GHz
· For LTE refarming band except band 5, band 66 and band 41, fixed default SCS as 15kHz
· For band 5 and band 66, 15 kHz and 30 kHz as default SSB SCSs
· For band 41,15kHz and 30kHz as default SSB SCSs
· New frequency ranges above 3GHz, n77,n78 FFS?, n79 30kHz as default SSB SCS
· Default SCS(s) for above 24GHz
· Both 120kHz and 240kHz as default SSB SCSs
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