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1. Introduction

In this contribution, we provide views on the subcarrier spacing of SS block and minimum channel bandwidth of a band. For the analysis, we assume the channel raster agreed in [1].

2. Discussion
At the last meeting, it was intensively discussed whether multiple default SCSs for SS block in a band is allowed or not [2-3], but unfortunately there was no conclusion. The issue is caused by the fact that the optimal SCS of SS block is different for different deployment scenario. For some LTE refarming bands, for example, 15kHz SCS would be optimal to have the same coverage as LTE, but 30kHz SCS is needed to deploy LTE-NR coexistence into the network. Another example is that only 120kHz SCS is acceptable for some operators who have only 50MHz spectrum for mmW, but considering the beam sweeping period of SS blocks, 120kHz SCS would not be optimal and 240kHz SCS is better for other operators who have larger spectrum than 50MHz. To address those issues, support of multiple default SCSs for SS block in a band was proposed in [2], but there was no conclusion. Furthermore, re-design of SS block was also proposed in order to reduce the number of SS raster entries [3], but there was also no conclusion yet.
Since different operator may have different deployment scenario, in our view, it would be better to allow multiple default SCSs of SS block for some bands if such SCSs are really required for the operations. However, since multiple default SCSs would cause higher battery consumption and waste long time for initial cell acquisition, RAN4 needs to focus on how to reduce the number of SS raster entries for the bands in which multiple default SCSs are required.
Observation 1. It would be better to allow multiple default SCSs of SS block for some bands if such SCSs are really required for the operations, since different operator may have different deployment scenario.
Observation 2. RAN4 need to focus on how to reduce the number of SS raster entries to enable faster initial cell acquisition and reduce buttery consumption at the UE side.
In order to reduce the number of SS entries, floating sync concept was discussed in the past RAN4 meetings. The analysis of floating sync concept is provided in our companion contribution [4]. Based on [4], for the bands with SS based (channel) raster the distance of SS raster entries and its position can be calculated as follows.

	Proposal 1. For the bands with SCS based raster, the distance between sync raster entries, Dss, is as follows.

· Dss = TBC - BWSS +RCH, where TBC is effective minimum carrier bandwidth; BWSS is SS bandwidth; RCH is channel raster
Proposal 2. For the bands with SCS based raster, the i-th SS raster entry, SS(i), is as follows (i = 0,1,2,…).

· SS(i) = FDL_low + Lower GB + TBC - BWSS + (BWss_scs/2)+ i * Dss , where FDL_low is the lowest frequency of the band; Lower GB is lower guard band of the channel allocated at the lowest frequency of the band; BWss_scs is subcarrier size of SS block; the maximum number of the index i, imax, is chosen such that all possible channels can have at least one SS raster entry, i.e. SS(imax) <= FDL_high – Higher GB – TBC + (BWss_scs/2)
· Note that above equation assumes that the centre of subcarrier #0 of SS block includes SS raster entry.
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Figure 2. Example of SS raster assuming SCS based channel raster (SS SCS = 15kHz, min CBW = 10MHz)


Based on above equations, roughly speaking the following two approaches can be considered to reduce the number of SS raster entries:

· Alt.1. Increase minimum effective channel bandwidth (TBC)

· Alt.2. Reduce the bandwidth of SS block (BWSS) as proposed in [4]

The below Tables 1 and 2 provide the number of SS raster entries for bands n77 and n78 as an example. In those tables, we assumed 15MHz and 20MHz as the minimum channel bandwidth (min CBW) in addition to the current agreement (10MHz). We also assumed 12RBs as the bandwidth of SS block (SSB BW) in addition to the current agreement (24RB) just for information.
Table 1. Number of SS raster entries for band n77 (3.3-4.2GHz)

	SSB BW
	24RB
	12RB (just for information)

	SS SCS
	15kHz
	30kHz
	15kHz
	30kHz

	Min CBW [MHz]
	10
	15
	20
	10
	15
	20
	10
	15
	20
	10
	15
	20

	SS raster [MHz]
	5.055
	9.915
	14.775
	0.735
	5.595
	10.455
	7.215
	12.075
	16.935
	5.055
	9.915
	14.775

	# of SS entries
	176
	89
	59
	1222
	159
	84
	123
	73
	52
	176
	89
	59


Table 2. Number of SS raster entries for band n78 (3.3-.3.8GHz)

	SSB BW
	24RB
	12RB (just for information)

	SS SCS
	15kHz
	30kHz
	15kHz
	30kHz

	Min CBW [MHz]
	10
	15
	20
	10
	15
	20
	10
	15
	20
	10
	15
	20

	SS raster [MHz]
	5.055
	9.915
	14.775
	0.735
	5.595
	10.455
	7.215
	12.075
	16.935
	5.055
	9.915
	14.775

	# of SS entries
	97
	49
	32
	678
	88
	46
	68
	40
	28
	97
	49
	32


From those tables, we observe the followings.

Observation 3.

· If the current agreements for min CBW = 10MHz and SSB BW = 24RB are kept, the number of SS raster entries is significantly increased especially for the SS SCS = 30kHz cases.

· If the min CBW is larger than 10MHz (e.g. 15MHz or 20MHz), the number of SS raster entries is significantly reduced especially for the SS SCS = 30kHz cases (e.g. from 1222 to 159) 
· If the SSB BW is narrower than 24RBs (e.g. 12RBs), the number of SS raster entries is also significantly reduced especially for the SS SCS = 30kHz cases (e.g. 1222 to 176), but increasing min CBW is more effective than narrowing SSB BW.

From above analysis, increasing min CBW is very effective to reduce the entries. If min CBW becomes 20 MHz for n78, for example, the total number of SS raster entries is 78 (= 32 + 46) even if multiple default SCSs are allowed, whereas the total number is 775 (= 97+678) if min CBW is still 10MHz. However, if an operator has narrower channel bandwidth in a band, increasing min CBW may have critical impact on the deployment. In such case, min CBW cannot be increased and consequently the number of SS raster entries would be significantly increased due to allowing multiple default SCSs. To address this case, one potential solution is multiple default SCSs are allowed only for a part of the band as shown in Fig. 1. The allowed range can be specified according to the operator’s demands, and that range can be added in the feature release. However, the drawback of this approach is that if a new range for multiple SS SCSs are added in Rel.16 and later, the legacy NR UE in Rel.15 cannot be recognize such additional range. Hence, we need to be careful if such kind of release dedicated range/features.
Observation 4. If min CBW cannot be increased, one potential solution to reduce SS raster entries is that multiple default SCSs are allowed only for a part of the band such as Fig.1.
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Figure 1. Restriction of multiple default SCSs in a band

When assuming the bands n77 and n78, almost operators would have the larger channel bandwidth than the current min CBW, i.e. 10MHz, hence we believe that at least for the bands n77 and n78, the wider min CBW can be considered. If min CBW becomes 20MHz, some CBW, e.g. 30MHz, cannot be operated. However, the total number of channel bandwidth set is reduced, so such channel bandwidth can be directly added into the channel bandwidth set instead of removing some small bandwidth, e.g. 10MHz and 15MHz.
Proposal 1. At least for the bands n77 and n78, minimum channel bandwidth should be as large as possible, e.g. 15MHz or 20MHz, to reduce the number of SS raster entries especially for SS SCS = 30kHz.

3. Conclusion

Based on the above, we observe and propose the followings.
Observation 1. It would be better to allow multiple default SCSs of SS block for some bands if such SCSs are really required for the operations, since different operator may have different deployment scenario.

Observation 2. RAN4 need to focus on how to reduce the number of SS raster entries to enable faster initial cell acquisition and reduce buttery consumption at the UE side.

Observation 3.

· If the current agreements for min CBW = 10MHz and SSB BW = 24RB are kept, the number of SS raster entries is significantly increased especially for the SS SCS = 30kHz cases.

· If the min CBW is larger than 10MHz (e.g. 15MHz or 20MHz), the number of SS raster entries is significantly reduced especially for the SS SCS = 30kHz cases (e.g. from 1222 to 159) 

· If the SSB BW is narrower than 24RBs (e.g. 12RBs), the number of SS raster entries is also significantly reduced especially for the SS SCS = 30kHz cases (e.g. 1222 to 176), but increasing min CBW is more effective than narrowing SSB BW.

Observation 4. If min CBW cannot be increased, one potential solution to reduce SS raster entries is that multiple default SCSs are allowed only for a part of the band such as Fig.1.
Proposal 1. At least for the bands n77 and n78, minimum channel bandwidth should be as large as possible, e.g. 15MHz or 20MHz, to reduce the number of SS raster entries especially for SS SCS = 30kHz.
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