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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#83 meeting, the channel raster and synchronization raster/SCS have been discussed [1-9]. It is observed that there is a potential issue in the initial acquisition because the coarse sync signal raster cannot be supported for the bands with minimum channel bandwidth 5MHz. This is because sync signal block including PBCH occupies 4.32MHz and the sync signal raster must be as dense as channel raster to support all the channel raster positions. This implies that UE shall look for every channel raster in the initial cell search performed in out of coverage or PLMN scan. This is already done for LTE today, but for the NR more challenge is expected due to high number of bands and wide spectrum. Therefore, some companies proposed in last meeting acoarse sync raster with a raster more than the channel raster.
In this contribution, we discuss the way-forward how to resolve this issue.

2	Discussion
There were proposals in RAN4#83 to ask RAN1 to redesign SS block by narrowing the SS block bandwidth such that the sync signal raster can be defined coarser than the channel raster. Then, the initial cell search time can be reduced due to less number of possible sync signal positions.
The initial sync is rarely performed in the coverage, since UE receives network assistance and is expected to have information related to where to search for cell on NR carriers which significantly reduces the detection time and the need for initial blind search. The initial sync time has the most significance to reduce the battery drain especially in case of out of coverage, when the initial cell search could be repeated until UE goes back to the coverage area. Reduction of initial sync time is more and more important for the NR, since UE nowadays supports quite many bands and RATs (GSM/UMTS/LTE/NR). To do the search for every supported bands and RAT will consume time and processing power more than before.
However, the narrower SS block bandwidth will occupy more resource in time domain. This will most likely negatively impact the performance of system information acquisition in the idle and connected mode due to less frequency diversity and more time duration to receive PBCH. Additionally, even introducing the narrower SS-Block bandwidth will not remove the initial cell sync time unless restricting the use of 30KHz SCS for the SS-Block in 5MHz bandwidth case.
Observation 1: Redesign of SS block will negatively impact the performance of system information acquisition in idle and connected mode.
The performance in idle and connected mode shall not be sacrificed, either, even if the initial sync is also important. UE is supposed to be in coverage in most of its lifetime, so the good performance in coverage is quite important as well. Therefore, we propose keep the RAN1 assumption.
Proposal 1: RAN4 will assume 288 subcarriers for SS block bandwidth as is informed by RAN1. 

The main issue discussed in Hangzhou meeting was the minimum channel bandwidth of the NR, where RAN4 agreed 5MHz for the bands below 6GHz. The supported channel bandwidth is band specific and wider minimum channel bandwidth can be specified for each band. Thus, we propose not to automatically assume 5MHz minimum channel bandwidth for every band below 6GHz, i.e., it should be introduced to the bands with clear need of using 5MHz. This will reduce the burden of the UE to look for huge number of candidate channels for every possible bands below 6GHz.
Proposal 2: The bands supporting the minimum channel bandwidth 5MHz shall be minimized.

For the bands with minimum channel bandwidth 5MHz, the only option is to use 15kHz SCS for SS block. In this case, the coarse sync raster in not an option, either.
Proposal 3: The bands supporting the minimum channel bandwidth 5MHz shall use 15kHz SCS for SS block. No coarse sync raster will be supported.
Further mitigation to the initial sync issue could be considered as well for the case without the support of coarse sync raster. Even though 100kHz raster is defined for LTE, not all the raster positions are used today. So, it may be further considered to limit some channel positions, if never used.
Proposal 4: For the bands without support of coarse sync raster, RAN4 discuss if further limitations on channel raster is possible.

For the bands with minimum channel bandwidth 10MHz, the similar issue exists if 30kHz SCS for SS block is used. Thus, the coarse sync raster cannot be introduced; it is still possible to use it for 15kHz SCS.
Proposal 5: The bands supporting the minimum channel bandwidth 10MHz can use either 15kHz or 30kHz, which shall be selected per band basis. The coarse sync raster will be supported only for the bands with 15kHz sync SCS.
For the bands with minimum channel bandwidth 20MHz, no similar issue exists.
Proposal 6: The bands supporting the minimum channel bandwidth 20MHz can use either 15kHz or 30kHz, which shall be selected per band basis. The coarse sync raster will be supported.

The following table summarize the discussions above. The possible coarse raster for the sync signal is included in the table, which is derived in our earlier paper [1]. The actual number shall be also based on the decision on the channel raster, either 100kHz or 180kH. If 100kHz is selected, then the coarse raster will need to be rounded by 100kHz, it could be 4600kHz or 9300kHz

	
	SS block SCS
(PSS/SSS and PBCH)
	Coarse Sync raster
	Note

	The bands with Min CH BW 5MHz
	15 kHz
	Not supported
	

	The bands with Min CH BW 10MHz
	30 kHz
	Not supported
	

	
	15 kHz
	4680 kHz or less
	4600kHz or less for 100kHz channel raster

	The bands with Min CH BW 20MHz
	15 or 30 kHz
	9360 kHz or less
	9300kHz or less for 100kHz channel raster


Table 1. Summary of Sync SCS and coarse raster for sub 6GHz bands

3	Conclusion

Observation 1: Redesign of SS block will negatively impact the performance of system information acquisition in idle and connected mode.
Proposal 1: RAN4 will assume 288 subcarriers for SS block bandwidth as is informed by RAN1. 
Proposal 2: The bands supporting the minimum channel bandwidth 5MHz shall be minimized.
Proposal 3: The bands supporting the minimum channel bandwidth 5MHz shall use 15kHz SCS for SS block. No coarse sync raster will be supported.
Proposal 4: For the bands without support of coarse sync raster, RAN4 discuss if further limitations on channel raster is possible.
Proposal 5: The bands supporting the minimum channel bandwidth 10MHz can use either 15kHz or 30kHz, which shall be selected per band basis. The coarse sync raster will be supported only for the bands with 15kHz sync SCS.
Proposal 6: The bands supporting the minimum channel bandwidth 20MHz can use either 15kHz or 30kHz, which shall be selected per band basis. The coarse sync raster will be supported.
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