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1 Introduction
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018  [1]. At the same time, a new WI has been approved on NR-U in 5 and 6 GHz [2] which involves RAN4. According to the WID, the RF and RRM core work will start from RAN4#90 (February 2019) and RAN4#90bis (April 2019), respectively. The core part of the WI is scheduled to be completed by RAN4#93 (November 2019). 
In this paper, we present our view on the channel raster of NR-U and present some observations.
2 Discussion
RAN1 agreement

Agreement: 

· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.

· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block

· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 

Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)

· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 

· each block spans contiguous (one or) multiple successful LBT sub-bands

· each gap spans one or multiple contiguous unsuccessful LBT sub-bands

· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur

· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)

· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands

· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure

· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

The SCS for SSB is 30kHz by default and there is a wideband operation in DL which is more than 20MHz. In the LS to RAN4 [2], the 80MHz wideband channel is discussed.

Channel and SSB Raster
In LTE, when the UE first time enters to an operator coverage area, the initial cell search for the synchronization signal (SS) is carried out based on PSS/SSS, the SS signal is located at center of the carrier, so to find SS signal, UE needs to search all the possible location of the LTE carrier which is based on 100kHz channel raster design. To improve the initial cell search performance, NR has decoupled the rasters related to SS signal search and channel raster design with introducing SSB raster on top of the channel raster. In NR, the SSB raster is designed on a sparser raster than channel raster. Once UE finds the SSB, it will read the system information to get the relative frequency position within a carrier so the NR carrier position will be derived. 
In addition to license-assisted mode, there is a standalone (SA) mode also specified in NR-U WI objective, it means the UE need to search on SSB at unlicensed spectrum in the SA mode.

In NR, the SSB raster is defined as shown below according to TS 38.104:

Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,

N=1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz 
N= 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	22256 + N
	22256 – 26639

	NOTE:
The default value for operating bands with SCS spaced channel raster is M=3.


So for 5GHz and 6GHz bands, the granularity of the SSB raster is 1.44 MHz, as seen from the second row of the above table. In an companion paper [3], we propose the NR-U channel bandwidth 20MHz for 5GHz band (n46), same as LAA in LTE Rel-13. Since there are regulatory requirements in 5GHz band for 20MHz channels, the resulting NR-U ARFCNs related to the 20MHz carriers will be down-selected NR ARFCNs in 5GHz. Please see the details in [3]. 

Because of the 1.44MHz SSB raster for 5GHz and 6GHz band, each 20 MHz channel will have 13 or14 SSB positions as shown in Figure 1. The SSB frequency point within the 5GHz band is (5925 -5150)/1.44 = 538.2 which means UE need to search 538 SSB points in worst case while the total NR-U channel numbers proposed in [3] is 32 X 5= 160.  If SSB raster would be inherited from the NR then the UE will take more time to search on SSB frequency points. The initial cell search time will further be impacted due to unavailable SSBs which are not even transmitted by the BS due to LBT failures in the BS. This in turn may also increase the UE power consumption during initial cell search on NR-U bands especially when load is high, which leads to higher rate of LBT failures in the BS. Therefore RAN4 needs further investigation whether the SSB raster granularity in NR-U bands need to be revisited. 


[image: image1.emf]5150MHz

5160MHz 5180MHz 5200MHz

SSB raster 

5151.36MHz

f

20MHz

20MHz

20MHz


Figure 1: SSB raster within a 20MHz NR-U channel

Based on the above discussions, we observe the following:

Observation#1: The number of SSB frequency points for initial cell search for 5GHz band will be 538, while the NR-U channel number could be much less (in [3], 160 channel is proposed), this will increase the initial cell search time for the UE, in trun increasing the UE power consumption, and not obtaining the benefit of NR design of separate raster for SSB and channel raster.

So, our proposal is as follows:

Proposal#1: RAN4 to investigate whether the existing SSB raster granularity for frequency range (3000 – 24250 MHz) is suitable for NR-U standalone operation or this needs to be revisited.
3 Conclusions

In this contribution, we have provided our initial understanding on SSB raster design issue for 5GHz unlicensed band. We observe the following:
Observation#1: The number of SSB frequency points for initial cell search for 5GHz band will be 538, while the NR-U channel number could be much less (in [3], 160 channel is proposed), this will increase the initial cell search time for the UE, in trun increasing the UE power consumption, and not obtaining the benefit of NR design of separate raster for SSB and channel raster.

Based on the above understanding, we propose the following:

Proposal#1: RAN4 to investigate whether the existing SSB raster granularity for frequency range (3000 – 24250 MHz) is suitable for NR-U standalone operation or this needs to be revisited.
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