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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 channle raster of NR-U with the additional consideration of wideband  (>20MHz) operation and with consideration of [5].
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.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.

· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
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 the rest discussion, we will focus on the SSB raster for SA mode. 
There are several factors to consider for the SSB and channel raster for NR-U SA operation mode:

1. Subcarrier alignment for the SSB raster and channel raster which allow the single FFT operation; 
2. Wide band operation with bandwidth larger than 20MHz.
3. Reuse the NR design for reducing the implementation and spec complexity.

4. Optimize the UE cell search performance with limited SSB raster considering the LBT failure

5. Co-existing with LTE LAA and wifi

6. Carrier aggregation operation

7. Other RAN1 ongoing discussion related to SSB raster design

8. Regulation aspect

The principle of the Channel raster design should be reused from NR so the implementation and specification effort would be minimized. This also imply the SSB raster and channel raster will be subcarrier aligned.

Proposal-1: reuse the NR channel raster design concept. 
NR-U co-existing with LTE LAA and Wifi is valid scenario to consider for 5GHz band, this imply that the center of the 20MHz NR-U channel need to be aligned with the LTE LAA and Wifi to maximize adjacent channel interference protection from WiFi to NR-U. Additionally, this will reduce the LBT blocking chances for the overlapping carrier case. 

Proposal-2: NR-U channel raster needs to be aligned with LTE LAA and wifi to maximize adjacent channel interference protection and minimize LBT blocking possibility.

In the 5 and 6 GHz bands for NR-U,  the granularity of the the global frequency raster for will be ΔFGlobal =15kHz as the table 5.4.2.1-1 shows which is different with LTE LAA, it is not possible to reuse the LAA channel raster design directly. The NR-U channel raster should be selected from NR channel raster so that the Wifi and LAA channels can be aligned as closely as possible.

Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165


One of possible selection is listed in Table 1. The corresponding Nref is also listed in below table. This table is generated by rounding the WiFi channel center frequency to the nearest NREF value on the NR global channel frequency raster for the case of 15 kHz and the nearest even NREF value on the NR global channel frequency raster for the case of 30 kHz. The advantage of this approach, is that the channels are always spaced by an integer number of subcarriers, benefiting single FFT implementations.
As can be seen, the NR-U channel center frequencies are always within ±5 kHz of the WiFi channel center frequencies for the case of 15 kHz and within ±10 kHz for the case of 30 kHz SCS.
Table 1: Nref for NR-U channel raster for 20MHz channel (SCS=15kHz and SCS=30kHz)
	WIFI channel center frequency
	Fn on raster (SCS=15kHz)
	Nref (SCS=15kHz)
	Fn on raster (SCS=30kHz)
	Nref (SCS=30kHz)

	5160
	5160.0000
	744000
	5160.0000
	744000

	5180
	5179.9950
	745333
	5180.0100
	745334

	5200
	5200.0050
	746667
	5199.9900
	746666

	5220
	5220.0000
	748000
	5220.0000
	748000

	5240
	5239.9950
	749333
	5240.0100
	749334

	5260
	5260.0050
	750667
	5259.9900
	750666

	5280
	5280.0000
	752000
	5280.0000
	752000

	5300
	5299.9950
	753333
	5300.0100
	753334

	5320
	5320.0050
	754667
	5319.9900
	754666

	5340
	5340.0000
	756000
	5340.0000
	756000

	5480
	5479.9950
	765333
	5480.0100
	765334

	5500
	5500.0050
	766667
	5499.9900
	766666

	5520
	5520.0000
	768000
	5520.0000
	768000

	5540
	5539.9950
	769333
	5540.0100
	769334

	5560
	5560.0050
	770667
	5559.9900
	770666

	5580
	5580.0000
	772000
	5580.0000
	772000

	5600
	5599.9950
	773333
	5600.0100
	773334

	5620
	5620.0050
	774667
	5619.9900
	774666

	5640
	5640.0000
	776000
	5640.0000
	776000

	5660
	5659.9950
	777333
	5660.0100
	777334

	5680
	5680.0050
	778667
	5679.9900
	778666

	5700
	5700.0000
	780000
	5700.0000
	780000

	5720
	5719.9950
	781333
	5720.0100
	781334

	5745
	5745.0000
	783000
	5745.0000
	783000

	5765
	5764.9950
	784333
	5765.0100
	784334

	5785
	5785.0050
	785667
	5784.9900
	785666

	5805
	5805.0000
	787000
	5805.0000
	787000

	5825
	5824.9950
	788333
	5825.0100
	788334

	5845
	5845.0050
	789667
	5844.9900
	789666

	5865
	5865.0000
	791000
	5865.0000
	791000

	5885
	5884.9950
	792333
	5885.0100
	792334

	5905
	5905.0050
	793667
	5904.9900
	793666


Proposal-3: Use the channel raster and corresponding Nref in Table 1 for the NR-U channel raster for 20MHz for 5GHz band.
In [6], it is states 

· Define 20MHz, 40 MHz, 80 MHz, 100MHz CBW for band n46. 

So 40MHz, 80MHz and 100MHz need to be considered for channel raster design,

In annex, it listed the wifi channel operating the BW 40MHz, 80MHz in 5GHz band with below locations:

40MHz channel:
34 (Fc: 5170MHz); 38 (Fc: 5190MHz); 46 (Fc: 5230MHz); 54 (Fc: 5270MHz); 62(Fc: 5310 MHz); 102 (Fc: 5510MHz); 110 (Fc: 5550MHz);118(Fc: 5590MHz); 126 (Fc: 5630MHz); 134 (Fc: 5670MHz); 142 (Fc: 5710MHz); 151 (Fc: 5755MHz); 159 (Fc: 5795MHz);
And 80MHz channel:
42 (Fc: 5210MHz); 58 (Fc: 5290MHz);106 (Fc: 5530MHz); 122 (Fc: 5610MHz); 138 (Fc: 5690MHz); 155 (Fc: 5775MHz);

However, there is some frequency points not specified for wifi, 40MHz (Fc: 5835MHz, Fc:5875Mhz) and one 80MHz (Fc: 5855MHz), these are also considered in the NR-U specification.
Table 2 and Table 3 list the proposed NR-U channel raster with the same principle as used above to align with wifi as closely as possible.
Table 2: Nref for NR-U channel raster for 40MHz channel (SCS=15kHz and SCS=30kHz)
	WIFI channel center frequency
	Fn on raster (SCS=15kHz)
	Nref (SCS=15kHz)
	Fn on raster (SCS=30kHz)
	Nref (SCS=30kHz)

	5170
	5170.0050
	744667
	5169.9900
	744666

	5190
	5190.0000
	746000
	5190.0000
	746000

	5230
	5230.0050
	748667
	5229.9900
	748666

	5270
	5269.9950
	751333
	5270.0100
	751334

	5310
	5310.0000
	754000
	5310.0000
	754000

	5510
	5509.9950
	767333
	5510.0100
	767334

	5550
	5550.0000
	770000
	5550.0000
	770000

	5590
	5590.0050
	772667
	5589.9900
	772666

	5630
	5629.9950
	775333
	5630.0100
	775334

	5670
	5670.0000
	778000
	5670.0000
	778000

	5710
	5710.0050
	780667
	5709.9900
	780666

	5755
	5755.0050
	783667
	5754.9900
	783666

	5795
	5794.9950
	786333
	5795.0100
	786334

	58351
	5835.0000
	789000
	5835.0000
	789000

	58751
	5875.0050
	791667
	5874.9900
	791666

	Note 1: This is not wifi channel


Table 3: Nref for NR-U channel raster for 80MHz channel (SCS=30kHz)
	WIFI channel center frequency
	Fn on raster 
	Nref 

	5210
	5210.0100
	747334

	5290
	5289.9900
	752666

	5530
	5529.9900
	768666

	5610
	5610.0000
	774000

	5690
	5690.0100
	779334

	5775
	5775.0000
	785000

	58551
	5855.0100
	790334

	Note 1: This is not wifi channel


Proposal-4: Use the channel raster and corresponding Nref in Table 2 and Table 3 for the NR-U channel raster for BW of 40MHz and 80MHz for 5GHz band.
The proposed change for n46 channel raster in BS spec:
	NR Operating band
	ΔFRaster
(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n46

(Note 1)
	15
	743333 – <1> – 795000
	743333 – <1> – 795000

	
	30
	743334– <2> – 795000
	743334– <2> – 795000

	Note 1:


	For 15kHz ΔFRaster, the following NREF are allowed for operation in Band n46 assuming 20MHz channel bandwidth:
{ 744000, 745333, 746667, 748000, 749333, 750667, 752000, 753333, 754667, 756000, 765333, 766667, 768000, 769333,  774667, 772000, 773333, 774667, 776000, 777333, 778667, 780000, 781333, 783000, 784333, 785667, 787000, 788333, 789667,791000, 792333,793667}.
For 15kHz ΔFRaster, the following NREF are allowed for operation in Band n46 assuming 40MHz channel bandwidth:
{ 744667, 746000, 748667, 751333, 754000, 767333, 770000, 772667, , 775333, , 778000, 780667, 783667, 786333, 789000,791667 }.
For 30kHz ΔFRaster, the following NREF are allowed for operation in Band n46 assuming 20MHz channel bandwidth:
{ 744000,745334,746666, 748000,749334, 750666,752000, 753334, 754666, 756000, 765334, 766666, 768000, 769334,770666, 772000, 773334, 774666,776000, 777334, 778666, 780000, 781334, 783000, 784334, 785666, 787000, 788334, 789666, 791000, 792334, 793666}
For 30kHz ΔFRaster, the following NREF are allowed for operation in Band n46 assuming 40MHz channel bandwidth:
{ 744666, 746000, 748666, 751334,754000, 767334,770000, 772666, 775334, 778000, 780666, 783666, 786334, 789000,791666}
For 30kHz ΔFRaster, the following NREF are allowed for operation in Band n46 assuming 80MHz channel bandwidth:
{ 747334, 752666, 768666, 774000, 779334, 785000, 790334}



3 Conclusions

In this contribution, we have provided our view on channel raster design issue for 5GHz unlicensed band with below observation and proposal:
Proposal-1: reuse the NR channel raster design concept. 
Proposal-2: NR-U channel raster needs to be aligned with LTE LAA and wifi to maximize adjacent channel interference protection and minimize LBT blocking possibility.

Proposal-3: Use the channel raster and corresponding Nref in Table 1 for the NR-U channel raster for 20MHz for 5GHz band.
Proposal-4: Use the channel raster and corresponding Nref in Table 2 and Table 3 for the NR-U channel raster for BW of 40MHz and 80MHz for 5GHz band.
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5 Annex
Wifi channel number is listed below as in [8].
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