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1. Introduction
In previous meeting, there was an intensive discussion on channel raster for NR-U band n46. It was proposed that channel raster should be defined covering coexistence and non-coexistence scenarios with wifi, LAA. Furthermore, the CA scenario should also be included in the channel raster design for NR-U band n46 [1]. In this contribution, we continue the discuss on the down selection scheme based on the non-coexistence and coexistence scenarios with wifi, LAA.
2. Discussion
2.1. Channel raster for NR-U band n46
In last meeting, two different scenarios were proposed for NR-U band n46 [1]:
Scenario A: non-coexisting with wifi, LAA
Scenario B: coexisting with wifi, LAA

For Scenario A, there is no need to consider how to co-channel with wifi and LAA, therefore the channel allocation can be very flexible. Down selection Nref is based on R15 NR channel raster of 15kHz granularity without co-channel requirements with wifi and LAA. The analysis of Scenario A was covered in [2]. We captured the solution for Scenario A as follows:
Table 1 Channel raster entries for NR-U band n46 (cited from [2])

	NR Operating Band
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	Uplink 
Range of NREF 
(First – <Step size> – Last) 
	Downlink 
Range of NREF 
(First – <Step size> – Last) 

	n46

(NOTE)
	15
	744000 - <1> - 794333
	744000 - <1> - 794333


In our understanding, NR channel raster mechanism is reused for NR-U band n46 for Scenario A.
For Scenario B, it is necessary to consider the co-channel with wifi and LAA. Down selection Nref is based on 15kHz global frequency raster and Nref with its corresponding RF reference frequency should be as close as wifi nominal centre frequency. In last meeting, many companies provided their solutions for this Scenario in [3] [4][5] [6]. We captured the solution for Scenario B as follows:
Table 2 NR-ARFCN for NR-U in Band n46(cited from [6])
	NR Operating Band
	ΔFRaster 

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n46
	15
	744000 – <667, 667, 666> – 756000

765334 – <666, 667, 667> – 782000

783000 – <667, 667, 666> – 794334
782000, 788667
	744000 – <667, 667, 666> – 756000

765334 – <666, 667, 667> – 782000

783000 – <667, 667, 666> – 794334
782000, 788667


In our understanding, in order to make sure Nref with its reference frequency as close as wifi nominal centre frequency, channel raster for NR-U band n46 should be restricted.
Based on our discussions for Scenario A and B, the mechanisms of channel raster design are different for these two scenarios. If these different mechanisms of channel raster design are followed, two set of channel rasters should be defined for scenario A and B. Actually RAN4 should avoid defining two sets of channel rasters for NR-U for following reasons:
· Defining two set of channel rasters means two different channel allocations for NR-U band n46

· Both BS and UE would face the selection of which channel raster should be used.
· The impact on sync raster: sync raster should also be reconsidered for these two different scenarios.
· Introduce complexity for UE and BS implementation.
Some other issues related to defining two different set of channel rasters need further study. In our understanding, RAN4 only needs to define only one set of channel raster covering Scenario A and B for NR-U band n46
Proposal 1: Only one set of channel raster needs to be defined for NR-U covering both scenario coexisting with wifi, LAA and scenario non-coexisting with wifi, LAA.
From our perspective, we only need to define channel raster for Scenario coexisting with wifi and LAA, which can also work for non-coexisting scenario.
Proposal 2: RAN4 can define channel raster based on coexisting scenario, which can also work for non-coexisting scenario.
2.2. CA Scenario
Before the discussion on channel raster for CA scenario, we need to clarify the CA scenario for NR-U. When we refer to CA scenario for NR-U, we actually mean intra-band contiguous CA. There are some points RAN4 needs to clarify before the discussion for CA scenario:
i. What channel bandwidth for single carrier should be introduced for NR-U CA scenario?
ii. How many CCs should be supported at most for NR-U CA scenario?

For the first point, NR-U supports 10/20/40/80MHz channel bandwidth for single CC, and 60/100MHz channel bandwidth for FFS. So does NR-U CA scenario allow these following cases?
· 10M+10M, 10M+20M, 10M+40M, 10M+80M, 
· 20M+20M, 20M+40M, 20M+80M
· 40M+40M, 40M+80M

· 80M+80M

From our perspective, NR-U does not need such flexibility for CA. RAN4 needs to restrict the channel bandwidth combinations for NR-U CA. In LAA, only 20MHz channel bandwidth for single carrier is introduced for CA. However, in NR-U, different channel bandwidths of 20/40/80MHz are supported for single CC. If CCs of different channel bandwidths are aggregated for NR-U CA (e.g.20M+40M, 20M+80M, 20M+40M+80M), channel raster design for these cases can be very complex. For simplifying NR-U CA scenarios, it is preferred that only CCs with the same channel bandwidth can be aggregated. Only channel bandwidth combinations of 20M+20M, 40M+40M, 80M+80M for NR-U CA scenario are allowed. 
For point ii, our discussion is based on the assumption of CCs of the same channel bandwidth in NR-U CA. The set of valid operating channel numbers is defined by regulatory domain in Annex E of reference [7] and illustrated in Figure 1 [8]. From Figure 1, 160MHz channel bandwidth for 5GHz spectrum are supported which means 8CCs are supported in CA at most for NR-U. If followed by LTE LAA, at least 4CCs should be supported for NR-U CA. It is suggested that the aggregated CC numbers should restricted to 4 for NR-U CA.
Proposal 3: RAN4 should clarify the CA scenario for NR-U:
i.
What channel bandwidth for single carrier should be introduced for NR-U CA scenario?

ii.
How many CCs should be supported at most for NR-U CA scenario?
Proposal 4: It is suggested that only CCs of the same channel bandwidth can be aggregated for CA and at most 4CCs are supported for NR-U CA scenario.
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Figure1. Valid channel sets for 5GHz spectrum by regulatory administration (cited from [8])
NR-U supports 15/30/60kHz for single CC. If using a single FFT for all component carriers, the channel spacing should comply with 60kHz. 
For 20M BW

Considering approximately 20MHz channel granularity for 20MHz CHBW and complying with 60kHz SCS, the channel granularity should be 19.98MHz or 20.04MHz.
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Figure 2 Channel spacing for intra-band contiguous carrier aggregation
In Figure 2, we illustrated channel spacing for intra-band contiguous CA for four cases. Case 1 is the channel distribution in 802.11 and used as the reference for other cases. Case 2 and 3 presents the NR-U CA cases with 4CCs each with 20MHz CHBW with one channel spacing of 19.98MHz or 20.04MHz. Case 4 shows the case with channel spacing 19.98MHz and 20.04MHz alternatively. We can conclude from Figure 2 that Case 4 matches with 802.11 channel allocation and Case 2 and Case 3 mismatch with 802.11 channel allocation, which will introduce more cross channel interference between Wifi and NR-U adjacent channels as more carriers are aggregated. Thus we propose channel raster should be 19.98MHz and 20.04MHz alternatively.
· For 20MHz CHBW, the raster points should be integer of 60kHz in order to keep CCs orthogonal. Channel raster should be 19.98MHz and 20.04MHz alternatively.
· For 40MHz CHBW, considering approximately 40MHz channel granularity and complying with 60kHz SCS, the channel granularity should be 39.96 MHz or 40.02MHz.
· For 80MHz CHBW, considering approximately 80MHz channel granularity and complying with 60kHz SCS, the channel granularity should be 79.98 MHz or 80.04MHz.
Proposal 5: For 20MHz CHBW, channel raster should be 19.98MHz and 20.04MHz alternatively; For 40MHz CHBW, channel raster should be 39.96 MHz or 40.02MHz alternatively; For 80MHz CHBW, channel raster should be 79.98 MHz or 80.04MHz alternatively. NR-U channel numbers for n46 are calculated as Table 3, 4, 5.
Table 3:NR-U Channel numbers for 20MHz channel
	WIFI channel center frequency
	NR-U Channel Frequencies
	NR-U Channel numbers
	WIFI channel center frequency
	NR-U Channel Frequencies
	NR-U Channel numbers

	5160
	5160.00
	744000
	5480
	5480.01
	765334

	5180
	5180.04
	745336
	5500
	5500.05
	766670

	5200
	5200.02
	746668
	5520
	5520.03
	768002

	5220
	5220.00
	748000
	5540
	5540.01
	769334

	5240
	5240.04
	749336
	5560
	5560.05
	770670

	5260
	5260.02
	750668
	5580
	5580.03
	772002

	5280
	5280.00
	752000
	5600
	5600.01
	773334

	5300
	5300.04
	753336
	5620
	5620.05
	774670

	5320
	5320.02
	754668
	5640
	5640.03
	776002

	5340
	5340.00
	756000
	5660
	5660.01
	777334

	
	
	
	5680
	5680.05
	778670

	
	
	
	5700
	5700.03
	780002

	
	
	
	5720
	5720.01
	781334

	
	
	
	5745
	5745.00
	783000

	
	
	
	5765
	5765.04
	784336

	
	
	
	5785
	5785.02
	785668

	
	
	
	5805
	5805.00
	787000

	
	
	
	5825
	5825.04
	788336

	
	
	
	5845
	5845.02
	789668

	
	
	
	5865
	5865.00
	791000

	
	
	
	5885
	5885.04
	792336

	
	
	
	5905
	5905.02
	793668


Table 4:NR-U Channel numbers for 40 MHz channel
	WIFI channel center frequency
	NR-U Channel Frequencies
	NR-U Channel numbers

	5170
	5170.005
	744667

	5190
	5190.00
	746000

	5230
	5230.02
	748668

	5270
	5270.04
	751336

	5310
	5310.00
	754000

	5510
	5510.04
	767336

	5550
	5550.00
	770000

	5590
	5590.02
	772668

	5630
	5630.04
	775336

	5670
	5670.00
	778000

	5710
	5710.02
	780668

	5755
	5755.005
	783667

	5795
	5795.025
	786335

	58351
	5835.045
	789003

	58751
	5875.005
	791667


Table 5:NR-U Channel numbers for 80 MHz channel
	WIFI channel center frequency
	NR-U Channel Frequencies
	NR-U Channel numbers

	5210
	5210.01
	747334

	5290
	5289.99
	752666

	5530
	5529.99
	768666

	5610
	5609.97
	773998

	5690
	5690.01
	779334

	5775
	5775.00
	785000

	58551
	5855.01
	790334

	Note 1: This is not wifi channel


3. Conclusion
This contribution discusses channel raster for NR-U band n46 considering coexisting and non-coexisting scenarios with wifi, LAA. Also, we analysis the NR-U CA cases. The following proposals are made:
Proposal 1: Only one set of channel raster needs to be defined for NR-U covering both scenario coexisting with wifi, LAA and scenario non-coexisting with wifi, LAA.
Proposal 2: RAN4 can define channel raster based on coexisting scenario, which can also work for non-coexisting scenario.
Proposal 3: RAN4 should clarify the CA scenario for NR-U:

i.
What channel bandwidth for single carrier should be introduced for NR-U CA scenario?

ii.
How many CCs should be supported at most for NR-U CA scenario?
Proposal 4: It is suggested that only CCs of the same channel bandwidth can be aggregated for CA and at most 4CCs are supported for NR-U CA scenario.
Proposal 5: For 20MHz CHBW, channel raster should be 19.98MHz and 20.04MHz alternatively; For 40MHz CHBW, channel raster should be 39.96 MHz or 40.02MHz alternatively; For 80MHz CHBW, channel raster should be 79.98 MHz or 80.04MHz alternatively. NR-U channel numbers for n46 are calculated as Table 3, 4, 4.
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Case 1: 802.11, total BW=80MHz








Case 2: NR-U, total BW=79.94MHz
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Case 3: NR-U proposal, total BW=80.12MHz
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Case 4: NR-U proposal, total BW=80.00MHz
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