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Background
In RAN4#92, there was WF [1] where general down selection principles were agreed. However, the major decision is that down selection is based on 15 kHz granularity and no further principles were not discussed. In this paper, we share our view on the down selection principles based on the properties channel raster entries need to be met to improve network and UE performance.
Discussion
Non-coexisting scenario
The WF says
· Down selection Nref is based on R15 NR channel raster of 15 kHz granularity (Table 5.4.2.1-1 in 38.104 for frequency range 3000 – 24250 MHz)
· Further confirmation on possibility of the guarantee of scenario of non-coexistence with WiFi
· Further confirmation with RAN1 with common understanding on WID scope of considering non-coexisting scenario with WiFi

We don’t have a strong view on the current agreement now. However, RAN1 specification, i.e., TS 38.213, allows only limited number of SSB CORESET0 offsets, i.e., 4-bit in pdcch-ConfigSIB1, and even all 16 indices might not be usable because some of indices are reserved. If RAN4 tries to introduce more than 16 offset values, it would huge impact on RAN1 specification. Considering there are three meeting left before close NR-U WI, it is proposed to check with RAN1.

Observation #1: RAN1 specification, i.e., TS 38.213, allows only limited number of SSB CORESET0 offsets, i.e., 4-bit in pdcch-ConfigSIB1, and some of indices are reserved. 
Proposal #1: It is proposed to check with RAN1 for advice or suggestion about the SSB CORSET0 offsets and RAN1 specification impact.

Coexisting scenario
In WF, general down selection principles were agreed for applicable single carrier channel bandwidths. However, the principles are quite general. In this paper, we discuss other aspects need to be considered for NR-U channel raster down selection.
· Implementation complexity and coexistence performance perspective
In case of CA operation, PRB grid alignment plays an important role in terms of implementation complexity and coexistence perspective along with a wideband carrier operation. For example, let’s consider the scenario that gNB1 is serving CA by 2 x 20 MHz and gNB2 is serving one wideband carrier by 1 x 40 MHz. The illustration of the scenario is in figure 1.



Figure 1. Illustration of PRB grid alignment and mis-alignment between 2CC CA and a single wideband carrier

For gNB1 where CA is being serviced by 2 x 20 MHz and let’s assume the PRB grid of 1st CC and 2nd CC is not aligned each other, i.e., solid line in the 1st CC and arrow-head line in the 2nd CC. The dash lines of the 2nd CC in gNB1 indicate the PRB grid aligned with the 1st CC’s PRB grid indicated by solid lines. The arrow-head lines in the 2nd CC in gNB1 indicate its PRB grid which are deviated from the PRB grid aligned for 1st CC. So there is no PRB grid alignment between the 1st CC and 2nd CC.
Now let’s assume there is a neighbour cell served by gNB2 where 40 MHz single wideband carrier is being serviced where the PRB grid of this wideband carrier is aligned with the 1st CC in gNB1. Since PRB grid of the 2nd CC in gNB1 is not aligned with the 1st CC in gNB1, and the PRB grid of the wideband carrier, there would be coexistence between 2nd CC in gNB1 and the 2nd half of the wideband carrier. This situation is marked by red-box in the figure 1.

The coexistence issue can be resolved by PRB grid alignment between CA and a wideband carrier. Therefore it is important to consider both CA and a wideband carrier scenario when down select channel raster entry. Another benefit of PRB grid alignment is it simplifies UE implementation, i.e., a single FFT operation.

Observation #2: There is coexistence issue between CA and a wideband carrier if channel raster is not PRB grid aligned.

Proposal #2: Channel raster should allow PRB grid alignment between CCs in contiguous CA as well as wideband carrier (>20 MHz) and narrow band (20 MHz) CC.



· Spectrum efficiency perspective
The subcarrier offset (kSSB) represents an offset from subcarrier 0 of the Common Resource Block identified by offsetToPointA to subcarrier #0 of the SS/PBCH. In the case of FR1, kSSB is based on a 15 kHz subcarrier spacing while the SS/PBCH and subCarrierSpacingCommon can use subcarrier spacing of 30 kHz unless there is indication by higher layers (RAN1 agreements are in appendix). The kSSB requires a range from 0 to 23.
In case kSSB is not equal to 0, there will be non-usable PRBs and this is resulting 1 PRB less that can be used for the system when SSBs are transmitted. By careful selection of entry points, this situation can be completely avoidable. Therefore spectrum efficiency is maximized by selecting channel raster with kSSB to be 0. The figure 1 illustrates the situation.
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Figure 1. Illustration of subcarrier offset (kSSB) and usable PRBs.


There is another advantage of having kSSB to be 0. To indicate all 24 offsets, 5-bit has been assigned in PBCH payload. In case kSSB index is already known to UE, i.e., kSSB = 0, then PBCH decoding performance is improved by 5-bit.

Observation #3: When kSSB is not equal to 0, there will be non-usable PRBs which decreases spectrum efficiency of the system. However, this can be completely avoided by careful selection of entry points by choosing kSSB to be 0, and spectral efficiency is maximized.

Observation #4: Channel raster entries having the same kSSB improves PBCH decoding performance for UE by 5-bit.

Proposal #3: It is proposed that channel raster to be down selected with kSSB = 0 for each entry.


· Channel raster entry with different numerology
In TS 38.104 subclause 5.4.2.2 specifies NR channel raster to resource element mapping and there is a sentence that “The mapping must apply to at least one numerology supported by the BS.” The excerpt is below.

	[bookmark: _Toc13080151]5.4.2.2	Channel raster to resource element mapping
[bookmark: _Hlk514075049]The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the BS.
Table 5.4.2.2-1: Channel Raster to Resource Element Mapping
	

	

	


	
Resource element index 
	0
	6

	
Physical resource block number 
	

	







, ,  are as defined in TS 38.211 [9].




The current specification allows BS that supports multiple numerologies to satisfy ARFCN requirement with just one or more numerology. In case of unlicensed bands, multiple operators may use different numerology as reference and create non-uniform channel placement which is causing inter-operability issues.
For example, 106 RB is defined with 15 kHz SCS and 51 RB with 30 kHz SCS for 20 MHz CBW. Based on the channel raster to resource element mapping given in Table 5.4.2.2-1, the center frequency with 15 kHz SCS is located in subcarrier #0 in the 53rd RB, while the center frequency with 30 kHz SCS is located in the subcarrier #6 in the 26th RB. Figure 2 illustrates this example. 
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Figure 2. Illustration of channel raster position with 15 and 30 kHz SCS for 20 MHz CBW (not scaled)

This example shows that channel raster entry for 15 kHz and 30 kHz could not be aligned for a given BW and care should be taken when channel raster points are being selected to avoid non-uniform channel placement causing inter-operability issues.

Observation #5: Different channel raster points could be possible for different subcarrier spacing, i.e., 15 and 30 kHz SCS, for a given CBW, i.e., 20 MHz, and this creates non-uniform channel placement causing inter-operability issues.

Proposal #4: Channel raster entry should be chosen carefully so that 15 and 30 kHz SCS has the same entry point for a given CBW.

In appendix, we provide channel raster to meet all the properties in proposals #2 – #4.
Summary
In this paper we made the following observations and proposals:
Observation #1: RAN1 specification, i.e., TS 38.213, allows only limited number of SSB CORESET0 offsets, i.e., 4-bit in pdcch-ConfigSIB1, and some of indices are reserved. 
Observation #2: There is coexistence issue between CA and a wideband carrier if channel raster is not PRB grid aligned.
Observation #3: When kSSB is not equal to 0, there will be non-usable PRBs which decreases spectrum efficiency of the system. However, this can be completely avoided by careful selection of entry points by choosing kSSB to be 0, and spectral efficiency is maximized.
Observation #4: Channel raster entries having the same kSSB improves PBCH decoding performance for UE by 5-bit.
Observation #5: Different channel raster points could be possible for different subcarrier spacing, i.e., 15 and 30 kHz SCS, for a given CBW, i.e., 20 MHz, and this creates non-uniform channel placement causing inter-operability issues.

Proposal #1: It is proposed to check with RAN1 for advice or suggestion about the SSB CORSET0 offsets and RAN1 specification impact.
Proposal #2: Channel raster should allow PRB grid alignment between CCs in contiguous CA as well as wideband carrier (>20 MHz) and narrow band (20 MHz) CC.
Proposal #3: It is proposed that channel raster to be down selected with kSSB = 0 for each entry.
Proposal #4: Channel raster entry should be chosen carefully so that 15 and 30 kHz SCS has the same entry point for a given CBW.
Reference
[1]	R4-1910593, “WF for NR-U channel raster”, Ericsson, Ljubljana, August 2019



Appendix
RAN1 agreements:
	RAN1 #AH1901 (21st January – 25th January, 2019)
Agreement:
· UE assumes 30 KHz 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 15 KHz or 30 KHz SCS for SS/PBCH block.
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4.  

RAN1 #96 (8th – 12th April, 2019)
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. 
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Proposed channel raster entry:
	LTE Chn Raster [kHz]
	BW [MHz
	Data SCS [kHz]
	NR Chn Raster [kHz]
	NR-ARFCN
	N_PRB
	k_SSB
	RB Offset (Left)
	RB Offset (Right)

	5160000
	20/60/100
	15
	5160000
	744000
	104
	0
	0
	64

	5160000
	20/60/100
	30
	5160000
	744000
	50
	0
	3
	27

	5170000
	40/80
	15
	5169900
	744660
	214
	0
	0
	174

	5170000
	40/80
	30
	5169900
	744660
	105
	0
	3
	82

	5180000
	20/60/100
	15
	5180160
	745344
	104
	0
	0
	64

	5180000
	20/60/100
	30
	5180160
	745344
	50
	0
	3
	27

	5190000
	40/80
	15
	5190060
	746004
	214
	0
	0
	174

	5190000
	40/80
	30
	5190060
	746004
	105
	0
	3
	82

	5200000
	20/60/100
	15
	5199960
	746664
	104
	0
	2
	62

	5200000
	20/60/100
	30
	5199960
	746664
	50
	0
	0
	30

	5210000
	40/80
	15
	5209860
	747324
	214
	0
	2
	172

	5210000
	40/80
	30
	5209860
	747324
	105
	0
	0
	85

	5220000
	20/60/100
	15
	5220120
	748008
	104
	0
	2
	62

	5220000
	20/60/100
	30
	5220120
	748008
	50
	0
	0
	30

	5230000
	40/80
	15
	5230020
	748668
	214
	0
	2
	172

	5230000
	40/80
	30
	5230020
	748668
	105
	0
	0
	85

	5240000
	20/60/100
	15
	5239920
	749328
	104
	0
	4
	60

	5240000
	20/60/100
	30
	5239920
	749328
	50
	0
	1
	29

	5250000
	40/80
	15
	5250000
	750000
	216
	0
	4
	172

	5250000
	40/80
	30
	5250000
	750000
	106
	0
	1
	85

	5260000
	20/60/100
	15
	5260080
	750672
	104
	0
	4
	60

	5260000
	20/60/100
	30
	5260080
	750672
	50
	0
	1
	29

	5270000
	40/80
	15
	5269980
	751332
	214
	0
	4
	170

	5270000
	40/80
	30
	5269980
	751332
	105
	0
	1
	84

	5280000
	20/60/100
	15
	5279880
	751992
	104
	0
	6
	58

	5280000
	20/60/100
	30
	5279880
	751992
	50
	0
	2
	28

	5290000
	40/80
	15
	5290140
	752676
	214
	0
	4
	170

	5290000
	40/80
	30
	5290140
	752676
	105
	0
	1
	84

	5300000
	20/60/100
	15
	5300040
	753336
	104
	0
	6
	58

	5300000
	20/60/100
	30
	5300040
	753336
	50
	0
	2
	28

	5310000
	40/80
	15
	5309940
	753996
	214
	0
	6
	168

	5310000
	40/80
	30
	5309940
	753996
	105
	0
	2
	83

	5320000
	20/60/100
	15
	5319840
	754656
	104
	0
	0
	64

	5320000
	20/60/100
	30
	5319840
	754656
	50
	0
	3
	27

	5330000
	40/80
	15
	5330100
	755340
	214
	0
	6
	168

	5330000
	40/80
	30
	5330100
	755340
	105
	0
	2
	83

	5340000
	20/60/100
	15
	5340000
	756000
	104
	0
	0
	64

	5340000
	20/60/100
	30
	5340000
	756000
	50
	0
	3
	27

	5480000
	20/60/100
	15
	5480040
	765336
	104
	0
	6
	58

	5480000
	20/60/100
	30
	5480040
	765336
	50
	0
	2
	28

	5490000
	40/80
	15
	5489940
	765996
	214
	0
	6
	168

	5490000
	40/80
	30
	5489940
	765996
	105
	0
	2
	83

	5500000
	20/60/100
	15
	5499840
	766656
	104
	0
	0
	64

	5500000
	20/60/100
	30
	5499840
	766656
	50
	0
	3
	27

	5510000
	40/80
	15
	5510100
	767340
	214
	0
	6
	168

	5510000
	40/80
	30
	5510100
	767340
	105
	0
	2
	83

	5520000
	20/60/100
	15
	5520000
	768000
	104
	0
	0
	64

	5520000
	20/60/100
	30
	5520000
	768000
	50
	0
	3
	27

	5530000
	40/80
	15
	5529900
	768660
	214
	0
	0
	174

	5530000
	40/80
	30
	5529900
	768660
	105
	0
	3
	82

	5540000
	20/60/100
	15
	5540160
	769344
	104
	0
	0
	64

	5540000
	20/60/100
	30
	5540160
	769344
	50
	0
	3
	27

	5550000
	40/80
	15
	5550060
	770004
	214
	0
	0
	174

	5550000
	40/80
	30
	5550060
	770004
	105
	0
	3
	82

	5560000
	20/60/100
	15
	5559960
	770664
	104
	0
	2
	62

	5560000
	20/60/100
	30
	5559960
	770664
	50
	0
	0
	30

	5570000
	40/80
	15
	5569860
	771324
	214
	0
	2
	172

	5570000
	40/80
	30
	5569860
	771324
	105
	0
	0
	85

	5580000
	20/60/100
	15
	5580120
	772008
	104
	0
	2
	62

	5580000
	20/60/100
	30
	5580120
	772008
	50
	0
	0
	30

	5590000
	40/80
	15
	5590020
	772668
	214
	0
	2
	172

	5590000
	40/80
	30
	5590020
	772668
	105
	0
	0
	85

	5600000
	20/60/100
	15
	5599920
	773328
	104
	0
	4
	60

	5600000
	20/60/100
	30
	5599920
	773328
	50
	0
	1
	29

	5610000
	40/80
	15
	5610000
	774000
	216
	0
	4
	172

	5610000
	40/80
	30
	5610000
	774000
	106
	0
	1
	85

	5620000
	20/60/100
	15
	5620080
	774672
	104
	0
	4
	60

	5620000
	20/60/100
	30
	5620080
	774672
	50
	0
	1
	29

	5630000
	40/80
	15
	5629980
	775332
	214
	0
	4
	170

	5630000
	40/80
	30
	5629980
	775332
	105
	0
	1
	84

	5640000
	20/60/100
	15
	5639880
	775992
	104
	0
	6
	58

	5640000
	20/60/100
	30
	5639880
	775992
	50
	0
	2
	28

	5650000
	40/80
	15
	5650140
	776676
	214
	0
	4
	170

	5650000
	40/80
	30
	5650140
	776676
	105
	0
	1
	84

	5660000
	20/60/100
	15
	5660040
	777336
	104
	0
	6
	58

	5660000
	20/60/100
	30
	5660040
	777336
	50
	0
	2
	28

	5670000
	40/80
	15
	5669940
	777996
	214
	0
	6
	168

	5670000
	40/80
	30
	5669940
	777996
	105
	0
	2
	83

	5680000
	20/60/100
	15
	5679840
	778656
	104
	0
	0
	64

	5680000
	20/60/100
	30
	5679840
	778656
	50
	0
	3
	27

	5690000
	40/80
	15
	5690100
	779340
	214
	0
	6
	168

	5690000
	40/80
	30
	5690100
	779340
	105
	0
	2
	83

	5700000
	20/60/100
	15
	5700000
	780000
	104
	0
	0
	64

	5700000
	20/60/100
	30
	5700000
	780000
	50
	0
	3
	27

	5710000
	40/80
	15
	5709900
	780660
	214
	0
	0
	174

	5710000
	40/80
	30
	5709900
	780660
	105
	0
	3
	82

	5720000
	20/60/100
	15
	5720160
	781344
	104
	0
	0
	64

	5720000
	20/60/100
	30
	5720160
	781344
	50
	0
	3
	27

	5745000
	20/60/100
	15
	5745000
	783000
	104
	0
	6
	58

	5745000
	20/60/100
	30
	5745000
	783000
	50
	0
	2
	28

	5755000
	40/80
	15
	5754900
	783660
	214
	0
	6
	168

	5755000
	40/80
	30
	5754900
	783660
	105
	0
	2
	83

	5765000
	20/60/100
	15
	5765160
	784344
	104
	0
	6
	58

	5765000
	20/60/100
	30
	5765160
	784344
	50
	0
	2
	28

	5775000
	40/80
	15
	5775060
	785004
	214
	0
	6
	168

	5775000
	40/80
	30
	5775060
	785004
	105
	0
	2
	83

	5785000
	20/60/100
	15
	5784960
	785664
	104
	0
	0
	64

	5785000
	20/60/100
	30
	5784960
	785664
	50
	0
	3
	27

	5795000
	40/80
	15
	5794860
	786324
	214
	0
	0
	174

	5795000
	40/80
	30
	5794860
	786324
	105
	0
	3
	82

	5805000
	20/60/100
	15
	5805120
	787008
	104
	0
	0
	64

	5805000
	20/60/100
	30
	5805120
	787008
	50
	0
	3
	27

	5815000
	40/80
	15
	5815020
	787668
	214
	0
	0
	174

	5815000
	40/80
	30
	5815020
	787668
	105
	0
	3
	82

	5825000
	20/60/100
	15
	5824920
	788328
	104
	0
	2
	62

	5825000
	20/60/100
	30
	5824920
	788328
	50
	0
	0
	30

	5835000
	40/80
	15
	5835000
	789000
	216
	0
	2
	174

	5835000
	40/80
	30
	5835000
	789000
	106
	0
	0
	86

	5845000
	20/60/100
	15
	5845080
	789672
	104
	0
	2
	62

	5845000
	20/60/100
	30
	5845080
	789672
	50
	0
	0
	30

	5855000
	40/80
	15
	5854980
	790332
	214
	0
	2
	172

	5855000
	40/80
	30
	5854980
	790332
	105
	0
	0
	85

	5865000
	20/60/100
	15
	5864880
	790992
	104
	0
	4
	60

	5865000
	20/60/100
	30
	5864880
	790992
	50
	0
	1
	29

	5875000
	40/80
	15
	5875140
	791676
	214
	0
	2
	172

	5875000
	40/80
	30
	5875140
	791676
	105
	0
	0
	85

	5885000
	20/60/100
	15
	5885040
	792336
	104
	0
	4
	60

	5885000
	20/60/100
	30
	5885040
	792336
	50
	0
	1
	29

	5895000
	40/80
	15
	5894940
	792996
	214
	0
	4
	170

	5895000
	40/80
	30
	5894940
	792996
	105
	0
	1
	84

	5905000
	20/60/100
	15
	5904840
	793656
	104
	0
	6
	58

	5905000
	20/60/100
	30
	5904840
	793656
	50
	0
	2
	28
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Table 5.3.2-1: Transmission bandwidth configuration Ngs for ER1

SCs 5 10 15 l 25 30 40 50 60 70 80 90 100
(kHz) | MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz
Nes | Nea | Nea | Nea | Nes | Nea | Nea | Nea | Nea | Na | Nea | Nea | Nes

15 25 52 79 106 133 160 216 270 | NA | NA | NA | NA NA

30 11 24 38 51 65 78 106 133 162 189 217 245 273

60 | N.A 1 18 24 31 38 51 65 79 93 107 121 135
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