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1 Introduction
In RAN#68, a new work item was agreed for licence assisted access (LAA) of LTE in 5GHz unlicensed spectrum [1]. As scope of this WI, LAA band plan and channel raster need to be defined for 5GHz operation. We have proposed our concepts related to channel rasters for LAA band in [7]. 
In this contribution, we provide an update to our proposals on channel raster definitions for 5GHz LAA access. 
2 Channel raster for 5GHz band
For 5GHz LAA access, the potential CA configurations for LAA access can be seen in the agreed way forward in RAN4#76 [3]. Thus, 

1. The PCell will always be in lincensed band. Like any other CA inter-band CA configurations, all control channels will be in PCell at least in Rel-13, i.e. in licensed carrier.
2. The carrier(s) in unlicensed band will always be SCell(s). For cell configuration point of view, this means that, the UE will not do any channel search in the unlicensed band for LAA operation; instead the UE receives the EARFCN of the Scell explicitly in the RRC signaling.
As we have explained in [4] and [8], we propose to pick both band number and channel numbers from [45] and [46590], respectively. This is because of the fact that, both DL and UL may be transmitted on the same carrier for LAA operations, thus, it is preferable to use TDD sequences. 

So, our proposals are below:

Proposal-1: Introduce the EARFCN limitation only in BS spec (36.104).

Proposal-2: All EARFCN available to be used by the UE, thus no limitation in the UE spec (36.101)

In this way, the UE will be able to implement all possible EARFCNs, however, will use the EARFCN which is signalled to the UE from the network. When new transmission bandwidths are to be defined, then only updating the BS spec is needed. This will ensure that, UEs are able to operate on potential future additions of bandwidths, etc.  

The restrictions on EARFCN as shown in draft CRs for 36.101 and 36.104 in Section 3 and 4 can be changed or revised in a future version of the standard, if needed.
3 LAA carrier frequencies in 5GHz

We list all possible 20MHz channels in 5GHz LAA band as below. The table shows the case when channel spacing between two carriers are alternated between 19.8MHz and 20.1MHz. The difference between WiFi carrier and LAA carrier is shown as diference in MHz. More specifically, the channel spacings in a contiguous block of channels follow a [19.8, 20.1, 20.1] periodic pattern to ensure that as much alignment with Wi-Fi channels as possible is achieved. The frequencies in [5170, 5250] and [5735, 5835] are most widely used by Wi-Fi. Designing maximum alignment of the carriers in these ranges is particularly important. Noticing that, the effective transmission bandwidth of WiFi is 16.25MHz (WiFi does not transmit anything on 7 subcarriers on both edges), this small differences will not cause any coexistence problem with WiFi carriers.
	WiFi channel number
	WiFi carrier frequency (MHz)
	LAA carrier frequency (MHz)
	Diffrence (MHz)
	Proposed

LAA EARFCN
	Note 1
	Note 2

	32
	5160
	5160.2
	 0.2
	46692
	Not used by Wi-Fi
	

	36
	5180
	5180.0
	 0.0
	46890
	Most widely used by Wi-Fi
	11ac 80 MHz channel

	40
	5200
	5200.1
	 0.1
	47091
	Most widely used by Wi-Fi
	

	44
	5220
	5219.9
	-0.1
	47289
	Most widely used by Wi-Fi
	

	48
	5240
	5240.0
	 0.0
	47490
	Most widely used by Wi-Fi
	

	52
	5260
	5260.1
	 0.1
	47691
	
	11ac 80 MHz channel

	56
	5280
	5279.9
	-0.1
	47889
	
	

	60
	5300
	5300.0
	 0.0
	48090
	
	

	64
	5320
	5320.1
	 0.1
	48291
	
	

	68
	5340
	5339.9
	-0.1
	48489
	Not used by Wi-Fi
	

	96
	5480
	5479.9
	-0.1
	49889
	Not used by Wi-Fi
	

	100
	5500
	5500.0
	 0.0
	50090
	
	11ac 80 MHz channel

	104
	5520
	5520.1
	 0.1
	50291
	
	

	108
	5540
	5539.9
	-0.1
	50489
	
	

	112
	5560
	5560.0
	 0.0
	50690
	
	

	116
	5580
	5580.1
	 0.1
	50891
	
	11ac 80 MHz channel

	120
	5600
	5599.9
	-0.1
	51089
	
	

	124
	5620
	5620.0
	 0.0
	51290
	
	

	128
	5640
	5640.1
	 0.1
	51491
	
	

	132
	5660
	5659.9
	-0.1
	51689
	
	11ac 80 MHz channel

	136
	5680
	5680.0
	 0.0
	51890
	
	

	140
	5700
	5700.1
	 0.1
	52091
	
	

	144
	5720
	5719.9
	-0.1
	52289
	
	

	
	
	
	
	
	5730-5735MHz is not used by Wi-Fi.
	

	149
	5745
	5745.0
	 0.0
	52540
	Most widely used by Wi-Fi
	11ac 80 MHz channel

	153
	5765
	5765.1
	 0.1
	52741
	Most widely used by Wi-Fi
	

	157
	5785
	5784.9
	-0.1
	52939
	Most widely used by Wi-Fi
	

	161
	5805
	5805.0
	 0.0
	53140
	Most widely used by Wi-Fi
	

	165
	5825
	5825.1
	 0.1
	53341
	Most widely used by Wi-Fi
	

	
	
	5844.9
	
	53539
	Not used by Wi-Fi
	

	
	
	5865.0
	
	53740
	Not used by Wi-Fi
	

	
	
	5885.1
	
	53941
	Not used by Wi-Fi
	

	
	
	5904.9
	
	54139
	Not used by Wi-Fi
	


These EARFCNs are listed as available EARFCN in BS spec as shown in Section 5.
4 Proposed changes in 36.101
In this section, we present the proposed changes in 36.101 related to channel raster definition.
<<<<< Start of change <<<<<<<<<<<
5.7.3
Carrier frequency and EARFCN

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 65535. The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL_low and NOffs-DL are given in Table 5.7.3-1 and NDL is the downlink EARFCN.

FDL = FDL_low + 0.1(NDL – NOffs-DL)

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in Table 5.7.3-1 and NUL is the uplink EARFCN.


FUL = FUL_low + 0.1(NUL – NOffs-UL)

Table 5.7.3-1: E-UTRA channel numbers

	E-UTRA Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	1
	2110
	0
	0 – 599
	1920
	18000
	18000 – 18599

	2
	1930
	600
	6001199
	1850
	18600
	18600 – 19199

	3
	1805
	1200
	1200 – 1949
	1710
	19200
	19200 – 19949

	4
	2110
	1950
	1950 – 2399
	1710
	19950
	19950 – 20399

	5
	869
	2400
	2400 – 2649
	824
	20400
	20400 – 20649

	6
	875
	2650
	2650 – 2749
	830
	20650
	20650 – 20749

	7
	2620
	2750
	2750 – 3449
	2500
	20750
	20750 – 21449

	8
	925
	3450
	3450 – 3799
	880
	21450
	21450 – 21799

	9
	1844.9
	3800
	3800 – 4149
	1749.9
	21800
	21800 – 22149

	10
	2110
	4150
	4150 – 4749
	1710
	22150
	22150 – 22749

	11
	1475.9
	4750
	4750 – 4949
	1427.9
	22750
	22750 – 22949

	12
	729
	5010
	5010 – 5179
	699
	23010
	23010 – 23179

	13
	746
	5180
	5180 – 5279
	777
	23180
	23180 – 23279

	14
	758
	5280
	5280 – 5379
	788
	23280
	23280 – 23379

	…
	
	
	
	
	
	

	17
	734
	5730
	5730 – 5849
	704
	23730
	23730 – 23849

	18
	860
	5850
	5850 – 5999
	815
	23850
	23850 – 23999

	19
	875
	6000
	6000 – 6149
	830
	24000
	24000 – 24149

	20
	791
	6150
	6150 – 6449
	832
	24150
	24150 – 24449

	21
	1495.9
	6450
	6450 – 6599
	1447.9
	24450
	24450 – 24599

	22
	3510
	6600
	6600 – 7399
	3410
	24600
	24600 – 25399

	23
	2180
	7500
	7500 – 7699
	2000
	25500
	25500 – 25699

	24
	1525
	7700
	7700 – 8039
	1626.5
	25700
	25700 – 26039

	25
	1930
	8040
	8040 – 8689
	1850
	26040
	26040 – 26689

	26
	859
	8690
	8690 – 9039
	814
	26690
	26690 – 27039

	27
	852
	9040
	9040 – 9209
	807
	27040
	27040 – 27209

	28
	758
	9210
	9210 – 9659
	703
	27210
	27210 – 27659

	292
	717
	9660
	9660 – 9769
	N/A

	30
	2350
	9770
	9770 – 9869
	2305
	27660
	27660 – 27759

	31
	462.5
	9870
	9870 – 9919
	452.5
	27760
	27760 – 27809

	…322
	1452
	9920
	9920 – 10359
	N/A

	33
	1900
	36000
	36000 – 36199 
	1900
	36000
	36000 – 36199

	34
	2010
	36200
	36200 – 36349
	2010
	36200
	36200 – 36349 

	35
	1850
	36350
	36350 – 36949
	1850
	36350
	36350 – 36949

	36
	1930
	36950
	36950 – 37549
	1930
	36950
	36950 – 37549

	37
	1910
	37550
	37550 – 37749
	1910
	37550
	37550 – 37749

	38
	2570
	37750
	37750 – 38249
	2570
	37750
	37750 – 38249

	39
	1880
	38250
	38250 – 38649
	1880
	38250
	38250 – 38649

	40
	2300
	38650
	38650 – 39649
	2300
	38650
	38650 – 39649

	41
	2496
	39650
	39650 –41589
	2496
	39650
	39650 –41589

	42
	3400
	41590
	41590 – 43589
	3400
	41590
	41590 – 43589

	43
	3600
	43590
	43590 – 45589
	3600
	43590
	43590 – 45589

	44
	703
	45590
	45590 – 46589
	703
	45590
	45590 – 46589

	[45]
	5150
	46590
	[46590 – 54339]
	5150
	46590
	[46590 – 54339]

	NOTE 1: 
The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. This implies that the first 7, 15, 25, 50, 75 and 100 channel numbers at the lower operating band edge and the last 6, 14, 24, 49, 74 and 99 channel numbers at the upper operating band edge shall not be used for channel bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz respectively.

NOTE 2: 
Restricted to E-UTRA operation when carrier aggregation is configured.

NOTE 3:
For ProSe the corresponding UL channel number are also specified for the DL for the associated ProSe operating bands i.e. ProSe_FUL = FUL and ProSe_FDL = FUL.



<<<<< End of change <<<<<<<<<<<
5 Proposed changes in 36.104

In this section, we present the proposed changes in 36.104 related to channel raster definition.

<<<<< Start of change <<<<<<<<<<<
5.7.3
Carrier frequency and EARFCN

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 - 65535. The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL_low and NOffs-DL are given in table 5.7.3-1 and NDL is the downlink EARFCN.


FDL = FDL_low + 0.1(NDL – NOffs-DL) 

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in table 5.7.3-1 and NUL is the uplink EARFCN.


FUL = FUL_low + 0.1(NUL – NOffs-UL)  

Table 5.7.3-1: E-UTRA channel numbers

	E-UTRA Operating Band
	Downlink
	Uplink

	
	FDL_low [MHz]
	NOffs-DL
	Range of NDL
	FUL_low [MHz]
	NOffs-UL
	Range of NUL

	1
	2110
	0
	0 – 599
	1920
	18000
	18000 – 18599

	2
	1930
	600
	6001199
	1850
	18600
	18600 – 19199

	3
	1805
	1200
	1200 – 1949
	1710
	19200
	19200 – 19949

	4
	2110
	1950
	1950 – 2399
	1710
	19950
	19950 – 20399

	5
	869
	2400
	2400 – 2649
	824
	20400
	20400 – 20649

	6
	875
	2650
	2650 – 2749
	830
	20650
	20650 – 20749

	7
	2620
	2750
	2750 – 3449
	2500
	20750
	20750 – 21449

	8
	925
	3450
	3450 – 3799
	880
	21450
	21450 – 21799

	9
	1844.9
	3800
	3800 – 4149
	1749.9
	21800
	21800 – 22149

	10
	2110
	4150
	4150 – 4749
	1710
	22150
	22150 – 22749

	11
	1475.9
	4750
	4750 – 4949
	1427.9
	22750
	22750 – 22949

	12
	729
	5010
	5010 – 5179
	699
	23010
	23010 – 23179

	13
	746
	5180
	5180 – 5279
	777
	23180
	23180 – 23279

	14
	758
	5280
	5280 – 5379
	788
	23280
	23280 – 23379

	…
	
	
	
	
	
	

	17
	734
	5730
	5730 – 5849
	704
	23730
	23730 – 23849

	18
	860
	5850
	5850 – 5999
	815
	23850
	23850 – 23999

	19
	875
	6000
	6000 – 6149
	830
	24000
	24000 – 24149

	20
	791
	6150
	6150 - 6449
	832
	24150
	24150 - 24449

	21
	1495.9
	6450
	6450 – 6599
	1447.9
	24450
	24450 – 24599

	22
	3510
	6600
	6600-7399
	3410
	24600
	24600-25399

	23
	2180
	7500
	7500 – 7699
	2000
	25500
	25500 – 25699

	24
	1525
	7700
	7700 – 8039
	1626.5
	25700
	25700 – 26039

	25
	1930
	8040
	8040 - 8689
	1850
	26040
	26040 - 26689

	26
	859
	8690
	8690 – 9039
	814
	26690
	26690 - 27039

	27
	852
	9040
	9040 – 9209
	807
	27040
	27040 – 27209

	28
	758
	9210
	9210 – 9659
	703
	27210
	27210 – 27659

	29
(NOTE 2)
	717
	9660
	9660 – 9769
	N/A

	30
	2350
	9770
	9770 – 9869
	2305
	27660
	27660 – 27759

	31
	462.5
	9870
	9870 – 9919
	452.5
	27760
	27760 – 27809

	32

(NOTE 2)
	1452
	9920
	9920 – 10359
	N/A

	33
	1900
	36000
	36000 – 36199
	1900
	36000
	36000 – 36199

	34
	2010
	36200
	36200 – 36349
	2010
	36200
	36200 – 36349

	35
	1850
	36350
	36350 – 36949
	1850
	36350
	36350 – 36949

	36
	1930
	36950
	36950 – 37549
	1930
	36950
	36950 – 37549

	37
	1910
	37550
	37550 – 37749
	1910
	37550
	37550 – 37749

	38
	2570
	37750
	37750 – 38249
	2570
	37750
	37750 – 38249

	39
	1880
	38250
	38250 – 38649
	1880
	38250
	38250 – 38649

	40
	2300
	38650
	38650 – 39649
	2300
	38650
	38650 – 39649

	41
	2496
	39650
	39650 – 41589
	2496
	39650
	39650 – 41589 

	42
	3400
	41590
	41590 – 43589
	3400
	41590
	41590 – 43589

	43
	3600
	43590
	43590 – 45589
	3600
	43590
	43590 – 45589

	44
	703
	45590
	45590 – 46589
	703
	45590
	45590 – 46589

	[45]
(NOTE 3)
	5150
	46590
	[46590 – 54339]
	5150
	46590
	[46590 - 54339]

	NOTE 1: 
The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. This implies that the first 7, 15, 25, 50, 75 and 100 channel numbers at the lower operating band edge and the last 6, 14, 24, 49, 74 and 99 channel numbers at the upper operating band edge shall not be used for channel bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz respectively.

NOTE 2: 
Restricted to E-UTRA operation when carrier aggregation is configured.
NOTE 3:   For operations in Band 45 in the frequency ranges 5150-5350 MHz and 5470-5925 MHz, the BS should assign DL EARFCN restricted to the set: {46692, 46890, 47091, 47289, 47490, 47691, 47889, 48090, 48291, 48489, 49889, 50090, 50291, 50489, 50690, 50891, 51089, 51290, 51491, 51689, 51890, 52091, 52289, 52540, 52741, 52939, 53140, 53341, 53539, 53740, 53941, 54139}


<<<<< End of change <<<<<<<<<<<

6 Conclusions
In this contribution, we presented our proposal for defining channel raster for LAA operation in the relevant specifications. The proposed definition is inline with channel raster definitions for CA configurations. We propose the following: 
Proposal-1: Introduce the EARFCN limitation only in BS spec (36.104).

Proposal-2: All EARFCN available to be used by the UE, thus no limitation in the UE spec (36.101)

Proposal-3: Adopt the channel raster definition and related texts for 36.101 as described in Section 4
Proposal-4: Adopt the channel raster definition and related texts for 36.104 as described in Section 5
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