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Introduction
Two LSs have been received from RAN2; one on EARFCN extension [1] and one on MFBI for overlapping (E-)UTRAN bands [2]. A discussion paper [3] also addresses the MFBI topic with two alternatives to either do nothing, or follow along the lines of what RAN2 did.
This discussion paper addresses GERAN considerations for the above and proposes a way forward.
NOTE: MFBI and EARFCN extension are not linked per se.
[bookmark: _Ref349381388]EARFCN Extension
[1] indicates that the number spaces of value ranges of both the band number and the EARFCN have been increased by a factor of 4 i.e. from 64 to 256 for the band number and from 65535 to 262143 for the EARFCN. 
These changes could not be introduced in Release 8, but could only be introduced:
· In Release 9 for E-UTRAN
· In Release 11 for UTRAN, in a release independent manner
It should be noted that no Frequency Band Indicator is used in GERAN for E-UTRA hence the impact on band number is transparent to GERAN.
The EARFCN defined in [4] identifies a carrier frequency in uplink and downlink as depicted in the table below where NDL indicates the EARFCN of DL carriers and NUL the EARFCN of UL uplink carriers. The yellow shading points to FDD bands (UL and DL spectrums divided in frequency domain i.e. duplex spacing) and the blue shading to TDD bands (same spectrum for UL and DL, divided in time domain) – while FDD UL/DL requires 2x EARFCNs, TDD UL/DL requires 1x EARFCN. As can be seen, an EARFCN is uniquely associated with a carrier frequency and a given band.
	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

	282
	758
	9210
	9210 – 9659
	703
	27210
	27210 – 27659

	292
	717
	9660
	9660 – 9769
	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

	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.


[bookmark: _Ref349379417]Table 1. E-UTRAN Channel Numbers [4]
In GERAN specifications, only the EARFCN of DL carriers need to be identified for it is these carriers that are measured for mobility purpose[footnoteRef:1]. As a result, half of the FDD EARFCNs address space is unused in GERAN; the NUL range is free for use. Also it is worth noting that the range 46590-65535 is yet to be used today.  [1:  UL EARFCN are not deemed needed  (Duplex distance can be used and “RACH” configuration can be obtained once in the target cell)] 

As a way forward in GERAN, it is then proposed to not extend the EARFCN addressing space but instead, whenever news bands are introduced, to use a local EARFCN mapping in GERAN networks and MSs that can exploit the unused FDD uplink EARFCNs (NUL). This approach avoids any signalling change in GERAN, whilst allowing the future introduction of new EUTRA bands in a true release-independent manner.
Multiple Frequency Band Indicators
[2] indicates a MS that supports a band which overlaps with other bands is allowed to roam to those overlapping bands. The table below illustrates for LTE the example of band 26 overlapping with bands 5, 18 and 19[footnoteRef:2] which for instance allows a MS supporting band 26 only to camp onto any of bands 5, 18 or 19 (there are other possibilities as well). [2:  Band 19 is for Japan, hence not applicable from GERAN interworking perspective but is shown here for illustration.] 

	Bands
	Uplink (MHz)
	
	Downlink (MHz)

	Band 26
	814
	
	
	
	
	849
	
	859
	
	
	
	
	894

	Band 18
	
	815
	
	830
	
	
	
	
	860
	
	875
	
	

	Band 5
	
	
	824
	
	
	849
	
	
	
	869
	
	
	894

	Band 19
	
	
	
	830
	845
	
	
	
	
	
	875
	890
	


Table 2. Example of band overlap (E-UTRA FDD Bands 26 with bands 5, 18 and 19)
As already highlighted in §2, only DL [E/U]ARFCN are applicable for mobility purpose. As can be seen in Table 1 above for EARFCNs, and in the tables below for UARFCNs, an [E/U]ARFCN is uniquely associated with a given carrier frequency and a given band[footnoteRef:3]. The same carrier frequency in overlapping bands needs thus as many [E/U]ARFCNs as there are overlapping bands. Assuming overlapping Bands M and N, a MS supporting Band M only (resp. Band N only) would normally not understand EARFCNs of Band N (resp. Band M). However the overlap implies that such MS could camp on a non-supported band.  [3:  Note that outside Japan, and DL UARFCN of Band V and Band VI can be considered as being from Band V (inside Japan itself is not applicable otherwise from GERAN perspective). This is shaded in grey in Table 2.] 

RAN2 decided to introduce an MFBI list for each [E/U]ARFCN, as it was thought to be more signalling efficient than expanding the number of [E/U]ARFCNs that can be signalled. This list allows a MS not understanding an EARFCN to check the MFBI list for supported band(s) and perform an EARFCN translation accordingly. As rightly identified in [3] a similar approach in GERAN could yield severe signalling impact that may be considered unjustified. It should also be noted that network sharing aspects under discussion in FULL_MOCN_GERAN are not accounted for in [3] – thus the impact could be greater than anticipated in [3].
Without signalling an MFBI list per [E/U]ARFCN, extra [E/U]ARFCNs can be signalled within the limits set by the standard (e.g. 8 EARFCNs for EUTRA). It is assumed that these limits will not be changed in GERAN: the flexibility is, as for [E/U]TRAN, “limited” by the number of “legacy” [E/U]ARFCN that can be signalled.
A possible way forward is a MS-centric solution without any signalling changes whereby a MS supporting a given band could understand the [E/U]ARFCNs of the applicable carriers in the applicable overlapping bands when such exist any (as required by RAN2 solution already, a MS would not ignore an EARFCN in a band it does not support, so such functionality would already exist). The impact of this approach vs. an explicit MFBI list is the lack of a priori knowledge of the supported bands of neighboring (E-)UTRAN cells while in GERAN. 
· In idle mode, or generally for autonomous cell reselection (i.e. including in packet transfer mode) this may initially yield an unnecessary failed reselection to a cell when the MS cannot support this cell (due to lack of MFBI support in the cell), however this is not deemed to be a significant problem for the band support (or lack thereof) is expected to be geographically ~static across wide areas (e.g. PLMN). A MS would also update its “MFBI”-related information whenever visiting an (E-)UTRA cell.  
· In dedicated mode, dual transfer mode and packet transfer mode (PS Handover) the target cell decides whether or not to proceed with a handover, no real issue is foreseen from a service interruption standpoint. However, unnecessary measurements and reporting can be triggered given the BSS does not know which UTRA/E-UTRA bands are supported by the MS. This could be addressed, if necessary, either by some MFBI indication in Measurement Information / Packet Measurement Order or by some band support indication in CM3/MS RAC IE.
· In packet transfer mode (NC2 no PS Handover), cell reselection failure can occur, resulting in the MS sending a Packet Cell Change Failure back to the BSS in the old cell (with Cause ‘0000’ frequency not implemented) which allows the BSS to act accordingly. The MS could also behave in a similar way as for autonomous reselection (i.e. assume the band support to be static) to prevent further measurement and reporting of cells that are not supported.
	
	Uplink (UL)
	Downlink (DL)

	Band
	General
	Additional
	General
	Additional

	I
	9612 to 9888
	-
	10562 to 10838
	-

	II
	9262 to 9538
	12, 37, 62, 
87, 112, 137, 
162, 187, 212, 
237, 262, 287
	9662 to 9938
	412, 437, 462, 
487, 512, 537, 
562, 587, 612, 
637, 662, 687

	III
	937 to 1288 
	-
	1162 to 1513 
	-

	IV
	1312 to 1513 
	1662, 1687, 1712, 1737, 1762, 1787, 1812, 1837, 1862 
	1537 to 1738 
	1887, 1912, 1937, 1962, 1987, 2012, 2037, 2062, 2087 

	V
	4132 to 4233
	782, 787, 807, 
812, 837, 862
	4357 to 4458
	1007, 1012, 1032, 
1037, 1062, 1087

	VI
	4162 to 4188 
	812, 837
	4387 to 4413 
	1037, 1062

	VII
	2012 to 2338 
	2362, 2387, 2412, 2437, 2462, 2487, 2512, 2537, 2562, 2587, 2612, 2637, 2662, 2687 
	2237 to 2563 
	2587, 2612, 2637, 2662, 2687, 2712, 2737, 2762, 2787, 2812, 2837, 2862, 2887, 2912 

	VIII
	2712 to 2863
	-
	2937 to 3088
	-

	IX
	8762 to 8912
	-
	9237 to 9387
	-

	X
	2887 to 3163
	3187, 3212, 3237, 3262, 3287, 3312, 3337, 3362, 3387, 3412, 3437, 3462
	3112 to 3388
	3412, 3437, 3462, 3487, 3512, 3537, 3562, 3587, 3612, 3637, 3662, 3687

	XI
	3487 to 3562
	-
	3712 to 3787
	-

	XII
	3617 to 3678
	3707, 3732, 3737, 3762, 3767
	3842 to 3903
	3932, 3957, 3962, 3987, 3992

	XIII
	3792 to 3818

	3842, 3867

	4017 to 4043

	4067, 4092


	XIV
	3892 to 3918

	3942, 3967

	4117 to 4143

	4167, 4192


	XIX
	312 to 363
	387, 412, 437
	712 to 763
	787, 812, 837

	XX
	4287 to 4413
	-
	4512 to 4638
	-

	XXI
	462 to 512
	-
	862 to 912
	-

	XXII
	4437 to 4813
	-
	4662 to 5038
	-

	XXV
	4887 to 5188
	6067, 6092, 6117, 6142, 6167, 6192, 6217, 6242, 6267, 6292, 6317, 6342, 6367
	5112 to 5413
	6292, 6317, 6342, 6367, 6392, 6417, 6442, 6467, 6492, 6517, 6542, 6567, 6592

	XXVI
	5537 to 5688
	5712, 5737, 5762, 5767, 5787, 5792, 5812, 5817, 5837, 5842, 5862
	5762 to 5913
	5937, 5962, 5987, 5992, 6012, 6017, 6037, 6042, 6062, 6067, 6087


[bookmark: _Ref349381080]Table 3. UTRAN Channel Numbers (FDD) [5]
	Frequency Band
	Frequency Range
	UARFCN Uplink and Downlink transmission
	Additional UARFCN Uplink and Downlink transmission

	For operation in frequency band as defined in subclause 5.2 (a)
	1900-1920 MHz
2010-2025 MHz
	9512 to 9588
10062 to 10113
	-

	For operation in frequency band as defined in subclause 5.2 (b)
	1850-1910 MHz
1930-1990 MHz
	9262 to 9538
9662 to 9938
	-

	For operation in frequency band as defined in subclause 5.2 (c)
	1910-1930 MHz
	9562 to 9638
	-

	For operation in frequency band as defined in subclause 5.2 (d)
	2570-2620 MHz
	12862 to 13088
	2112, 2137, 2162, 2187, 2212, 2237, 2262, 2287, 2312, 2337


Table 4. UTRAN Channel Numbers (TDD – 3.84Mcps chip rate) [6]
	Frequency Band
	Frequency Range
	UARFCN Uplink and Downlink transmission

	For operation in frequency band as defined in subclause 5.2 (a)
	1900-1920 MHz
2010-2025 MHz
	9504 to 9596
10054 to 10121

	For operation in frequency band as defined in subclause 5.2 (b)
	1850-1910 MHz
1930-1990 MHz
	9254 to 9546
9654 to 9946

	For operation in frequency band as defined in subclause 5.2 (c)
	1910-1930 MHz
	9554 to 9646

	For operation in frequency band as defined in subclause 5.2 (d)
	2570-2620 MHz
	12854 to 13096

	For operation in frequency band as defined in subclause 5.2 (e)
	2300-2400 MHz
	11504 to 11996

	For operation in frequency band as defined in subclause 5.2 (f)
	1880-1920 MHz
	9404 to 9596


Table 5. UTRAN Channel Numbers (TDD – 1.28Mcps chip rate) [6]
	Frequency Band
	Frequency Range
	UARFCN Uplink and Downlink transmission
	Additional UARFCN Uplink and Downlink transmission

	For operation in frequency band as defined in subclause 5.2 (a)
	1900-1920 MHz
2010-2025 MHz
	9512 to 9588
10062 to 10113
	-

	For operation in frequency band as defined in subclause 5.2 (b)
	1850-1910 MHz
1930-1990 MHz
	9262 to 9538
9662 to 9938
	-

	For operation in frequency band as defined in subclause 5.2 (c)
	1910-1930 MHz
	9562 to 9638
	-

	For operation in frequency band as defined in subclause 5.2 (d)
	2570-2620 MHz
	12874 to 13076
	-


Table 6. UTRAN Channel Numbers (TDD – 7.68Mcps chip rate) [6]

Conclusions
This paper has addressed the two LSs from RAN2 on EARFCN numbering space and on support of multiple frequency band indicators. It is proposed:
· to not extend the EARFCN addressing space but instead, whenever new bands are introduced, to use a local EARFCN mapping in GERAN networks and MSs that can exploit the unused FDD uplink EARFCNs. This approach avoids any signalling change in GERAN, whilst allowing the introduction of new EUTRA bands in a true release-independent manner.
· to not broadcast an MFBI list, but to assume a mobile station supporting given [E/U]TRAN bands would understand the [E/U]ARFCNs of applicable carriers in the unsupported overlapping bands if any.
· If deemed necessary, unnecessary measurement and reporting could be avoided in dedicated mode, dual transfer mode and packet transfer mode (when handover is used) by including an MFBI indication in Measurement Information / Packet Measurement Order or by some band support indication in CM3/MS RAC IE. 
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E - UTRA  Operating   Band  Downlink  Uplink  

F DL_low  (MHz)  N Offs - DL  Range of N DL  F UL_low  (MHz)  N Offs - UL  Range of N UL  

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  

