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On EARFCN extension in GERAN
1. Introduction

Following earlier work in RAN4 and RAN2, GERAN2 had discussed in GERAN#57, #58 and #59 how to accommodate additional bands and carrier frequencies beyond what is currently allowed by a 16-bit EARFCN numbering space. A liaison statement was sent from GERAN2 to RAN4 and RAN2 in GP-130844 [1] namely asking for RAN4 feedback on the proposed alternatives.
For a number of meetings, RAN4 has discussed the three alternatives outlined in the GERAN2 LS, and at RAN4#71 concluded the first two alternatives are feasible and requested GERAN2 to decide which one of these to specify [4]: “RAN4 […] would like to confirm the feasibility of Alternatives 1 and 2. RAN4 would like to ask GERAN2 to decide which of these two alternatives is to be specified.”

This contribution further discusses these two alternatives and suggests a way forward. 
2. Discussion
RAN4 initially requested RAN2 in R4-124948 to “study the signalling to extend E-UTRA operating band number as well as related EARFCN numbering space.” with a recommendation to extend the operating band number to 128 (from 64) and to extend the EARFCN numbering space accordingly. RAN2 later decided to expand four-fold the initial EARFCN numbering space (resulting in a 2-bit extension).

The 16-bit EARFCN usage in GERAN has been specified as of Rel-8 (i.e. first E-UTRA release). The support of new LTE bands and associated carrier frequencies can be introduced in the GERAN/E-UTRAN UE using the GERAN Rel-8 signalling baseline.

Extending the EARFCN numbering space beyond 16 bits (Alternative 2 in [1]) would not only require a large amount of signalling changes in GERAN, it would also eat up highly valuable signalling capacity on the GERAN BCCH; the addition of a new System Information message, as has been proposed, would also have negative knock-on effect on BCCH acquisition time of all UEs in a GERAN cell given the need for scheduling this new message. Furthermore, no live network deployment would make use of the extended coding until strictly necessary, since the Rel-8 definition is otherwise sufficient. 
Generally, the usual work practice in GERAN, given tight signalling capacity limitations, is that no new [BCCH] signalling is defined unless strictly necessary.

Alternative 1 in [1]  suggests a local mapping of EARFCN values in the extended range (> 65535) to 16-bit encoded EARFCN code points in GERAN, based on the following observations:

· EARFCNs indicating Uplink FDD carriers (Range of NUL for FDD in 3GPP TS 36.104) are not used for interworking purpose in GERAN and would thus be used for indicating additional carriers (FDD or TDD), should the 16-bit based EARFCNs address space (Range of NDL in 3GPP TS 36.104) get depleted. It is suggested that available 16-bit EARFCN values above the currently specified TDD EARFCNs should be used for specifying either TDD or FDD new bands before EARFCNs in the extended range (> 65535) are introduced.
· EARFCNs corresponding to bands that are only deployed in regions or countries (e.g. Japan) not supporting GERAN networks would never be signalled in GERAN thus could be reused for future relevant DL FDD or TDD carriers in GERAN. Though concerns have been raised that a band could initially be introduced in a region without GERAN deployments, and later introduced in regions with GERAN deployments. But it should be observed that this option is not needed until the proposed "conventional" mapping to UL EARFCNs is exhausted, which is unlikely. Even if this time comes, there will be a number of bands for which it will be clear (by assessing a ~20 years history, the ITU band plan, etc.) that they may be reused for mapping, e.g. those only used in countries having never deployed GSM (as Japan) or having (possibly) decommissioned their GSM networks. So the reuse proposed here will need to be decided on a case-by-case basis and only if/after the set of available uplink FDD EARFCNs is exhausted. 
This local EARFCN mapping in GERAN would be specified (preferably in 3GPP TS 36.104) such that the values in the non-extended EARFCNs numbering space would be used to indicate future Downlink FDD and TDD E-UTRA carriers. This proposal would avoid any signalling change in GERAN, whilst allowing the future introduction of new EUTRA bands (and associated carriers) –Rel-8 signalling would thus be reused unchanged.
Alternative 1 was earlier discussed n GERAN#57, #58 and #59 with no issues being reported against the use of this approach which avoids the downsides associated with Alternative 2 described above. Alternative 1 allows increasing significantly the number of EARFCNs that can be signalled to the UE in GERAN. This proposal not altering the existing Rel-8 signalling baseline has a minimal impact to 3GPP specifications (namely EARFCN allocation and mapping) and only those UEs and networks implementations supporting future EARFCNs that will be specified in the extended range (> 65535) will be subject to a straightforward adaptation (i.e. mapping).
As initially discussed back to RAN4#69, and further concluded in GERAN#61, the handover situation in case of MFBI may require a mapping either in the BSS or the eNB at handover preparation. While this is a non-issue for RAN4 as such, it should also be noted this has a minor impact on the network side, whilst alternative 2 on the contrary yields significant complexity both on the network infrastructure and the UE with adverse impact to the operation of all UEs in the GERAN cell.  
Furthermore, it should be noted that the proposal in [3] suggested a 17-bit EARFCN encoding could be used in GERAN vs. 18 bits in E-UTRAN, which would also require the mapping {3] argued against (i.e. in this case a mapping between a 17-bit EARFCN and the 18-bit EARFCN). It is then appreciated that such mapping in the BSS or eNB at handover preparation should not be a matter of concern.
3. Conclusion

Proposal 1: it is therefore proposed that GERAN2 selects Alternative 1 as the solution for supporting EARFCN extension in GERAN, solution which has been confirmed by RAN4 as feasible. .
Proposal 2: GERAN2 should inform RAN4 of the GERAN2 decision and invite RAN4 to update the relevant specifications accordingly.

4. Proposed solution for supporting EARFCN in GERAN (summary)
· EARFCNs indicating Uplink FDD carriers (Range of NUL for FDD in 3GPP TS 36.104) which today are not used for interworking purpose in GERAN would now be used to indicate additional carriers (FDD or TDD), should the 16-bit based EARFCNs address space (Range of NDL in 3GPP TS 36.104) get depleted.
· Available 16-bit EARFCN values above the currently specified TDD EARFCNs should be used for specifying either TDD or FDD new bands before EARFCNs in the extended range (> 65535) are introduced.
· Should the need arise, EARFCNs corresponding to bands that are only deployed in regions not supporting GERAN networks and that would never be signalled in GERAN could be reused for future relevant DL FDD or TDD carriers in GERAN. This can be addressed on a case-by-case basis.
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ANNEX A: EARFCN 

The EARFCN 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. 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

	30
	2350
	9770
	9770 – 9869
	2305
	27660
	27660 – 27759

	31
	462.5
	9870
	9870 – 9919
	452.5
	27760
	27760 – 27809

	…

	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.


Table 1. E-UTRAN Channel Numbers
In GERAN specifications, only the EARFCN of DL carriers need to be identified for it is these carriers that are measured for mobility purpose
. As a result, half of the FDD EARFCNs address space (NUL range) is unused in GERAN. It should also be noted that 65535 has been used as a special code point for indicating 18 bits coding by RAN2.
� UL EARFCN are not deemed needed  (Duplex distance can be used and “RACH” configuration can be obtained once in the target cell)
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