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Discussion on EARFCN extension
1 Introduction
This document is a revision of GP-130716 with the addition of a new section 3 “Alternative way forward”.  
At GERAN#57 an LS was received from RAN2 on extension of E-UTRA band and EARFCN numbering space [1] and at GERAN#58 a discussion paper was seen, discussing and proposing a way forward how to support EARFCN extension in GERAN [2]. 
This discussion paper raises some issues on the EARFCN extension proposal as described in [2]. It also proposes an alternative way forward in section 3.

2 Discussion
E-UTRA operating bands are specified in 3GPP TS 36.101 [4] and until now 27 E-UTRA operating bands are defined for FDD mode and 12 bands for TDD mode, see table 2.1 below. FDD operating bands are highlighted in yellow and TDD operating bands in green.
	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.


Table 2.1: E-UTRA channel numbers
The decision in RAN2 to extend the value range of both number of bands and the number of EARFCN values now allows an extension from 64 to 256 operating bands. For LTE this is supported from Release-9 and for UMTS from Release-11 onwards but can be implemented by UEs from Release-8 in a release independent manner. Like unto the quadrupling of the number of operating bands, the EARFCN value range is increased from 65535 to 262143, i.e. an increase by a factor of 4 although the initial request from RAN4 to RAN2 in [3] only proposed an increase with factor 2.
The proposal in [2] suggest to not extend the EARFCN addressing space in GERAN but instead, whenever new E-UTRA operating bands are introduced, to use a local EARFCN mapping in the GERAN network between the BSS and the mobile stations that can make use of the unused uplink FDD EARFCNs (“Range of NUL“ in Table 2.1 above). The main benefit with this proposal is of course that the signalling between the network and the MS is not affected, changes that could be rather comprehensive (i.e. we would avoid increasing the actual size of EARFCNs that are signalled).
By re-using the uplink FDD EARFCN value range from 18000 to 27659, and the so far unused FDD EARFCN value range from 27660 to 35999, would give a total of 18000 EARFCN values to be used for local EARFCN mapping in GERAN.
Also, as indicated in [2], the EARFCN TDD range 46590 – 65535 is unused today and could therefore potentially be used for FDD extension support in GERAN. However, since this value range could be seen as reserved for future TDD extension (according to current approach used in RAN4 for allocating FDD and TDD bands, band numbers 45-63 are quite likely used only for TDD bands), it is not obvious this range can be used for FDD extension support in GERAN. 

Now considering the RAN2 decision to allow an EARFCN value range extension to 262143, i.e. an increase of factor 4, the proposal as in [2] would only give an extension factor of approximately 1.3 (65535+18000/65535).
Even comparing to the initial RAN4 request to RAN2 [3] of duplicating the number of E-UTRA operating bands, it is really doubtful if the proposal to make use of the unused uplink FDD EARFCNs is future proof enough.
A future scenario where all the uplink FDD EARFCN values have been used for new operating bands, hence the lack of free uplink FDD EARFCN values will force GERAN to extend the EARFCN value range at a later stage, should really be avoided.
RAN4 is defining 5-8 LTE bands every year on the average and the number of new bands is constantly increasing. Some of the existing bands have very large pass bands e.g. 3.5 GHz related bands like E-UTRA band 22, band 42, band 43 etc. It is therefore expected that not only a large number of new bands will be introduced in the future, but also some of them may be defined with a large pass band. It is therefore very probable that even with 18000 new EARFCNs that can be made available according to the proposal in [2], we will run out of available EARFCN values within a few years’ time.

Another important issue to consider, independent of the above, is the MS legacy behaviour when receiving an invalid EARFCN value (as e.g. an uplink FDD E-UTRA EARFCN value) when broadcast in system information messages. The assumption that all pre-Release-11 mobile stations will simply ignore an EARFCN value defined as an uplink FDD E-UTRA frequency without any unknown side effects in the MS can probably not be guaranteed.
Yet another issue to consider is how to specify the potential local EARFCN mapping in the GERAN spec(s) or in the RAN spec(s). Maintaining a mapping table in the GERAN spec(s) is not really a feasible alternative considering the additional work load (for RAN4 and GERAN) keeping the GERAN mapping table up to date whenever new E-UTRA operating bands are defined in TSG RAN. The alternative, to maintain a mapping table in the RAN spec 3GPP TS 36.104, is also not a straight forward solution since it will increase the future RAN4 work load whenever new E-UTRA operating bands are defined.
Also not to be overlooked, the increased complexity from local GERAN mapping of EARFCN values in the network and in the MS is a potential source for incorrect implementation in both the network and in the mobile stations. One such instance is when EARFCN values in the unused FDD EARFCN value range 27660 - 35999 are reused for some DL frequencies in a later band defined by RAN4. This would mean the local GERAN mapping has to be changed and surely the release versions between GSM and RAN might mismatch.
3 Alternative way forward

A potential solution to support EARFCN extension in GERAN is to extend the legacy 16 bit EARFCN field in System Information type 23 message (SI23) by 2 bits (thereby providing a quadrupling of the EARFCN value range) in a way that allows a multi-RAT capable MS that supports extended EARFCN value range in GERAN (i.e. 18 bit EARFCN values) to acquire E-UTRAN neighbor cell information from the SI23 message regardless if the MS supports Network Sharing or not.

A solution to support extended EARFCN value range in GERAN based on this change to SI23 (starting with Rel-11) would then have the following attributes:
· If the network supports Network Sharing and PLMN-specific inter-RAT mobility to E-UTRAN then SI23 will provide E-UTRAN neighbor cell information using 18 bit EARFCN values.
· If the network does not support Network Sharing but supports extended EARFCN value range then the content of SI23 will be limited to E-UTRAN neighbor cell information using 18 bit EARFCN values.
· If a multi-RAT capable MS supports extended EARFCN value range in GERAN and Network Sharing then it will acquire both UTRAN and E-UTRAN neighbor cell information (using 18 bit EARFCN values) from SI23.
· If a multi-RAT capable MS supports extended EARFCN value range in GERAN but not Network Sharing then it will acquire E-UTRAN neighbor cell information from SI23 if broadcasted by the network (using 18 bit EARFCN values) and UTRAN neighbor cell information from SI2quater/SI2ter.
For the case when the network supports extended EARFCN value range but not Network Sharing, the method by which a multi-RAT capable MS that supports extended EARFCN value range in GERAN discovers the presence of SI23 can be based on a reserved EARFCN value in SI2quater (e.g. EARFCN value 65535) that would not be understood by a legacy MS (i.e. an MS incapable of understanding extended EARFCN value range in GERAN) but would be understood to mean that SI23 is present by a multi-RAT capable MS that supports extended EARFCN value range in GERAN.
The impact to the Rel-11 Network Sharing feature as a result of this proposal is basically limited to (a) the EARFCN field in SI23 is changed to 18 bits and (b) the Network Sharing capable MS will need to support 18 bit EARFCN values.
In connected mode the network sends messages on SACCH, FACCH and PACCH that include 18 bit EARFCN values. For this reason a Rel-11 “Extended EARFCN support” bit needs to be included within CM3 and MS RAC IEs.
In case the network does not support Network Sharing and extended EARFCN value range, a multi-RAT capable MS that supports extended EARFCN value range in GERAN would behave as a legacy MS monitoring 16 bit EARFCN values from SI2quater.
4 Conclusions
Although the proposal in [2] seems to create enough capacity for new E-UTRA operating bands for the next coming years, the proposal is hardly future proof keeping in mind the agreed extension range in RAN2. As indicated in [1], RAN2 has extended the EARFCN value range with a factor 4 while the proposal in [2] will (only) extend the EARFCN value range with a factor of 1.3.
As discussed in section 2, there are also other potential issues with the proposal (e.g. potential MS legacy aspects and additional work load within TSG GERAN and RAN4) which requires further considerations.

Since the proposed EARFCN extension in [2] generates some concerns that can’t be overlooked, the sourcing companies would encourage GERAN to look into the other alternative as discussed in section 3, i.e. to extend the 16 bit EARFCN field in the SI23 message into an 18 bit field (beginning with Rel-11) so that a multi-RAT capable MS that supports extended EARFCN value range in GERAN is allowed to acquire E-UTRAN neighbor cell information from this message regardless if the MS supports Network Sharing or not.
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