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1
Introduction
RAN4 received an LS from GERAN WG2 in [1] at RAN4#68bis informing on the different approaches under consideration on relation to the extension of E-UTRA band numbers and EARFCN numbering space. The following proposals were listed: 
· Approach 1: Local mapping of EARFCN values in the extended range (> 65535) to 16-bit encoded EARFCN code points in GERAN.
· Approach 2: Non-backwards compatible extensions to add (17/)18-bit EARFCNs. 

· Approach 3: Transition via an E-UTRA layer.

A recommendation from RAN4 on a specific approach was sought by GERAN WG2.

In [2], it was proposed to endorse approach 1 to GERAN WG2 as this would increase the number of available EARFCN without requiring any signalling modification in GERAN. The proposal was resubmitted in [3]. On the other hand, an analysis in [4] of the different alternatives concluded that approach 1 is only a temporary solution while an eventual increase of the legacy 16-bit EARFCN according to approach 2 may anyway be needed in the future. 

GERAN WG2 has not further discussed the EARFCN extension since the LS was sent to RAN4. However, other discussions within the WG (as later described in section 2.2) may impact the decision on this issue.

In this contribution, we further analyze Approach 1 and 2 from a radio and a network perspective and give an update on the recent agreements in GERAN WG2 which may affect the decision on the EARFCN extension.
Note that Approach 3 is not considered in this contribution since no interest has been shown for this alternative in RAN4.

2
Discussion 

2.1
The “EARFCN consumption speed” to be addressed by RAN4
The “EARFCN consumption speed” was considered in [3]. It was shown that from the 2008 December version of the 3GPP specifications until the 2013 September version of the specs, a bit less than 23% of the 16-bit EARFCN numbering has been consumed.  Extrapolation was made to “predict” the number of years on which the EARFCN extension would be imminent. 
The amount of operating bands in 3GPP may differ from year to year and the bands may have very different passband. Thus, a prediction on the number of years for which approach 1 will be sufficient is not easy to assess. As an example, we can look at 3GPP 36.101 v8.3.0 (Sept 2008) and 36.101 v9.1.0 (Sept 2009). Two additional FDD operating bands, Band 18 and 19, appear in the 2009 compared to the 2008 version. Each of these bands is 2x15MHz wide. Now, we can also compare 36.101 v10.0.0 (October 2010) and 36.101 v10.4.0 (Sept 2011). The latter includes the FDD Band 22, 23, 24, 25 and TDD Band 42 and 43 compared to the 2010 version of the specifications. Each of the TDD bands is 200MHz wide, while the FDD bands are 2x80MHz, 2x20MHz, 2x34MHz and 2x65MHz, respectively. 
Looking towards the future, additional spectrum for IMT use is an important item for discussions in different countries. As an example, The FCC has been directed to develop a national broadband plan and they will clear 300MHz in the next five years [7]. Another example is the efforts that different countries are doing to enable deployment of 3GPP systems in spectrum not originally for these technologies.
The decision to allow deployment of LTE technology in different countries leads to the specification of new bands in 3GPP. However, this decision is not under 3GPP responsibility. Thus, it is very difficult to “predict” how much spectrum (and how many new bands or EARFCN numbers) RAN4 will be allocating in the near (and far) future.
2.2
Network considerations outside the RAN4 scope 

A Multiple Frequency Band Indicator (MFBI) solution has been agreed at GERAN#61 in which the BSS sends the MS reported EARFCN to the eNB in the handover preparation message [5]. The EARFCN needs to be sent to the eNB since no E-UTRA capability information is transferred from GERAN to E-UTRAN during the handover procedure. The transferred EARFCN thus represents an operating band supported by the MS.
Figure 2.2-1 below describes how the MS reports an E-UTRA cell and  the supported operating band of that cell when the neighbour E-UTRA cell operates in multiple frequency band mode, and how the BSS informs the eNB of the MS-supported frequency band in the target cell. 





Figure 2.2-1: HO procedure between GERAN and E-UTRA when MFBI is supported in both RATs
2.2.1
Approach 1 considerations
In case GERAN is implementing the EARFCN extension proposal according to approach 1, a mapping function needs to be implemented both in the MS and in the BSS or alternatively in the MS and in the eNB according to one of the following options: 
1.   the BSS maps the EARFCN 16-bit value reported by the MS to the (17/)18-bit EARFCN value understood by the eNB before sending the EARFCN to the eNB in the handover preparation message, or

2.   the BSS sends the mapped EARFCN 16-bit value to the eNB in the handover preparation message and the eNB performs the translation to a (17/)18-bit EARFCN value.

Note that EARFCN 16-bit value refers to the mapped EARFCN according to approach 1.
Now since the handover preparation message is already prepared for sending of 18-bit EARFCN values (ref TS 36.331, ue-SupportedEARFCN IE in the HandoverPreparationInformation message) following the signalling principle of “source adapts to target”, the option to implement a mapping function in the eNB as in the second bullet above seems not to be justified.

The above leaves the first option (mapping table in the BSS) as the most probable solution. 
However, it shall be observed that the agreement and mechanism for MFBI-support in GERAN was reached after the LS [1] was sent from GERAN WG2 to RAN4, thus a potential mapping table in the BSS (option 1 above) can be considered as a new BSS requirement not being discussed in GERAN.
2.2.2
Approach 2 considerations

If instead an EARFCN extension solution according to approach 2 is implemented in GERAN, then the (17/)18-bit EARFCN reported by the MS to the BSS in the measurement report, can be sent directly from the BSS to the eNB in the handover preparation message without any need for a mapping function in the MS, BSS or in the eNB.
3
Conclusion 
An accurate prediction of the EARFCN consumption speed is not possible as we have seen in chapter 2.1. Therefore, the amount of time for which approach 1 would be valid, if implemented, cannot be ensured. This suggests that approach 2 is more suitable in the view of implementing a future-proof solution.

The agreement of MFBI support in GERAN creates a new scenario that involves signalling of EARFCN from BSS to eNB in the handover preparation message. In this case, regardless if GERAN implements an EARFCN extension solution according to approach 1 or approach 2, the BSS needs to signal (17/)18-bit EARFCN in the handover preparation message if impact to eNB is to be avoided. 
Irrespective of which EARFCN extension proposal (approach 1 or approach 2) is preferred from a “EARFCN consumption speed” perspective , the impact to the network (in respect to complexity and implementation aspects) will be substantially different depending on which of the two EARFCN extension proposals is chosen.
Considering the responsibility area of RAN4, a recommendation on the EARFCN extension issue in GERAN can only be given from an EARFCN consumption speed perspective. This seems difficult to predict as we follow regulatory decisions on allocation of new spectrum for LTE usage. 
Discussions in relation with the approach to be implemented by GERAN should continue in the GERAN WG2, where the network perspective can be considered. 

An LS to GERAN WG2 is included in [6].
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2: Measurement report referring to the PCID and the supported DL EARFCN (operating band) of a neighbor cell.








3: BSS includes the MS reported DL EARFCN as the ue-SupportedEARFCN IE in the HandoverPreparationInformation message (TS 36.331).
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1: Measurement request containing a list of DL EARFCNs, each DL EARFCN representing an operating band operated by one or more E-UTRA neighbor cells.





4: eNB includes the DL EARFCN of the MS-supported operating band in the Handover Command message.
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