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1   Introduction
Based on GERAN LS [1] [2], RAN2 discussed the handling of UE E-UTRAN capability in GERAN, and sent LS [3] [4] to GERAN separately.  At GERAN last meeting (GERAN2#57), they continued the discussion and recommended incomplete capability solution in their LS [5], asking RAN2 to evaluate whether it is acceptable. In this paper, we further discuss this aspect and share our view.
2   Discussion
2.1   The size of UE E-UTRAN capabilities
In [6], some analysis on the size of UE E-UTRAN capabilities was presented. Based on examples in [6], it was concluded in [6] that “the GERAN signaling limitations become crucial rather soon when rel-11 UEs reach the market”. As we analyzed in [7], the maximum size of the UE E-UTRAN capabilities is mainly related to how many bands/band combinations the UE can support. Considering the cost, we think that supporting many bands/bandcombinations is not realistic case, and will not happen in the next few years. Here we give the typical maximum configuration what we think is more realistic:
· RAT: 5 ;
· Total bands of inter RAT: 10;

· Total bands of LTE: 6;

· Total bandcombination of LTE: 4;

In case the UE can support all features, based on above RAT/bands/bandcombinations assumption, the size of UE E-UTRAN capabilities:

· Rel-11, the size is about 223 bytes;

· Rel-10, the size is about 204 bytes;

· Rel-9, the size is about 92 bytes;

The details of UE E-UTRAN capabilities are described in Table 2, in the Annex.
Observation:
 the maximum size of the UE E-UTRAN capabilities is unlikely to exceed the limitation in GERAN (251 bytes in CS and 255 bytes in PS) in the next few years. 

2.2   Potential solutions in GERAN
For the moment, three solutions are available in GERAN:
Alt1: As mentioned in [8], GERAN will not get the UE E-UTRAN capabilities in GERAN even if the UE E-UTRAN capabilities do not exceed the limitation of GERAN. Target eNB shall configure UE based on minimum capability (we need to define what minimum capability is). After HO, the eNB has to acquire the UE E-UTRAN capabilities. For MFBI case, the source BSC contains the LTE band/EARFCN used for HO in “HandoverPreparationInformation”.  
Alt2: As mentioned in [9], the source BSS indicates that no UE E-UTRAN capabilities are available in HO request message. The MSC forwards the indication to the new MME. The new MME acquires UE E-UTRAN capabilities from the old SGSN or the old MME and includes the UE E-UTRAN capabilities into HO Request message (S1-AP).
The problem for this solution is that maybe the new MME cannot get the UE E-UTRAN capabilities because of the limitation of GERAN PS. So it is not a complete solution.
Alt3: as mentioned [5], “the mobile in GERAN to send an incomplete E-UTRAN inter RAT handover information IE for the purpose of handover (for CS to PS SRVCC but also PS handover). The eNB would then after handover completion acquire the missing capabilities utilizing the UE Capability Enquiry procedure. 
Table 1: Comparison of different solutions
	Impacts
	Alt1
	Alt2
	Alt3

	UE
	No specification impact, but UE performance will be impacted upon HO because only minimum capability can be used;
	No specification impact. 
	Maybe no specification impact, but UE behaviour has to be updated in case the size of UE E-UTRAN capabilities exceeds the limitation of GERAN.

	eNB
	“Source adapts to target” principle is violated. 
The eNB has to acquire UE E-UTRAN capabilities even if the size of it does not exceed the limitation in GERAN. Signalling load is increased significantly.

	“Source adapts to target” principle may be violated.  
The eNB maybe needs to acquire UE E-UTRAN capabilities even if the size of it does not exceed the limitation in GERAN. Signalling load is increased significantly.

	“Source adapts to target” principle is obeyed. 
The eNB has to acquire UE E-UTRAN capabilities even if the size of it does not exceed the limitation in GERAN. Signalling load is increased significantly.


	BSC
	For MFBI case, BSC has to derive which E-UTRAN band the UE support, and add it as a new IE into “HandoverPreparationInformation”.


	BSC needs to tell CN that there are no UE E-UTRAN capabilities.

For MFBI case, some mechanisms are needed.
	No impact.

	CN
	No impact.
	Lots of impacts on CN nodes.
	No impact.


According to the analysis above, Alt2 is a kind of optimization of Alt1, but it is too complex and cannot solve the problem completely. 
Comparing Alt1 and Alt3, we slightly prefer Alt3. Both Alt1 and Alt3 will increase signalling load significantly because the eNB has to acquire UE E-UTRAN capabilities after HO even if the UE E-UTRAN capabilities do not exceed the GERAN limitation. As we analyzed in 2.1, in recent years the maximum size of the UE E-UTRAN capabilities is unlikely to exceed the limitation in GERAN, so these two solutions seem an overkill. Therefore we propose:
Proposal: if any solution is needed, the solution shall not request the eNB to acquire the UE E-UTRAN capabilities again after HO for the case the size of UE E-UTRAN capabilities does not exceed the limitation of GERAN.

3   Conclusion
In this paper, we analyzed possible size of UE E-UTRAN capabilities in Rel-11 and compared potential solutions for the case that the size of UE E-UTRAN capabilities exceeds the limitation of GERAN in the future. We have the following observation and proposal.
Observation:
 the maximum size of the UE E-UTRAN capabilities is unlikely to exceed the limitation in GERAN (251 bytes in CS and 255 bytes in PS) in the next few years. 

Proposal: if any solution is needed, the solution shall not request the eNB to acquire the UE E-UTRAN capabilities again after HO for the case the size of UE E-UTRAN capabilities does not exceed the limitation of GERAN.
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5   Annex
Table 2: Features we used to evaluate the size
	Features
	value

	Rel-8&9 features
	

	SupportedBandListEUTRA
	maxBands=6

	MeasParameters: BandListEUTRA: BandListEUTRA
	maxBands=6

	MeasParameters: BandListEUTRA: InterFreqBandList
	maxBands=6



	MeasParameters: BandListEUTRA: InterRAT-BandList
	maxBands=10



	IRAT-ParametersUTRA-FDD: SupportedBandListUTRA-FDD
	maxBands=2

	IRAT-ParametersUTRA-TDD128: SupportedBandListUTRA-TDD128
	maxBands=2

	IRAT-ParametersGERAN: SupportedBandListGERAN
	maxBands=2

	IRAT-ParametersCDMA2000-HRPD: SupportedBandListHRPD
	maxCDMA-BandClass =2

	IRAT-ParametersCDMA2000-1XRTT: SupportedBandList1XRTT
	maxCDMA-BandClass =2

	featureGroupIndicators
	

	PhyLayerParameters-v920
	

	IRAT-ParametersGERAN-v920
	

	IRAT-ParametersUTRA-v920
	

	IRAT-ParametersCDMA2000-1XRTT-v920
	

	deviceType-r9
	

	CSG-ProximityIndicationParameters-r9
	

	NeighCellSI-AcquisitionParameters-r9
	

	SON-Parameters-r9
	

	UE-EUTRA-Capability-v9a0-IEs :featureGroupIndRel9Add-r9
	

	UE-EUTRA-Capability-v9c0-IEs
	all

	UE-EUTRA-Capability-v9d0-IEs
	all

	Rel-10 features
	

	UE-EUTRA-Capability-v1020-IEs
	all

	UE-EUTRA-Capability-v1020-IEs: RF-Parameters-v1020: SupportedBandCombination-r10
	maxBandComb-r10=10

6: maxSimultaneousBands-r10=1

4: maxSimultaneousBands-r10=2

	MeasParameters-v1020: BandCombinationListEUTRA-r10
	maxBandComb-r10=10

inter freq: maxBands=6

inter rat : maxBands=10

	UE-EUTRA-Capability-v1060-IEs: RF-Parameters-v1060: SupportedBandCombinationExt-r10
	maxBandComb-r10=10



	Rel-11 features
	

	UE-EUTRA-Capability-v1130-IEs: 
	all

	UE-EUTRA-Capability-v1130-IEs: RF-Parameters-v1130: SupportedBandCombination-v1130
	maxBandComb-r10=10

6: no MTA

4: MTA


NOTE:
The features we listed above are all optional features or the feature which size can be different based on the setting. Extended band/EARFCN and FDD/TDD difference are not counted.
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