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1 Introduction

At RAN2#85, RAN2 discussed based on [1] the problem of the existing limit of 128 band combinations in UE EUTRA capability signalling. In this document we discuss some further aspects, and we propose RAN2 to consider enhancements to the existing UE capability signalling, to limit the amount of signalled information.
2 Discussion

2.1 Does UE in existing signaling have to signal all supported band combinations explicitly?
In RAN2#85 it was confirmed that the UE “…shall include all supported single-band “band combinations” explicitly". But there seems to be some uncertainty related to multi-band combinations. In our understanding, a UE need to signal each band combination that it supports for carrier aggregation, and that these signalled band combinations are the only band combinations that can be used in CA operation. There is no “rule” e.g. “a UE indicating support of 3DL+1UL implicitly indicates support of all corresponding fallback 2DL+1UL combinations”.
Proposal 1 RAN2 to confirm that UE need to signal each band combination that it supports and UE/eNB can use for CA operation.
Proposal 2 Clarify, in accordance with Proposal 1, in 36.306 that UE has to signal each supported band combinations explicitly.

2.2 Solutions to existing limit of 128 band combinations
2.2.1 Background
As observed in [1], in the near future the number of band combinations will likely exceed the current maximum number of band combinations allowed in the RRC signalling today (128 entries). The number of band combinations is steadily growing, both by introducing new combinations of different bands, but also with the introduction of higher number of aggregated bands in downlink and uplink. The table below shows the total number of band combinations for some CA Band Combinations. 

	CA Band Combinations
	Total number of  band combinations

	3DL + 1 UL
	12

	4DL + 1 UL
	32

	5DL + 1 UL
	80


A straightforward solution is to simply extend the signalling to support a larger fixed number of band combinations, or even allow for an unlimited number of band combinations, but this would be at the cost of larger signal.
In our view, RAN2 should look for enhancements to the existing UE capability signalling not only to solve the existing limit on number of band combinations, but also look for means to limit the amount of information signalled in the radio interface (EUTRA, also UTRA), as well as stored in network nodes (eNB, MME, RNC). According to the existing UE capability signalling principles, UE should signal all its supported frequency bands and band combinations irrespective of where in the world the UE access a network. Since the deployment of frequency bands vary with different markets and operators, we expect that many UEs will have support for a large number of bands and CA band-combination in order to be able to be “usable” in multiple markets. Such a “global” UE will currently signal a lot of UE capability information (frequency band, frequency band combinations) that are of no use for the network the UE is accessing, and the information is a waste both in radio interface signalling and network node storage. 

One potential solution would be to require UE implementations to limit the signalled band-combination capability information based on information derived from e.g. PLMN, country code, or other SIB information. Such UE-implemented rules may be required as a short-term solution for the existing signalling limitation, but is in our view not a future-proof long-term solution.

A more long-term solution that also offers more flexibility would be that eNB indicates to UE a set of frequency bands that is used by the network operator, and in response UE provides all its supported frequency band combinations applicable for these frequency bands. In the next section, we discuss some further details on this solution.
2.2.2 Proposed Solution 
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Figure 5.6.3.1-1: UE capability transfer

A solution where eNB indicates a set of frequency band indicators to UE, and UE responds with all its supported band combinations of these bands would need the following changes to the existing UE capability signalling:

a) New IE RequestedFrequencyBands is added to UEcapabilityEnquiry message.
With this IE, eNB indicates to UE for which frequency bands eNB wants the UE to indicate its supported frequency band combinations.
In UECapabilityInformation message (IE supportedBandCombination), the UE will only include its supported band combinations for the bands that the eNB requested.

b) New IE RequestedFrequencyBands is added to the UE-EUTRA-Capability 
In this IE, UE indicates the same list of frequency bands indicators as received in the UEcapabilityEnquiry from the eNB. 

Since the UE capabilities is provided by Source eNB to Target eNB during handover preparation, this information can be used by the target eNB to decide if it should request the UE to provide its supported band combinations for another set of frequency bands. 

Since the UE capabilities are stored in MME and provided to an eNB next time UE enters RRC_Connected, this information can be used by the eNB to decide if it should request the UE to provide its supported band combinations for another set of frequency bands. 
It is evident that until a solution to the existing limit of 128 supported band combinations is supported by both UEs and eNBs, the existing signalling has to be used. This means e.g. that UE supporting more than 128 band combinations would have to limit its signalled number of band combinations when connection to an eNB that does not support the signalling enhancement.

With the solution proposed above for reducing the band-combination signalling, it is possible for both UE and eNB to understand whether the solution can be used or not, i.e. no other capability indicators are needed. 

· In case eNB does not support the solution, eNB will not include the RequestedFrequencyBands in UEcapabilityEnquiry message, and UE will follow “legacy” signalling principle.
· In case eNB supports the solution, but UE does not, UE will not include the IE RequestedFrequencyBands into the UE-EUTRA-Capability, and eNB understands that UE follows “legacy” signalling principle.
We ask RAN2 to consider the solution described above, and agree on the following proposals:
Proposal 3 RAN2 to agree on UE capability signaling enhancement proposed in this document

Proposal 4 RAN2 to agree to introduce the proposal in Rel-12
3 Conclusion

We ask RAN2 to consider the following proposals:

On existing band combination capability signalling:
Proposal 5 RAN2 to confirm that UE need to signal each band combination that it supports and UE/eNB can use for CA operation.
Proposal 6 Clarify, in accordance with Proposal 1, in 36.306 that UE has to signal each supported band combinations explicitly.


On Solution for UE-supported band combination signalling:
Proposal 7 RAN2 to agree on UE capability signalling enhancement proposed in this document

Proposal 8 RAN2 to agree to introduce the proposal in Rel-12
If agreed, Ericsson will provide the change requests needed.
4 References

[1] R2-140326, Extension of the maximum number of band combinations (source: Intel Corporation) 

3/3


_1267952517.doc


UE







EUTRAN











































UECapabilityEnquiry



























UECapabilityInformation












