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1
Introduction
In [1] and [2] it has been proposed that multiple band indicators can be sent from a single cell in order to support UEs with various band capabilities on overlapping bands, in response to the LS in [3] which also provides some further background.

In RAN2#75 it was confirmed that the solution should be backwards compatible with legacy devices. However, the existing proposals do not take into account the complications which may arise when considering mobility to cells supporting multiple bands especially in the case of legacy UEs.
2
Basic Problem
In [4] the question was asked to RAN4 on whether UARFCN and EARCN are unique in each band or whether there may be a case that the single ARFCN refers to the same frequency in different bands. 

In advance of the RAN4 response, we offer the following. 

For LTE and most UMTS cases the following is true: 
· Different UARFCN/EARFCN refers to same frequency (depending on band)

For UMTS Band V/VI case currently UE can assume based on MCC whether neighbour is band V or VI

· Same UARFCN refers to same frequency in different bands

Of course we should wait for RAN4 confirmation, but the remainder of the paper uses the assumption that the above 2 statements are true. In principle there can be further cases but we will assume they will not occur (for example if future bands used same ARFCN to refer to the different frequency, then the situation may be even worse)

In order to be able to reselect to the “multi-band cell” the UE needs to support the band indicated by the ARFCN signalled in the neighbour list of the currently camped cell. 

For the most common case, one proposal from the last meeting was to broadcast the same frequency multiple times, indicating the unique UARFCN/EARFCN used for a particular band. This way, in principle, different UE with different bands support would be provided with at least one supported ARFCN. However the implications of such a proposal are much deeper than they appear on the surface. 

Neighbour list size restriction: 

Currently for UMTS the UE is required to be able to measure on up to 2 frequencies other than the serving frequency. However the restriction is detailed in RRC specification which always uses UARFCN to denote the frequency. If there are 2 neighbouring frequencies indicated each with 3 bands, then that is potentially 6 neighbouring UARFCNs which need to be signalled. Furthermore, if it is possible for intra-frequency cells to support multiple bands – the NW may need to duplicate individual cell information. It is well known that the current system already experiences limitations due to the size restriction of 32 cells; therefore extending the list to support multiple bands is not practical.

For LTE the UE should be able to measure on up to 3 FDD and 3 TDD frequencies in addition to the serving frequency. A similar problem may occur, since the RRC specification refers to EARFCN to determine the neighbour frequency.

Impact to measurements and mobility procedures:
In addition to neighbour list size restriction, all of the measurements, measurement reporting and mobility procedures defined in RAN2 specifications refer to UARFCN/EARFCN. In RAN4 specifications carrier frequency is used. 

It’s our assumption that after entering connected mode, the NW should update the neighbour list to remove any unsupported EARFCN/UARFCN; otherwise it is unclear which of the ARFCN which correspond to a measured carrier frequency should be reported in the measurement report. 

· For that case the NW should be required to update neighbour list to avoid confusion. RRC procedure can be added to the specification for new UE but legacy UE cannot be addressed any other way

Even if we assume that the NW will take proper care of the connected mode neighbour list to remove unsupported ARFCNs, this cannot solve the problem in idle mode. It is unclear how a legacy UE will behave if it receives multiple ARFCNs which refer to the same carrier frequency, and how UE should respond to indications from L1 about carrier frequency measurements that belong to multiple ARFCNs stored in the neighbour list.
· Although RRC procedures could be updated (the impact may be extensive) to clarify all the cases where the same carrier frequency may be found to belong to multiple bands this case was never considered in legacy releases, since there was never a possibility to support multiple bands in a cell and the neighbouring cells would belong to only one of the potentially overlapping bands - therefore legacy UE behaviour cannot be guaranteed. This should be the most worrying point for all companies. As a minimum the implications on measurement and mobility procedures should be shown in detail. 
Special handling for UMTS bands V/VI.
In UMTS the UE can assume what band the referred to UARFCN in the neighbour list belongs to based on the MCC broadcast in the serving cell. However if it would then be possible for the cell to support multiple bands and/or indicate a different band in the legacy band IE then it is no longer clear what band the cell belongs to. 
· Reselection may fail – UE needs to acquire target cell SI to obtain the band information of the cell. 

· Impacts UE power consumption and may impact mobility reliability.

In order to address the potentially extensive problems with mobility to a multi-band cell we propose 

Proposal 1: In order to protect legacy UE behaviour the information signalled to legacy UEs remains untouched – UE can assume that the NW signals only the UARFCN/EARFCN associated with the band indicated in the legacy “band indicator” broadcast by the neighbouring cell. 

In order to support mobility for new UEs supporting the new “extended band indicators” the UE needs to support new asn1. The straightforward way to address this is to also signal for neighbouring cells/UARFCN/EARFCN the additional bands supported by the neighbours (in a non-critical extension), and this information can be taken into account for UEs supporting the multiple bands indicators without affecting the behaviour of legacy UEs. The new UE can then determine from the neighbour cells which bands are supported on the cell, and can remove those which are not supported from the neighbour list (and hence reselection and measurement evaluations) and in case of the need of prioritisation, has all of the necessary information prior to attempting to reselect the cell.
Proposal 2: In addition to a new IE broadcast by the serving multi-band cell as proposed in the references, introduce a new IE in the neighbour list for UMTS and LTE to indicate the additional bands supported by any neighbours supporting multiple bands.

One could argue that this adds some complexity to test, while the objective is to reduce signalling – however we believe the extra test effort is insignificant compared to the savings by not being required to do performance testing on each of the multiple bands, and is a small price to pay to keep our legacy systems safe. 

In addition, if such indicators are added in non-critical extensions, it should be possible to keep release independent new bands behaviour, and so a UE of any release should be able to implement the extensions.

Proposal 3: The multiple band indicator related asn1 should be provided in such a manner that it can be implemented by any release UE. 

4
Conclusion
In this paper we have highlighted a potentially serious issue with the proposals to introduce multiple bands support in a single cell, which not only complicates mobility procedures for the new UEs supporting multiple band indicators and has significant specification impact, but it also potentially endangers legacy system and UE behaviour. 
There is of course a simple solution which isolates changes to apply only to the new UEs and does not involve sending potentially conflicting information to legacy UEs. 
Proposal 1: In order to protect legacy UE behaviour the information signalled to legacy UEs remains untouched – UE can assume that the NW signals only the UARFCN/EARFCN associated with the band indicated in the legacy “band indicator” broadcast by the neighbouring cell. 

Proposal 2: In addition to a new IE broadcast by the serving multi-band cell as proposed in the references, introduce a new IE in the neighbour list for UMTS and LTE to indicate the additional bands supported by any neighbours supporting multiple bands.
Proposal 3: The multiple band indicator related asn1 should be provided in such a manner that it can be implemented by any release UE. 
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