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1 Introduction

Based on the LS [1] from RAN4, RAN2 discussed the support of multiple frequency bands at RAN2#75. The general principle of the signalling solution to support multiple frequency bands in a cell seems agreeable after the discussions in RAN2. While RAN2 is waiting for the reply LS from RAN4, we think it would be good to further clarify the details of the signalling support of multiple bands. So this document outlines the detailed changes for the signalling solution in EUTRA and UTRA RRC.   
2 Discussion
As discussed in [2], we foresee the following changes are needed in order to support multiple frequency bands in a cell. 
In System Information the existing frequency band information (frequency band indicator and the corresponding frequency information) will indicate the legacy band so that the legacy band UE would still be able to camp on the cell and any impacts on legacy mobiles can be avoided. Then non-critical extensions are used to introduce additional information associated with additional frequency bands that the cell also belongs to. It means a list of additional frequency band indicators and the frequency information i.e. UL-ARFCN value and additional spectrum emission (for EUTRA) corresponding to each of the additional frequency bands. 
RAN2 asked in the reply LS [3] what is a reasonable maximum number of frequency bands one cell can belong to and if there are any differences in the maximum number between EUTRA and UTRA. 
We think a reasonable maximum number of frequency bands one cell can belong to is 4 considering roaming in operating bands specified in Rel-10. Most of the LTE operating bands are also specified for UMTS, but not all, hence the maximum number may be smaller. However, the maximum number of equivalent bands may be larger than this if additional NS signalling is required for an existing frequency range meaning new frequency band indicators may be introduced. Thus we suggest to define the maximum number of additional frequency bands is 8 and this number can be aligned in both EUTRA and UTRA.
Proposal 1 Introduce extension in SIB1 (EUTRA) and SIB5/5bis/SIB6 (UTRA) to signal a list of (up to 8) additional frequency band indicators in a cell.

Proposal 2 Introduce extensions in SIB2 (EUTRA) to signal the UL-CarrierFreq and the additionalSpectrumEmission corresponding to each of the additonal  frequency bands indicated in the extension of SIB1 (EUTRA).

For the inter-frequency cell reselection information e.g. SIB5 in EUTRA one ARFCN value (dl-CarrierFreq) is signalled for the list of neighbour cells. On the overlapping part of multiple frequency bands, the inter-frequency neighbour cells may have different ARFCN values that correspond to each of the frequency bands. There are 3 options to indicate that the neighbour cells belong to multiple frequency bands. (Note that the existing ARFCN is kept and indicates ARFCN value of the legacy band which is indicated by the existing frequency band indicator in SI.)
Option 1: signal directly different ARFCN values. This is probably most straightforward solution. This approach should not cause any problems in UTRA where the UE can measure up to two inter frequencies since the legacy mobile would only understand the existing ARFCN signalled and the new band mobile would with the signalling solution discussed in this doc only understand the ARFCN value of the new frequency band.   
Option 2: signal the additional frequency band indicators. The UE needs to calculate the additional ARFCN values based on the formular FDL = FDL_low + 0.1(NDL – NOffs-DL) in 36.101 where FDL_low and NOffs-DL are based on the Table 5.7.3-1 in 36.101 for each of multiple frequency bands. A similar calculation is also needed for UTRA. 
Option 3: signal the ARFCN offset. The network provides the offset for each ARFCN value of multiple frequency bands and the UE calculates the additional ARFCNs from the existing ARFCN signalled in SI and the offsets.

Considering the signalling size required by Options 1-3, especially for the UTRA case Option 2 is suggested. But it is proposed that RAN2 discuss whether Option 2 is acceptable since some extra UE complexity is required. 
Proposal 3 Introduce extension in SIB5 (EUTRA) and SIB11/SIB11bis/SIB12 (UTRA) to indicate additional frequency band indicators that the list of neighbour cells belongs to. 

Any new band e.g. Band 26 mobiles should be able to also reselect to the inter-frequency neighbour cells that belong to the non-overlapping part e.g. outside of Band 5 range but still within Band 26 frequency range. Then a list of neighbour cells belonging to the non-overlapping part should be added in the inter-frequency cell reselection information. Only the new band UE should consider this list of neighbour cells at cell reselection. 
Proposal 4 Introduce extension in SIB5 (EUTRA) and SIB11/SIB11bis/SIB12 (UTRA) to signal a list of neighbour cells that belong to the extension part of additional frequency bands.

For connected mode we consider no changes are required. The network should configure the measurements and initiate the HO procedure based on the UE frequency band capability. The measurement reporting by the UE will only indicate the ARFCN value (carrierFreq) corresponding to the frequency band supported by the UE.  

3 Conclusion

In this document detailed changes are considered in the signalling support of multiple frequency bands. It is proposed to consider the following proposals. The corresponding CRs are provided in R2-116083 and R2-115911.
Proposal 1
Introduce extension in SIB1 (EUTRA) and SIB5/5bis/SIB6 (UTRA) to signal a list of (up to 8) additional frequency band indicators in a cell.
Proposal 2
Introduce extensions in SIB2 (EUTRA) to signal the UL-CarrierFreq and the additionalSpectrumEmission corresponding to each of the additonal  frequency bands indicated in the extension of SIB1 (EUTRA).
Proposal 3
Introduce extension in SIB5 (EUTRA) and SIB11/SIB11bis/SIB12 (UTRA) to indicate additional frequency band indicators that the list of neighbour cells belongs to.
Proposal 4
Introduce extension in SIB5 (EUTRA) and SIB11/SIB11bis/SIB12 (UTRA) to signal a list of neighbour cells that belong to the extension part of additional frequency bands.
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