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1 Introduction

In LS R4-113310 ‎[1] RAN4 indicates that in the specification of extended operating bands covering legacy bands, some roaming issues have been identified, i.e. a new band UE roaming into legacy overlapping bands and vise versa. Use the Band 26 covering legacy Bands 5, 18 and 19 which are currently under discussions as an example and the issues in particular are:

1.
a Band 26 UE roaming into a Band 5/18/19 network

a. requiring a Band 26 UE to be certified also for Band 5, 18 and 19 operation to circulate globally.

2.
the support of legacy Band 5/18/19 UEs on a Band 26 network

a. allowing roaming of UEs supporting only the subtending bands 5/18/19

b. keeping track of band capabilities so that a Band 5/18/19 UE is not assigned channels in non-overlapping parts of Band 26
These issues are relevant for any extended or overlapping bands for both E-UTRA and UTRA. RAN4’s understanding is that the above problems can be resolved by allowing more than one frequency band indicator per cell. This document looks into the identified problems and discusses the solutions for both E-UTRA and UTRA.
2 Background
2.1 Extended frequency bands

The figure below from TR 37.806 ‎[1] shows the proposed new Band 26 covering the existing Band 5 on 850MHz and the Band 18/19 introduced in Rel-9 for Japan. 


[image: image1]
Figure 1: extension of the general 850 MHz band (E850)
The other similar cases of overlapping operating bands are: 

· Band 25 overlapping with Band 2

· Band 3 overlapping with Band 9

· Band 41 overlapping with Band 38

The new band 26 is created by extending the existing Band 5 by 10 MHz to cover Band 5, 18 and 19 in a single duplexer to harmonize existing bands and to increase the amount of available spectrum in certain regions. A UE supporting the new band should be able to roam into the networks operating on the legacy bands. Depending on the frequency bands the legacy band UEs could also roam to a new band network and camp on the overlapping part of the new band.

Some examples are mentioned in LS R4-113310 ‎[1]:

Case 1: Band 26 UE roams into Band 5/18/19 network 
The Band 26 UE can indicate the support of Band 5/18/19 in its capability. Then the Band 26 UE will be able to roam into the Band 5/18/19 network. Normally a device is type approved for all the bands it supports. So a Band 26 UE needs to be certified to meet the Band 5/18/19 requirements. This causes extra testing requirements and negates the benefits of introducing the harmonised band. 
If the Band 5/18/19 network could also broadcast Band 26, the Band 26 UE will only need Type Approval for the Band 26 when roaming into the Band 5/18/19 network and thus testing requirements for the Band 26 UE could be relaxed. 

Case 2: support for Band 5/18/19 UE on Band 26 network

If there is a need to support roaming for the Band 5/18/19 UE on the overlapping part of Band 26, this requires the Band 26 network could also broadcast Band 5/18/19 in the SI.  
The network can broadcast only Band 26 on non-overlapping parts of Band 26 so that the Band 5/18/19 UE will not camp on the extension part. If there would be cells consisting of both overlapping part and non-overlapping part of Band 26, these cells would most likely only broadcast Band 26 so that the Band 5/18/19 UE will not be able to camp on the non-overlapping part. 
2.2 Current signalling of frequency band indicator
In LTE, only one frequency band indicator can be broadcast in SIB1. and according to 5.2.2.7 in 36.331, 

Upon receiving the SystemInformationBlockType1 message the UE shall:

1>
if the frequency band indicated in the freqBandIndicator is not part of the frequency bands supported by the UE:

2>
consider the cell as barred in accordance with TS 36.304 [4] and;

2>
perform barring as if intraFreqReselection is set to notAllowed, and as if the csg-Indication is set to FALSE;

For UTRAN, the frequency band indicator is broadcast in SIB5/5bis/6.
	Frequency band indicator
	Enumerated(Band I, Band II, Band III, Band IV, Band V, Band VI, Band VII, extension indicator)
	REL-6

	Frequency band indicator 2
	Enumerated(Band VIII, Band IX, Band X, Band XI, Band XII, Band XIII, Band XIV, Band XV, Band XVI, Band XVII, Band XVIII, Band XIX, Band XX, Band XXI, Band XXII, extension indicator)
	REL-6

	Frequency band indicator 3
	Enumerated (Band XXV)

With 63 spare values
	REL-10


And according to 25.331 , the network can choose to signal an operating frequency band using any one of the above three IEs.
3 Discussion
To support the roaming in the two cases as described above, there is a need to broadcast more than one FBI for a cell. Below discusses the detailed solutions for LTE and UTRA separately.
3.1 LTE resolution

Extension to SIB1 can be introduced in Rel-11 signalling to broadcast additional FBI. The existing field in SIB1 indicates the legacy band and the extension provides information about the extended band e.g. Band 26. To be more future proof there could be a list of additional frequency band indicators in the extension. Maximum 3 bands should be sufficient looking at the overlapping bands currently defined. Considering the two cases again, it implies that:
Case 1: Band 26 UE roams into Band 5/18/19 network

If Band 26 UE implemented in pre-Rel-11, the Band 26 UE needs to support the Band 5/18/19 in order to roam into the Band 5/18/19 network (no matter if the network support the extension in SIB1 or not). The Band 26 Rel-11 UE does not need to support the legacy bands when the band 5/18/19 network signals the extension in SIB1, which means a reduction of the certification effort.
Case 2: support for Band 5/18/19 UE on Band 26 network
If the Band 26 network only support pre-Rel-11 signalling, the Band 5/18/19 UE will not be able to roam into the Band 26 network since the Band 26 network will most likely broadcast Band 26 in SIB1 to allow the Band 26 UE in the network. The Band 26 network supporting Rel-11 signalling can broadcast the legacy Band 5 in SIB1 and indicate the Band 26 in the extension on the overlapping part of Band 26. The Band 18/19 UE supporting Band 5 will be able to roam into this Band 26 network. The network can indicate only Band 26 on the non-overlapping part of Band 26 so that the Band 5/18/19 UE will not be able to camp on the extension part of Band 26. 

For case 1, the Band 26 UE is able to read the BCCH on the Band 5/18/19 network by either supporting the legacy bands or assuming the Band 26 requirements can cover all necessary requirements of the legacy bands. The DL/UL-Bandwidth, UL-CarrierFreq and additionalSpectrumEmission are according to the legacy bands. 
For case 2, in the cells deployed on the overlapping part of Band 26, the legacy band is indicated in the existing FBI field and the new bands are signalled in the extension of SIB1. Then the DL/UL-Bandwidth, the UL-CarrierFreq and the additionalSpectrumEmission in the existing fields should be corresponding to the legacy band. If the default TX-RX frequency separation is not used, the network should be able to signal a different UL-CarrierFreq for different bands. This means there is a need to signal additional UL-CarrierFreq corresponding to the new band signalled in the extension of SIB1. Very likely new NS-signalling values will be defined for the new Band 26 for coexistence with other services. These will most likely not be defined for Band 5. Currently the NS_01 (0dB) is defined for Band 5. The Band 26 UE will be required to follow the NS values for Band 26. So there is a need to be able to signal the NS value of Band 26 in the extension of SIB2 since the existing field will signal the NS value for legacy band 5 in order to allow the Band 5 UE camping on the overlapping part. This assumes that the operator can allow legacy Band 5 UEs even if they can't understand the required (Band 26) NS value. For the non-overlapping part the network should indicate Band 26 in order to avoid the legacy band 5/18/19 UE to camp on the cells. Then the DL/UL-Bandwidth, UL-CarrierFreq and additionalSpectrumEmission are based on the Band 26. 
Based on the above discussions, it is proposed to:
Proposal 1 Introduce extension in SIB1 to be able to signal a list of (up to 3) additional frequency band indicators in a cell.
Proposal 2 Introduce extensions in SIB2 to be able to signal the UL-CarrierFreq and the additionalSpectrumEmission which are corresponding to the frequency bands indicated in the extension of SIB1.

3.2 UTRA resolution

The idle mode UEs will read the SIB5/5bis information and the connected mode UEs will read the SIB6 information. For the harmonised Band 26 example, only SIB5 and SIB6 are considered as SIB5bis is transmitted only when the cell is configured for Band IV or Band IX or Band X.
Similar to E-UTRA, the additional frequency band indicator can be added as an extension to SIB5/SIB6. To be more future proof, the extension could be a list of additional frequency band indicators. The network when including the additional frequency band indicators, will signal the legacy band in existing Frequency band indicator IE in SIB5/SIB6.  
Also in UTRA, there are additional requirements for UE to decode the SIB information when implementing the band in an earlier release due to multiple extension for the “Frequency Band Indicator” IE. For instance, a Rel-9 UE implementing Band XXV will have to read the REL-10 SIB5/SIB6 extension “Frequency Band Indicator 3”. This requirement can be extended in such a way that, a UE implementing superband i.e Band 26 in this case needs to decode the additional frequency band indicators list in the SIB5/SIB6 information. This will reduce the certification effort for both Pre-Rel-11 Band 26 UE and Rel-11 Band 26 UE as the Band 26 UE will understand the extention in the Band 5/19 network support Rel-11 signalling. 

If there is a need to support the Band 5/19 UE roaming to Band 26 network, The Band 26 network supporting Rel-11 signalling can broadcast the legacy Band 5 in SIB5/SIB6 and indicate the Band 26 in the SIB5/SIB6 extension on the overlapping part of Band 26. The Band 19 UE supporting Band 5 will be able to roam into the Band 26 network support Rel-11 signalling. The network can indicate only Band 26 on the non-overlapping part of Band 26 so that the Band 5/19 UE will not be able to camp on the extension part of Band 26.
Based on the above discussions, it is proposed to:

Proposal 3 Introduce extension in SIB5/6 to be able to signal a list of (up to 3) additional frequency band indicators in a cell
4 Conclusion

This document has discussed the signalling solution to be able to signal multiple frequency band indicators in a cell for both EUTRA and UTRA so that a UE implementing the harmonised band will be able to camp on the legacy bands network without being required to be certified for the legacy bands.  
For EUTRA, we propose the following:

Proposal 1
Introduce extension in SIB1 to be able to signal a list of (up to 3) additional frequency band indicators in a cell.
Proposal 2
Introduce extensions in SIB2 to be able to signal the UL-CarrierFreq and the additionalSpectrumEmission which are corresponding to the frequency bands indicated in the extension of SIB1.
and for UTRA:
Proposal 3
Introduce extension in SIB5/6 to be able to signal a list of (up to 3) additional frequency band indicators in a cell
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