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1. Introduction
In System Information Block Type 5 and Type 5bis, there is an IE indicating the band to which the cell belongs. In this document we discuss some issues with inter-band mobility and the reliance on this band indicator. The discussion includes inter-band mobility in Idle, PCH and DCH states.

During the analysis a problem was also found with two currently existing bands.

2. Discussion

The Band indicator in SIB5 was introduced to prevent incorrect selection/re-selection of cells belonging to bands the UE does not support.

In addition, Bands I and IV have the same DL frequency. This means legacy UEs (not supporting Band IV) are not be able to avoid reselections to Band IV cells. As a solution, SIB5bis (applicable only to Band IV) was introduced.

In this analysis, we discuss the inter-band mobility in Idle and PCH states separately from the DCH mobility. Although examples are given with currently existing bands, the problems are analysed from a general perspective considering forwards compatibility.

Idle and PCH states are refered to as idle-like mobility or states (i.e. no dedicate physical channel allocated to the UE). Bands with the same DL frequency are referred to in this document as interfering bands.

2.1 Idle-like mobility

Once the UE is camped on a cell of a Band it supports, there can be several neighbour cells indicated in SIB11 belonging to other bands. As part of normal reselection procedures, the UE has to be able to tell whether the band of a neighbouring cell is supported before reselecting to it.

Generally, inter-band mobility implies inter-frequency mobility. This means that the UE will check the DL UARFCN of the neighbouring cells and decide which cells belong to the bands it supports and measure them. All other cells will be excluded.

However, some bands (e.g. Band I – IV, or Band V – VI) have the same DL frequency. Therefore, the UE is not able to rely only on DL frequency information to decide the bands of the neighbouring cells.

Under these conditions, the UE will still measure the cells in the band(s) it does not support, evaluate them for reselection purposes and only when reading the System Information of the target cell, detect that it cannot reselect to it and go back to the previous cell.

These incorrect measurements and reselection attempts will happen continuously, leading to wasted battery drainage. In addition, the constant false reselections will cause loss of paging.

There could be two potential solutions, as described below:

Option A – Usage of UL UARFCN

We could rely on the usage of UARFCN. However, this would have the following drawbacks:

· It’s not clear in the specification that UL-UARFCN IE should be included in neighbouring cell information

· The UL-UARFCN will consume 11 bits of system information

· It’s unlikely that legacy networks will include this information and will suffer with UE performance when future bands are deployed (e.g. deployment of Band IV would affect UE performance in networks only having Band I)

· Solution is not forwards compatible

Option B – Usage of interfering band indicator
Another option would be to include a band indicator to neighbouring cell information.

To avoid consuming unnecessary space in system information, the information could be compressed with a specific IE and a set of rules:

1) A 3 bit field is introduced, value ‘111’ is reserved for future extension.

2) The values are only taken when a Band is introduced where the DL frequency is the same as the DL of a previously existing band (e.g. value ‘000’ is used for Band IV). All other values are spares.

3) If the IE is present for one neighbouring cell in SIB11, that cell and all subsequent cells belong to the indicated band. All previous cells belong to the previously indicated band (or serving cell band if IE was not present)

4) If the IE is not present for a neighbouring cell in SIB11, that cell belongs to the previously indicated band, or band of the serving cell is no band was indicated

The advantages of this solution are:

· Fewer bits consumed in system information compared to solution A.

· It becomes clear in the specification what IEs should be set when introducing new bands

· The solution is forwards compatible (e.g. future band is introduced with same DL and UL as a previously existing band

The drawbacks of this solution are:

· It is not clear if this new IE would be used by UTRANs supporting already existing bands.

Proposal: Introduce an interfering band indicator to the system information for the neighbouring cells as described above. It is also proposed to discuss alternative workarounds for already existing bands, which will not use this indicator.

2.2 Mobility in CELL_DCH

The mobility in CELL_DCH is under control of the UTRAN. All measurement configurations and handovers are based on the UE capabilities reporting during the connection setup procedure. Therefore, it is safe to assume that handovers to non-supported bands will never be performed.

When the UE receives a reconfiguration message, it is able to identify the band to which the target cell belongs to by the DL UARFCN. However, this is not sufficient information when the UE supports bands with the same DL frequency but different channel spacing.

The existing solution relies on including also the UL UARFCN, so that the UE can determine the band of the target cell. This has some problems:

· The RNC is not aware of previous handovers, therefore as soon as a new interfering band is deployed in one area the operator needs to upgrade its network to include also the UL UARFCN (e.g. Band IV is deployed in one area, but a much larger area without Band IV will also need to include UL UARFCN)

· The operators in areas where the interfering bands are not deployed cannot guarantee how UEs supporting multiple bands will behave (e.g. an operator only supporting Band I, may also start to see problems in its network either with roaming UEs or its own UEs that support both Band I and Band IV).

· Some bands have the same DL frequency and channel spacing. However, they may have different RF requirements (e.g. Bands V and Band VI have different requirements for spurious emissions). Therefore, the UE cannot fully control its transmission according to the requirements.

Two possible solutions for the problems highlighted above are:

Option A – Implicit Rules

The presence of the UL UARFCN could be used to determine the band the UE is being handed over to. If the UL UARFCN is present, the UE assumes a reconfiguration to the most recent (highest) band. If the UL UARFCN is not present, the UE assumes a reconfiguration to the lowest (oldest) band.

Example: If UL UARFCN is not present, the UE assumes a handover to Band I.

This however, has some drawbacks:

· UEs destined to specific operators cannot be simplified in rules, and UTRANs will also need to implement these rules (i.e. no simplification possibility).

· The rule is not obvious to all UE/UTRAN vendors. It can easily be missed when introducing new bands and implementations may not take this into account.

· It’s not forwards compatible in case a 3rd interfering band (in both DL and UL) is introduced (e.g. introduction of Band X where DL/UL frequency is the same as Bands V and Band VI).

Option B – Band indicator

We could use the current band indicator existing in system information. However, for space saving (also considering the Handover to UTRAN command message), we could use the same indicator as suggested in the Idle-like mobility section of this document (2.1).

This band indicator would be introduced in all reconfiguration and Handover to UTRAN command messages and would rely on the following rules:

1) A 3bit mandatory default IE is introduced in the relevant messages. Value ‘111’ is reserved for future extension.

2) The default value is ‘lowest value existing band with the indicated DL UARFCN’ (e.g. if field is not present and DL frequency could be either Band I or IV, assume Band I)

3) The values are only taken when a Band is introduced where the DL frequency is the same as the DL of a previously existing band (e.g. value ‘000’ is used for Band IV). All other values are spares.

This solution has the main drawback of not being able to guarantee implementation of this late CR for the existing bands. This would mean (yet another) reconfiguration combination implemented by the UE that may not be used in all UTRANs for Bands I-VI. However, if the IE is used consistently from Band VI onwards these effects are mitigated.

Proposal: Introduce a set of implicit rules for existing bands (option A) and introduce the IE in the reconfiguration messages for any future use (option B).

2.3 Implicit rule for Band V/VI

In sub-clause 6.1.1.6.5 of TS 25.331, there is a set of rules that determine the UE behaviour with regards to barring a cell on an unsupported band. However, the rules do not specify the UE behaviour with regards to Band V and Band VI.

Proposal: Add a rule describing the UE behaviour if the DL frequency implicitly indicates either Band V or Band VI, but the Band Indicator IE is not included.

Proposal

Based on the discussion above, it is shown that inter-band mobility has some problems in the current specification. Although some of the issues shown can be mitigated with workarounds, it would be better to adopt a clean solution that will prevent forward compatibility problems when new bands are introduced.

It is proposed to:

· Introduce a set of implicit rules for the existing bands when the DL UARFCN is received in reconfiguration and Handover to UTRAN messages.

· Add an interfering band indicator to these messages as well as to the neighbouring cell information in system information.

· Discuss if there are any workarounds for the existing bands where this indicator would not be available.

· Add a set of rules to distinguish Band V and Band VI when the Band Indicator is not present in SIB5.

If this proposal is agreed, Nokia will create all necessary CRs to the specification.
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