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1 Introduction

This paper discusses a way to reduce the information required by the E-UTRAN system information broadcast. In particularly neighbour cell information is targeted impacting the use of neighbour cell lists for both UE based and network controlled handover.
It is proposed that the suggestion within this document is discussed as a possible way to increase the overall system throughput by reducing control signalling overhead from system information.
2 Discussion
If neighbour cell lists are used in a similar manner in E-UTRAN as in UTRAN, neighbour cell lists would be transmitted in the secondary system information portion (primary system information is not more than ~200 bits which is not enough).
Further, in UTRAN measurement related information and the neighbour cell list counts for a very large part of the total amount of information needed to be sent and late release CRs have even extended the possibility to include additional neighbours on system information ‎[2]. It is probable that a straight forward use of the principle with transmission of neighbour cell lists to the UE would result in a similar situation in E-UTRAN.
System information is repeatedly transmitted and is required to cover the entire cell resulting in that it consumes much of eNB power. Surely any reduction of system information would imply capacity savings that can be used for user data instead.

In the following section we discuss an alternative to reduce system information and the measurement control information sent to the UE by reducing neighbour cell information.
3 Complete removal of neighbour cell information?
The best case in the task of reducing neighbour cell information transmitted to the UE with system information would be to avoid sending any cell specific neighbour information at all.

In order to investigate this, neighbour cell information usage in UTRAN for the UE is evaluated.

First we could see that there are three main categories:

· Intra-frequency neighbours – i.e. when the neighbour cell center frequency falls within the UE reception bandwidth

· Inter-frequency neighbours – i.e. when the neighbour cell center frequency falls outside the UE reception bandwidth

· Inter-RAT neighbours – i.e. when the neighbour cell belongs to any radio technology not being the current used radio technology
Further the UE uses the neighbour cell list information differently in case it is UE based mobility or network controlled mobility.
The reason for the introduction of the neighbour cell list in UTRAN was in order to ease the burden on the UE looking for neighbours as candidate cells for re-selection/measurement reports. However, as outlined in the following sections one could ask if this is really the case.

It should be noted that there is a use of the neighbour list also in the network where a UE measurement report indicating a cell/scrambling code is translated into a Node-B/cell address within the network. This neighbour cell list has no direct relation with the neighbour cell list sent to the UE and is not discussed further in this document.
3.1 Intra-frequency neighbour cell list in UTRAN
3.1.1 Use of Intra-frequency neighbour cell list

In a one re-use system such as UTRAN (and also E-UTRAN) the UE cell search procedure finds cells on a specific band without prior knowledge about the cell identity (scrambling code). This is based on finding strong signals within the band currently received. In further steps the UE will determine the scrambling code of cells that it sees. That step is also part of the cell search.

When UE based mobility is used (RRC idle or CELL/URA_PCH) the UE reads the neighbour cell list from the current cells system information. If the UE finds a cell that is strong enough to be measured, the UE identifies the cell (scrambling code) and determine if it is an allowed cell to reselect
. Determining if the cell is allowed to be selected is done by comparing the cells scrambling code to the neighbour cell list on system information containing the list of candidate neighbours. If the cell exists on the neighbour cell list the UE applies potential parameterisation to the cell (dB offsets, hysteresis, and timers etc.) to verify if a re-selection to that cell should be performed.
It can be noted that in principle the use of the neighbour cell list in UE based mobility is only to verify that a cell is on the list before comparing it to the current cell. There is no need to have the list in order to see the neighbour cells. Finding the neighbour cells can be done without the neighbour cell list. However, in UTRAN several of the parameters used for UE based mobility are connected to the neighbour cell list.

When network controlled mobility is used (CELL_DCH) the UE gets neighbour cell list in dedicated measurement control messages. Also here parameters related to each cell may be included, in addition to parameters related to the specific measurement events configuring the UE measurement report triggers.
Similar as in the UE based mobility case, the UE continuously scan for neighbours when doing network based mobility. The scan is in principle done without aid from the neighbour cell list. However, when the UE finds a strong cell it checks whether it is a cell that should trigger a measurement report and also apply parameters related to that cell and event. Similar to UE based mobility, the UE do this check with the use of the neighbour cell list it has received from the network. After a measurement report is sent, it is up to the network (RNC) to command the UE to perform the handover.
Concluding, the intra-frequency neighbour cell list serves the following main purposes in UTRAN:
· Used by UE as "post verification" of already seen cells to determine if they are allowed as target cells for mobility (UE based or in measurement reports for NW based)
· Serves as place holder or pointer for neighbour cell specific mobility parameters

3.1.2 Consequence with no intra-frequency neighbour cell list

From the above, one could ask what the consequence would be if there was no neighbour cell list in UTRAN.
Based on the concluded main purpose the UE would in UE based mobility (RRC idle or CELL/URA_PCH), be allowed to select any neighbour (i.e. any of the 512 scrambling codes) as suitable target, since there is no "post verification" towards the neighbour cell list. For network controlled mobility the UE would be allowed to trigger measurement reports for any cell.
Trying to analyse if this would be a problem; In a one re-use system a property were the UE uses the strongest cell, independent of the fact that the cell is on a neighbour cell list is not really a bad property. I.e. in fact the UE should primarily use a cell that is the best cell based on radio properties. Otherwise the UE causes large interference. This is especially true for network controlled mobility since the UE is then actively transmitting and receiving. However, this also holds for UE based mobility since the UE might at any time start transmitting.
A drawback of removing the neighbour cell list in UTRAN would be the lack of the possibility to have neighbour cell specific parameters for mobility. However, a possibility to have a parameterisation with current cell compared to all other cells would be possible.
I.e. for UE based mobility different dB offsets, hysteresis and timers etc. would be possible to indicate on system information in order to parameterize the re-selection towards all other cells, not being the current cell. The set of parameters broadcasted can be different in different cells, so it is possible to have different re-selections based on in which cell the UE is located.

For network controlled mobility it will also be possible to have different parameters depending on in which cell the UE is. Also it will still be possible to have all the possibilities with measurement report trigger configuration possibilities that are present for events in UTRAN.
Again, in a one re-use system this drawback does not seem dramatic since if the UE is not comparing cells on equal basis, there will be large interference from this UE if it is "artificially" related to a radio comparison of the cells re-selects or is moved to the "wrong" cell.

Concluding, the consequence of not having an intra-frequency neighbour cell list in UTRAN would be

· All cells are allowed for mobility (UE based or in measurement reports for NW based) which is also preferable
· Some limitations on parameterisation per cell that are probably acceptable in a one re-use system
3.2 Inter-frequency neighbour cell list in UTRAN
3.2.1 Use of Inter-frequency neighbour cell list

In UTRAN the use of Inter-frequency neighbour cell list is very similar as for the intra-frequency neighbour cell list. There is a big difference though, for the inter-frequency cell list a carrier frequency is associated with each inter-frequency neighbour. The UE needs to tune to a frequency band that is not within its current reception bandwidth before it can start searching for cells. This holds for both UE based mobility and network controlled mobility.

However, when the UE knows to which frequency it should tune, it will do a similar cell search procedure as outlined in section ‎3.1.1 but on this other frequency. The UE will again find cells and then only afterwards compare them with the neighbour cell list, to see if the cell found should be considered.
Concluding, the inter-frequency neighbour cell list serves the following main purposes in UTRAN:
· Used by UE as an indication of which  frequency to tune to

· Used by UE as "post verification" of already seen cells to determine if they are allowed as target cells for mobility (UE based or in measurement reports for NW based)

· Serves as place holder or pointer for neighbour cell specific mobility parameters

3.2.2 Consequence with no inter-frequency neighbour cell list

For inter-frequency measurements it is assumed not possible to remove all the information sent related to pointing out neighbours completely. The UE still need to know the center frequency band for the search of neighbours. Otherwise the time spent looking in "empty" bands could be very time consuming and cause long interruptions for the ongoing use of the radio resources on the current cell and frequency. This is especially true since most UEs need to have DRX/DTX while switching from one frequency to another without loosing the connection.
Therefore, removing both the explicit list of cells and any cell specific parameters from the inter-frequency neighbour cell list, while keeping the frequencies pointing to a frequency where there are inter-frequency neighbours, seems possible. This would then result in similar consequences as removing the intra-frequency neighbour cell list in ‎3.1.2.

It can be noted that it might be interesting to keep a possibility with different sets of parameters (dB offsets, hysteresis, timers etc.) depending on the frequency the UE is comparing with the current frequency. This would give the possibility for hierarchical cell structures where some frequencies are preferred depending on different UE and cell characteristics.

3.3 Inter-RAT neighbour cell list in UTRAN

The use of the Inter-RAT neighbour cell list shares similarities with the inter-frequency neighbour cell list usage. The UE need to know the frequency used by the other RAT and need to tune to that frequency before it can perform any cell search activity.
However, if an explicit list of neighbours are needed or not, depend on the target technology, and it is difficult to make a general conclusion covering all potential inter-RAT technologies. However, it seems that also here the primary use of the neighbour list is to give the frequency, and that any detailed, per cell parameters, could be left out.

Consequences would then be that the UE would have to rely on the cell search that the target technology can provide, and that there will be no possibility to have parameterization per cell.
4 Conclusion on neighbour cell list use in E-UTRAN

The discussion in section ‎3 above is based on the use of intra-, inter-frequency and inter-RAT neighbour cell lists in UTRAN. The corresponding properties of E-UTRAN are however, in many respects assumed to be similar to those of UTRAN.
E-UTRAN is also a one re-use system where most UE mobility is done between cells where the target cell center frequency falls within the UE reception bandwidth. In E-UTRAN having a UE that uses a cell that is not "best" with a radio measure based criteria, would result in excessive interference from this UE towards the "best" cell.

Also it is assumed that the cell search will be both quick and not dependent on the fact that the UE have a known list of neighbours. Otherwise a UE doing power on would show poor performance connecting to the network.
For E-UTRAN the following basic principles for doing both UE based mobility and network controlled mobility are concluded
· No neighbour cell list information containing specific cell candidates are required to be sent to the UE
· For inter-frequency and inter-RAT mobility the frequency of cell candidates are required to be sent to the UE
5 Proposal
It is proposed that RAN2 discusses the possibilities to avoid sending explicit neighbour cell lists with candidate cells and that the proposal in section ‎4 above is taken as a first working assumption for E-UTRAN. If agreed, Ericsson will provide a detailed text proposal for TS 36.300‎[1].
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� There are also other restrictions selecting a cell, i.e. access restrictions, PLMN restrictions, LA restrictions etc.. However, in this document only the mobility related to radio conditions are considered.
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