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Implications of Blacklists or Whitelists for GERAN / E-UTRAN Interworking 
1 Introduction

This paper provides an overview of the impact on GERAN / E-UTRAN inter-working of using whitelists or blacklists with respect to the different methods of inter-RAT mobility.  
RAN2 have defined the use of blacklists for intra-E-UTRAN mobility (and for inter-RAT mobility from E-UTRAN to GERAN and UTRAN to E-UTRAN) and are asking GERAN to consider the same approach for interworking between GERAN and E-UTRAN as seen in [2.].
However, there are a number of issues that must be considered in GERAN when deciding on the best way forward.  These are highlighted in the following sections.  
2 System Information – Neighbour Cell Lists
One of the main arguments within E-UTRAN (see for example [3.]) for using blacklists rather than whitelists is the reduction in size of system information and the consequent reduction in eNodeB power (as system information is sent at maximum power to reach the whole cell).  
These considerations are not so relevant in the case of GERAN.  In [1.] it has been shown that it is possible to extend the existing (P)SI messages to cater for an E-UTRAN whitelist without introducing any new messages.  The number of instances of the relevant (P)SI messages needed to support a combined (GERAN, UTRAN and E-UTRAN) neighbour cell list of up to 128 entries has been calculated to be 9 or 10 (depending on message type).  This is well within the current maximum number of instances of 16 allowed and will not consume significant extra bandwidth.  
The main impact of an increased length of the Neighbour Cell List (NCL) will be the increased time to acquire the (P)SI information.  However, some optimisations may be possible to reduce the impact on mobiles.  

3 Measurement Reporting
An important consideration in GERAN is the measurement reporting procedure and the limited signalling bandwidth available.  
Currently within GERAN, a measurement report is sent by the MS to the network every reporting period and must fit into one RLC/MAC control block.  In order to achieve this, the PACKET ENHANCED MEASUREMENT REPORT and the ENHANCED MEASUREMENT REPORT messages utilise a bitmap structure with a single bit position corresponding to an index in the NCL.  If there is a measurement to report a 6 bit “REPORTING_QUANTITY” is provided.  
Using this indirect structure means that there is no need to explicitly provide frequency or cell ID information in the reporting message.  

In the case of whitelists this approach can be easily extended (as is the case for UTRAN) although some optimisation of the message structure may be needed for large NCLs.  

In the case of blacklists this indirect approach cannot be used and either a new message or at least a significant release-8 modification to the existing messages must be used.  Each E-UTRAN neighbour cell to be reported will need the following information:

· Identification of mode (TDD/FDD) – 1 bit

· Reference to frequency (assume indirect reference to maximum of 8 frequencies/mode) – 3 bits
· Physical Layer Cell ID (PLCID) – 9 bits

· Reporting Quantity – 6 bits

This means that for every E-UTRAN neighbour to be reported at least 19 bits are required compared with 6 bits for the whitelist approach (although the bitmap grows with size of NCL).  However, in E-UTRAN reporting there is no need for the bitmap which will help to some extent.  
This will limit the number of E-UTRAN neighbours that can be reported and will put further pressure on optimising these messages to ensure that a sufficient number of GERAN neighbour cells can be reported in each message.  
4 Cell Reselection

We consider the MS controlled cell reselection (autonomous) and the network controlled cell reselection separately as different considerations apply.  

4.1 Autonomous Cell reselection

In the case of autonomous cell reselection (e.g. in NC0) the mobile has no assistance in making the cell reselection decision apart from any neighbour cell information provided by (P)SI messages.  

In this case there is little difference between the whitelist and blacklist approaches except in the amount of neighbour cell information that needs to be configured and received in (P)SI messages.  In this case the blacklist approach has some advantages in terms of reducing the size of the broadcast information in GERAN.  
4.2 Network Controlled Cell Reselection

Network controlled cell reselection is (e.g. NC1 and NC2) requires the MS to provide measurement reports to the network in both packet idle and packet transfer modes.  Hence the considerations in section 3 apply regarding measurement reports.  
If the network has no knowledge of the neighbour cells (this information is not configured in the network) then it is unable to make intelligent decisions on steering traffic to particular cells.  
In the case of a blacklist it is not possible for the network to provide neighbour cell specific parameters such as measurement parameters to the MS prior to the cell reselection.  Also cell specific prioritisation information, such as the REPORTING_PRIORITY currently used for both GERAN and UTRAN neighbours, cannot be provided per cell.  It would however be possible to provide this information per frequency.  
5 PS Handover

Reading the global cell id (or any other parameter contained in the system information) of an E-UTRAN cell by an MS whilst it is attached to GERAN has been considered to be too disruptive to ongoing GERAN services and hence the current working assumption in GERAN is that only the PLCID and frequency are detected and reported.  
However, an inter-RAT handover requires the Target eNodeB ID to be included in the PS Handover Required message to the source SGSN (see TS 23.401).  In fact this is the general case for handover that the source BSS (or equivalent) must map the physical layer identifier (BSIC/scrambling code/PLCID) to a unique eNodeB ID for handover purposes.  

There is therefore a requirement for the RAN (BSSs) to be configured with this mapping information whether it is created manually via O&M or automatically.  

Configuring whitelists would need to be carried out on a per cell basis and is thus a further refinement of the network configuration information in this case.  

6 Conclusions

When considering the impacts of a whitelist or blacklist approach to distributing neighbour cell information we have highlighted the following considerations:
· A whitelist approach will generate more (P)SI information but it has been shown that GERAN can support the required increase. 
· A blacklist approach requires significant changes to the measurement reporting messages and may limit the number of cells that can be reported.  
· Blacklists have some advantages for mobile controlled autonomous cell reselection. 
· Network controlled cell reselection with blacklists precludes the possibility to prioritise E-UTRAN cells and provide neighbour cell specific information such as measurement parameters.  
· If PS Handover is supported there is a need to configure cell mapping information in the network in any case. 
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