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1 Scope

This document is the description of the  implementation of the new GERAN work task ‘Enhanced Cell Reselection’ belonging to the building block named ‘Gb Enhancements’. The document also outlines the changes and additions to the current specifications.

This work is part of the R4 Work Item “GERAN Improvements 2” for which Ingemar Backlund of Ericsson Radio Systems is rapporteur. This work item is supported by Vodafone, Telia, Nokia, Motorola and Ericsson. It is due for completion at TSG GERAN #3.

2 References

2.1 References

[1] 3GPP 41.004: "Digital cellular telecommunications system (Phase 2+); Abbreviations and acronyms".

[2] 3GPP 24.008: "3rd Generation Partnership Project; Technical Specification: "  Mobile radio interface layer 3 specification, Core Network Protocols-Stage 3".

[3] 3GPP 44.018: "3rd Generation Partnership Project; Technical Specification: " Digital cellular telecommunications system (Phase 2+); Mobile radio interface layer 3 specification, Radio Resource Control Protocol".

[4] 3GPP 44.060: "3rd Generation Partnership Project; Technical Specification  "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); Mobile Station (MS) - Base Station System (BSS) interface; Radio Link Control/ Medium Access Control (RLC/MAC) protocol".

[5] 3GPP 45.008: "3rd Generation Partnership Project; Technical Specification: "Digital cellular telecommunications system (Phase 2+); Radio subsystem link control".

[6] 3GPP 43.064: "3rd Generation Partnership Project; Technical Specification : "Digital cellular telecommunications system (Phase 2+); “General Packet Radio Service (GPRS); Overall description of the GPRS radio interface; Stage 2".

2.2 Definitions

CCN enabled 

CCN is enabled in the MS when the following criteria are fulfilled

· Both the network and the MS support CCN. The network may either indicate support for CCN in system information or individually order the MS to use CCN;

· The MS has no dedicated connection established;

· The MS is in NC0 or in NC1 mode and

· The MS is in Packet Transfer mode.

CCN mode 

An MS with CCN enabled enters  CCN mode after sending a Packet Cell Change Notification message and leaves  CCN mode when either the timer T3206 has expired or the TBF is released or the network has responded with a PACKET CELL CHANGE CONTINUE or PACKET CELL CHANGE ORDER message or the C1 criteria is no longer fulfilled.

2.3 Abbreviations

NC
Network Control

CCN
Cell Change Notification

Other abbreviations used in this document are listed in 3G 41.004 [1].

3 Introduction

3.1 Motivation

A pre-R4 GPRS/EDGE mobile station shall in modes NC0 and NC1 perform cell reselection purely based on neighbour cell measurements and independent of if an ongoing packet transfer has to be interrupted or not. The cell change is performed without notifying the network. The MS is then not allowed to make random access in order to restart the data transfer in the new cell until a consistent set of system information for that cell has been correctly received.

If the MS is trying to collect the target cell system information before the cell change, the MS may loose downlink data which then has to be retransmitted in the new cell. If on the other hand the system information is collected after entering the target cell, the MS must first synchronise to the system information broadcast cycle and then collect the required system information before starting to re-establish the data transfer.  In both cases the MS will lose a certain amount of time and downlink data when collecting the system information. There is also a risk that one or more RLC SDUs have to be completely retransmitted in the new cell as the cell change can be performed anytime during an ongoing transfer.

For these reasons this document outlines methods to reduce the service outage time from a couple of seconds down to 300-700ms for an MS in packet transfer mode by giving the network a possibility to assist the MS before and during the cell change. The assistance is given both as broadcasting of neighbour cell system information and with introduction of new procedures.
As a complement to NC0 and NC1, a new mode called Cell Change Notification (CCN) is introduced. In this new mode the MS shall report to the network when a new better cell is found. The MS may, within the cell change procedure, receive from the network missing system information for the proposed cell in a controlled way. The network may then ask the MS to continue with the cell change or order the MS to perform the cell change. The cell change can through the CCN mode be performed without losing any user data blocks as the MS may be demanded to perform the cell change only when complete data blocks have been transferred.

3.2 Concept 

The proposal consists of mainly two parts

· One part that can assist an MS in packet transfer mode with neighbour cell system information required for initial packet access after a cell change; 

· One part which introduces a CCN mode.
· 
3.2.1 CCN characteristics

CCN is characterised by:

· Support for CCN is mandatoryl for the mobile station. The support for CCN implies also that it is mandatory for the mobile stationto support Packet PSI Status;

· Support for CCN is optional for the network. Network support of CCN shall be broadcast on BCCH and PBCCH. If the network supports CCN, it is mandatory for the network also to support Packet PSI Status;

· CCN is only valid within the cell where CCN has been indicated or individually ordered. CCN for a target cell can also be ordered in a Cell Change Order message;

· CCN can either be ordered for all MS in a cell by broadcast information or set individually for a certain MS. If set individually, the MS is ordered to use CCN by a Packet Measurement Order or a Packet Cell Change Order message;

3.2.2 CCN Mode characteristics

The CCN mode is a complement to the modes NC0 and NC1 specified in 3GPP 45.008 [5]. 

If CCN is enabled (see 2.2) the MS behaves as in network control mode NC0 or NC1 up to the point when a new cell has been chosen. Instead of performing the cell change, the MS enters the CCN mode, sends to the network a Packet Cell Change Notification message and continues the data transfer. The Packet Cell Change Notification  message contains the identity of the selected cell and may also contain measurement data for the surrounding cells. The network may  then respond on PACCH with required system information for the new cell and/or with a Packet Cell Change Continue message. 

CCN mode is not applicable if

· the MS is in mode NC2;

· the MS has a dedicated connection ( e.g. is in dedicated mode or in dual transfer mode).

3.3 Network behaviour 

3.3.1 
A network may anytime send neighbour cell system information on PACCH independent of the CCN mode. 

When an MS has sent the Packet Cell Change Notification message to the network, the network may send the required system information for the  cell proposed by the MS in order to allow the MS to immediately access the new cell.

The network may also send neighbour cell system information on PACCH in order to assist an MS that has not sent the Packet Cell Change Notification message, e.g. an MS in NC2 mode.
3.4 
The network shall  for each cell indicate if CCN is supported. This is done on  BCCH and on PBCCH. The network may also send a Packet Measurement Order message or a Packet Cell Change Order message to an individual MS and order the MS to use CCN.

When a Packet Cell Change Notification message is received, the network may respond with system information required for packet access in the proposed cell and complete the transmission of ongoing data packets before sending the Packet Cell Change Continue message to the MS. The required information is sent as distribution messages on PACCH. The proposed cell is identified by including the ARFCN for BCCH and the BSIC in the message.

3.5 MS behaviour 

An MS not in CCN mode shall collect neighbour cell system information received on PCCCH/PACCH for at least the six strongest neighbour cells. Received information shall be kept in the MS a maximum time of 30 seconds and may be used also to allow for network assistance at cell change e.g. when the MS is in NC2 mode.

If CCN is enabled an MS shall, instead of performing the cell change when the cell change criteria is fulfilled, enter CCN mode. In CCN mode the MS shall inform the network about the proposed cell with a Packet Cell Change Notification message and start timer T3206. 

If the proposed cell is an UMTS-cell, the MS is not required to enter CCN mode.

In CCN mode, an MS shall collect neighbour cell system information received on PACCH for at least the cells reported in the Packet Cell Change Notification message. 

If a Packet Cell Change Continue message is received, or if the timer T3206 expires, or if the TBF is released, or if the C1 criteria is no longer fulfilled, the MS shall leave CCN mode and continue according to the current NC mode.

If a Packet Cell Change Order message is received the cell reselection procedure shall continue according to the procedure specified for Packet Cell Change Order.

If not all required target cell system information has been received before the cell change, the MS shall obtain that information before making initial access in the target cell. 

When all required target cell system information has been received, the MS is allowed to perform packet access without making an attempt to decode any other system information. If PBCCH is present in the target cell, the procedure for request for acquisition of system information via the PACKET PSI STATUS is mandatory for both the network and the MS. 

4 Influence on signalling protocols

There are some signalling procedures that need to be specified to support the Network Assisted Cell Change procedure within  the RLC/MAC protocol.. Additions to the RLC/MAC protocol will be made to introduce 

· support for the network assisted cell change by sending necessary System Information to the MS. 

· the means for the network to order the MS to use CCN,

· the Packet Cell Change Notification message and the Packet Cell Change Continue message and 

· 

This is described in general terms in chapter 3. In this chapter 4, the detailed influence on the signalling protocols are stated.

4.1 CCN setting


The MS may be ordered to use CCN. This is either ordered in 

· a PSI1, PSI13 or SI13 message broadcast to all MS’s or  

· a PACKET MEASUREMENT ORDER message addressed to an individual MS or

· a PACKET CELL CHANGE ORDER message addressed to an individual MS.

An individual setting of CCN shall take precedence over the broadcast setting of CCN. The latest individual ordered setting of CCN is the valid one. CCN is applicable to an MS in Network Control mode NC0 and NC1 but not in mode NC2 which takes precedence over CCN.

4.2 Cell Change Notification

When a cell reselection is determined by the MS, which has CCN enabled, the MS shall enter CCN mode and send a PACKET CELL CHANGE NOTIFICATION message to the network and start timer T3206. The PACKET CELL CHANGE NOTIFICATION message shall contain the ARFCN for the BCCH and BSIC as identity of the proposed cell and measurement reports for the proposed cell and other neighbour cells as for the normal measurement reporting. The message shall also contain information about which neighbour cell information has already been collected in the past 30 seconds. The MS shall, after having sent the PACKET CELL CHANGE NOTIFICATION message, continue the data transfer but not perform the cell change. The MS shall also store all NEIGHBOUR CELL PSIx/SIx DATA that are received on the PACCH regardless of the ARFCN and BSIC contained in the messages. The MS shall leave CCN mode when either
· a PACKET CELL CHANGE CONTINUE message is received or

· a PACKET CELL CHANGE ORDER message is received or

· timer T3206 expires or

· the TBF is released or

· the C1 criteria is no longer fulfilled (see 3GPP TS 45.008).

When not in CCN mode the MS shall continue to collect the information from the NEIGHBOUR CELL PSIx/SIx DATA messages.

4.3 Network Response to Cell Change Notification

After having received a PACKET CELL CHANGE NOTIFICATION message from the MS the network can behave in different ways as described below;

· no network response, which leads to a T3206 timeout,

· the network responds with a PACKET CELL CHANGE CONTINUE message,

· the network serves the MS with necessary system information and sends a PACKET CELL CHANGE CONTINUE message,

· the network serves the MS with necessary system information and sends a PACKET CELL CHANGE ORDER message,

· the network sets the MS in NC2 mode.

4.3.1 No Network response; T3206 time out

If there is no network response to the PACKET CELL CHANGE NOTIFICATION message before timer T3206 expires in the MS, the MS shall leave CCN mode and continue cell reselection in NC0/NC1 mode as described in [5].
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Figure 1. No Network response; T3206 timeout

Network response; Packet Cell Change Continue
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The network may respond to a PACKET CELL CHANGE NOTIFICATION message by sending a PACKET CELL CHANGE CONTINUE message without sending neighbour cell system information to the MS. When the MS receives the PACKET CELL CHANGE CONTINUE message it shall stop timer T3206, leave CCN mode and continue cell reselection in NC0/NC1 mode.

Figure 2. Network response; Packet Cell Change Continue

4.3.2 Network serves the MS with System Information + Cell Change Order

The network may in response to a PACKET CELL CHANGE NOTIFICATION message send missing system information needed after cell reselection  to allow the MS to make immediate access in the new cell. The new cell can either be the proposed cell indicated by the MS in the PACKET CELL CHANGE NOTIFICATION message or any cell selected by the network. If a PBCCH is present in the new cell, the information is sent on PACCH in the messages NEIGHBOUR CELL PSI1 DATA and NEIGHBOUR CELL PSI2 DATA. If no PBCCH is present in the new cell, the information is sent on PACCH in the messages NEIGHBOUR CELL SI3 DATA, NEIGHBOUR CELL SI13 DATA and NEIGHBOUR CELL SI1 DATA (if available). The messages contain in each instance the ARFCN of the BCCH and the BSIC as cell identifier of the new cell. 

When the necessary information has been sent to the MS about the new cell, the network may send a PACKET CELL CHANGE ORDER message indicating the ARFCN for the BCCH and BSIC of the target cell.  The PACKET CELL CHANGE ORDER message may also contain an order to use CCN in the target cell. In the PACKET CELL CHANGE ORDER message, the network may select another cell than the one chosen as proposd cell by the MS in the PACKET CELL CHANGE NOTIFICATION message.
When the MS receives the PACKET CELL CHANGE ORDER message, timer T3206 shall be stopped and the cell reselection procedure shall continue according to the procedure specified for PACKET CELL CHANGE ORDER. If all necessary information of the target cell has been received, access to the target cell may be performed immediately without making an attempt to decode any other system information. If PBCCH is present in the target cell, the procedure for request for acquisition of system information via the PACKET PSI STATUS is mandatory for both the network and the MS.
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Figure 3. Network serves the MS with System Information + Cell Change Order

4.3.3 Network orders MS into NC2 mode

When a PACKET CELL CHANGE NOTIFICATION message is received from the MS, a PACKET MEASUREMENT ORDER message may be sent to the MS indicating NC2 mode. When the MS receives the NC2 order it shall stop timer T3206 and go into NC2 mode. 
When the NC2 mode has been ordered, the network may send NEIGHBOUR CELL PSIx/SIx DATA on the PACCH before sending the PACKET CELL CHANGE ORDER to the MS.
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Figure 4. Network orders MS into NC2 mode

4.4 Release of TBF when in CCN mode

The CCN mode is only valid in Packet Transfer Mode. If the MS is in CCN mode when the TBF is released, the MS shall stop timern T3206, leave CCN mode and continue the cell reselection procedure according to NC0/NC1. If NEIGHBOUR CELL PSIx/SIx DATA is received on the PACCH before the release of the TBF, this information may be used in the cell reselection procedure.

4.5 Message Parameters

BCCH
PBCCH
PACCH
Parameter
Description

1. Packet Cell Change Notification













2. Packet Cell Change Continue













3. Packet Measurement Order













4. Packet Cell Change Order













5. SI13













6. PSI13













7. NEIGHBOUR CELL PSI1 Data













8. NEIGHBOUR CELL PSI2 Data













9. NEIGHBOUR CELL SI1 Data













10. NEIGHBOUR CELL SI13 Data













11. NEIGHBOUR CELL SI3 Data













Table 1 - List of parameters to be passed to the mobile station over the Um interface.
4.6 MS Timers

Timer
Started
Stopped
Action at expiry
Value

T3206
After sending of the PACKET CELL CHANGE NOTIFICATION message.
On receipt of a PACKET CELL CHANGE CONTINUE, PACKET CELL CHANGE ORDER or PACKET MEASUREMENT ORDER message or release of the TBF
Continue the cell reselection procedure according to NC0/NC1
0.96 s

5 Influence on Specifications

5.1 GSM 03.64 v 8.6.0 (3GPP TS 43.064?) 

The document will be affected in follow sub-clauses:

6.5.6 Cell reselection

5.2 


5.3 





5.4 GSM 04.60 v 8.6.0 (3GPP TS 44.060) 

The document will be affected in follow sub-clauses:

5.5.1.1 Cell reselection

5.5.1.1a Network Assisted Cell Change – New subclause

5.5.1.2 System information on PBCCH

5.5.1.3 System information on BCCH, The text need to indicate that an MS in NCC mode is allowed to make random access immediately in target cell without attempting to read other messages scheduled within one TC –cycle when required neighbour cell information has been received before cell change. 

5.5.1.4 Acquisition of system information on the broadcast channel

5.5.2.1.3 System information on PACCH




7.5 Measurement order procedures in Packet Idle mode

7.5.1 Measurement order procedures initiated on PCCCH

7.5.2 Measurement order procedures initiated on CCCH

8.4 Network Controlled cell reselection procedure???

11.2 RLC/MAC control messages

11.2.0 Message format

11.2.2b Packet Cell Change Continue  (new message)

11.2.2c Packet Cell Change Notification  (new message)

11.2.4 Packet Cell Change Order 

11.2.9b Packet Measurement Order 

(CCN order should go here for an individual MS)





11.2.33a NEIGHBOUR CELL PSI1 Data (new message)

11.2.33b NEIGHBOUR CELL PSI2 Data (new message, instantiated)

11.2.33c NEIGHBOUR CELL SI1 Data (new message)

11.2.33d NEIGHBOUR CELL SI3 Data (new message)

11.2.33f NEIGHBOUR CELL SI13 Data (new message)

12.22 GPRS Cell Options
(Indication of if CCN is generally supported in the cell goes here. Will result in that the parameter will be sent out in PSI1, PSI3, PSI13 and PSI14. 
13.1 Timers on the Mobile Station side
New timer T3206 to be included

General: Stop of timer T3206 shall be described at TBF release, NC2 mode setting appropriate subclauses.

5.5 GSM 05.08 v 8.6.0 (3GPP TS 45.008) 

After a more detailed analyze it was found that GSM 05.08 probably not need to be updated at all as that specification deals only with the radio criteria to be valid when the MS shall perform cell re-selection. 

10.1.1.2 



Annex A
Issues for further study

No.
Description
Companies
Status

1
Shall target- and other neighbour cell mesurement reports be included in the CELL CHANGE NOTIFICATION message if available?

Included

2
Shall the value of timer T3206 have a possible range (e.g. 0.5 – 3.0 seconds) and the actual value broadcast by the network?
Question from Alcatel


3.
Is it necessary to indicated CCN support in e.g. the MS Radio Access Capabilities even if the feature is mandatory for the MS or can the network see that this is a release R4 MS in other ways?  



4.
Shall the enhanced measurement report be used in the Packet Cell Change Notification message?



Annex B
Change Requests

TS
Clause
Change
Editor
Status
Tdoc

23.064
3.1
CCN added to Abbreviations
Ericsson
Drafted


23.064
6.5.6
CCN mode added
Ericsson
Drafted


23.064
6.5.6.4
New Subclause ‘Network Assisted Cell Change added
Ericsson
Drafted









44.018
v4.1.0






04.60

v8.6.0


































Annex C
Possible improvements for future releases

No.
Description

1
A further optimization for Inter BCS and Inter SGSN Cell Reselection requiring additional signalling between the radio and the core network may be developed for R5 without adding any new requirements to the mobile station.

2
Cell reselection GSM – UMTScells can be considered when and if an Iurg interface is introduced. 

3


4


5
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