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1 Introduction

This paper provides background information to the Network Assisted Cell Change (NACC) feature defined in the 3GPP standards for GERAN in Release 4. In Release 5 (GERAN or UMTS?), there is ongoing work (which is also outlined in this paper) to support this feature when there is a cell change between two different BSCs.

The document continues to study whether NACC between UTRAN and GERAN is necessary and possible solutions for such feature.

2 Introduction to NACC

2.1 Principle

2.1.1 General

In certain modes of operation
, a GPRS mobile station (MS) with an ongoing data session is responsible for the cell reselection. In such case, it performs cell reselection purely based on neighbour cell measurements. 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 (SI) messages 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 lose 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/or downlink data when collecting the system information

The Network Assisted Cell Change (NACC) feature was introduced in Release 4 in order to reduce the service outage for MSs performing cell changes between cells. Due to the tight deadline for its standardisation for Release 4, it was limited to work when both the source and target cells belong to the same BSC. Work is ongoing to define external NACC, so that the provision of the System Information is done in the case of source and target cells belonging to different BSCs. Section 2.2 provides more background information on external NACC.

NACC reduces the service outage time for an MS in packet transfer mode down to 300‑700 ms by giving the network a possibility to assist the MS before the cell change. The assistance is given as the sending of neighbouring cell system information before the cell change to GERAN occurs. This helps in that it saves up to 7.52 seconds (4 x 1.88s SI cycles) delay after the cell change while the MS would otherwise be downloading the system information of the new GERAN cell. The MS cannot perform initial access to the GERAN cell until it has received this information. 

The NACC procedures are introduced as a mandatory feature for a Release 4 MS to speed up the cell re‑selection. There are two main sets of procedures specified for NACC, independent from each other:

· One set which provides the mobile station with neighbouring cell system information and

· One set which prepares the MS and puts the MS into Cell Change Notification mode (CCN mode) during a short period of time before the cell change.

2.1.2 System Information Reception

In the first set of procedures the network may —independent of the NC mode
 and the CCN mode— send neighbouring cell system information to an MS. The information is sent on the PACCH
 (RLC/MAC signalling channel during a packet session) and it is required for initial access after a cell change. An MS in packet transfer mode which receives this information shall store the information for 30 seconds. The MS may then use this information in the new cell. The MS may then initiate access in the new cell and receive missing system information from BCCH
 or PBCCH
 on PACCH by using the Packet PSI/SI Status procedures (see 3GPP TS 44.060 [1]).

2.1.3 Cell Change Notification (CCN) mode procedures

In the second set of procedures a Release 4 MS in packet transfer mode enters CCN mode when a cell reselection is determined and if the network has ordered the MS to use CCN within the cell and towards the target cell. This order can either be generally given by the network in system information or be individually addressed to a certain mobile.

When in CCN mode the MS informs the network with a Cell Change Notification message that the MS wants to reselect cell. The message contains the identity of the target cell. After sending the message to the network the mobile station continues the ongoing packet transfer for either a maximum time of about 1 second or until the network responds with a Packet Cell Change Continue or Packet Cell Change Order message. The Packet Cell Change Order message may indicate another target cell than the one proposed by the mobile station. After the delay, the MS leaves CCN mode. The MS also leaves CCN mode if it returns to packet idle mode, if it enters NC2 mode or if the criteria for camping on the old cell are no longer fulfilled.

2.2 Introduction to External NACC

2.2.1 Principle

As indicated above, Release 4 NACC provides the System Information when the cell changes are internal to the BSC. In Release 5, since external BSC cell changes and also cell changes between GERAN (and UTRAN) cells in some network configurations are (will be) of frequent occurrence, NACC is being enhanced to handle also external cell changes.

Therefore, external NACC implies the existence of a mechanism to exchange System Information between two BSCs, which is being standardised by GERAN2.
2.2.2 Description of the generic mechanisms

As mentioned above, a mechanism to exchange System Information is currently being standardised for Release 5. This mechanism is based on two procedures. These procedures are end to end and are supported, for GERAN, on the Gb interface (between BSC and SGSN) and the Gn interface (between SGSNs). They can be extended to the Iu interface, for the support of this feature between BSCs and RNCs.

These procedures are:

· RAN Information Request procedure: this procedure is initiated by a BSC/RNC when it requires information from another BSC/RNC.
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Figure 1 – RAN Information Request procedure.

· RAN Information Send procedure: this procedure is initiated by a BSC/RNC when it has information to be sent to another BSC/RNC. This procedure may be event triggered (e.g. change of System Information) or scheduled (e.g. by a request procedure).
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Figure 2 – RAN Information Send procedure.

Multiple procedures can exist in parallel. The RAN Information Request message indicates whether a single report or multiple reports are requested. If multiple reports are requested, then the RAN Information Request message indicates what event triggers the reports (event driven —e.g. change of System Information— or timer based). Multiple reporting enables the requesting BSC to have up-to-date system information readily available at all times, and minimises the delay of providing it to the MS.

3 Motivations for inter-RAN NACC

3.1 GERAN to UTRAN

In the GERAN to UTRAN case for inter-RAN NACC, system information from the target UTRAN cell would be provided to the MS via the GERAN, before it is ordered to perform a cell change to UTRAN. 

After some analysis of this case by the relevant working groups, it is expected that a UE in a UTRAN cell is able to acquire system information on the BCCH sufficiently quickly such that the use of NACC would not add any benefits. Moreover, the information that would typically speed up the change to a UTRAN cell (e.g. scrambling codes…) are already available when the MS knows and has measured the UTRAN cell.

3.2 UTRAN to GERAN

In the UTRAN to GERAN case for inter-RAN NACC, system information from the target GERAN cell would be provided to the UE (in CELL_DCH or CELL_FACH state) via the UTRAN, before it is ordered to perform a cell change to GERAN. The interruption in the service during the cell change from UTRAN to GERAN is likely to be of the same order as within GERAN, since this interruption is mainly due to the acquisition of System Information of the target cell. This delay occurs when the target cell is a GERAN cell, irrespective of the source system. Therefore a mechanism should be considered for providing the GERAN cell system information to the UE before the cell change is made.

The aim of this paper is to consider solutions for enabling such a mechanism for this case: between UTRAN and GERAN.

4 Solutions for UTRAN to GERAN NACC

4.1 General Requirements

Any solution for inter-RAN NACC shall

· reduce the service interruption caused during cell reselection from UTRAN to GERAN;

· re-use the solution being standardised for the GERAN to GERAN case as much as possible;

· not impose excessive complexity for the network or the UE/MS; and

· aim to minimise the delay between the decision of the cell change and when it is performed.

4.2 Generic solution for UTRAN to GERAN NACC: Single RNC involved in UE connection

The solution currently being defined by GERAN can also be used between GERAN and UTRAN. The GERAN messages that are transferred over the Gb interface within BSSGP can also be transferred over the Iu-PS interface within RANAP. Then the RNC can pass this information down to the UE via RRC on the DCCH logical channel. The general procedure consists of the following steps:

1. An RNC that has neighbouring GERAN cells sends a request to any BSC controlling these cells. This request could be triggered by a UE requesting a cell-change to the RNC (see section 4.4), or triggered independently by the RNC.

2. On receiving this request, the BSC returns the system information to the RNC. 

3. An optional acknowledgement is returned to the BSC. Note that the need for this message is currently being analysed by GERAN.

4. The system information is sent to the UE within RRC on the DCCH.

NOTE:
If the RAN requested multiple reports, the BSC may spontaneously re-send the system information of the relevant cells when their system information is changed.

Further details of this solution can be found in the draft TR for external NACC (see [2]).

4.3 Special case: DRNC involved in the UE connection

4.3.1 General

When a drift RNC is used for a particular UE on the UTRAN side, the solution needs to be considered in more depth. The DRNC will be an RNC with coverage area neighbouring a particular GERAN cell(s). Therefore, using the generic solution it would acquire system information of the neighbouring GERAN cells. 

However, the DCCH terminates at the SRNC and it is this channel which is used to transfer the system information to the UE. Therefore the SRNC needs to have this information. However, this serving RNC may not be neighbouring the GERAN cell that the UE requires to reselect to, so it may not have the particular system information for this cell that the UE requires.

The solution to make the system information known at the SRNC for the case where a DRNC is involved in the UE connection poses two questions:

· Should the SRNC, when it does not have the system information for a certain GERAN cell required by a UE, retrieve it from the DRNC or from the BSC?

· Should the SRNC store system information corresponding to “remote” GERAN cells?

These questions are addressed in sections 4.3.2 and 4.3.23.

4.3.2 Retrieval of system information

4.3.2.1 General

Independently of whether or not the SRNC stores the system information, this information may not be available at the SRNC when a UE needs it for a cell reselection towards GERAN. Therefore, mechanisms to enable the SRNC to retrieve the system information from another node that has it.

4.3.2.2 Retrieval of system information from the BSC

The system information for a certain GERAN cell is always stored by the BSC parenting that cell. The SRNC could use the existing NACC procedures to retrieve that information from the BSC.

Benefits
Drawbacks

· The SRNC would not be relying on the fact that the DRNC had correctly received the updated system information from the BSC.

· Existing procedures (once extended to the Iu interface) can be reused. No new procedure/messages would be required across the Iur interface.
· This may cause additional delay in the system information transfer to the SRNC, due to SGSN processing, since the information in conveyed via the CN (i.e. one or two SGSNs).

· Increase of processor load in the SGSN(s), especially if the SRNC does not store the information.

Table 1 – Benefits and drawbacks of the SRNC enquiring the BSC for system information
4.3.2.3 Retrieval of system information from the DRNC

Since the DRNC and the BSC parent neighbouring cells, the DRNC for a certain UE will be the SRNC for another one and it will use the generic solution (see 4.2) to update the system information. Therefore, SRNCs could enquire DRNCs for the system information.

Benefits
Drawbacks

· The delay in the SRNC retrieving the system information may be smaller than for the enquiries to the BSC, since there are no nodes between the SRNC and DRNC. 
· When the information is stored by the SRNC, the DRNC would act as a relay node for the system information and may cause additional delay.

· The control-plane signalling load across the Iur may already be high. This may cause an additional delay in the retrieval of the information.

· There would be a reliance on the DRNC correctly storing the system information.
· A new procedure or information element would need to be defined on the Iur interface.
· There would be reliance by the SRNC on the retrieval method used by the DRNC.

Table 2 – Benefits and drawbacks of the SRNC enquiring the DRNC for system information
4.3.3 Storage of system information at the SRNC

4.3.3.1 General

As explained above, it is the SRNC that provides the system information of the target cell to the UE. This solution assumes that the SRNC stores the system information of (typically) “remote” GERAN cells so that it is available in subsequent cell changes of any UE to the same GERAN cell. Note that the GERAN cell(s) are not necessarily neighbouring this RNC. New system information for these cells would be received by the SRNC as it is updated.

4.3.3.2 System information stored by the SRNC

The SRNC would either use the procedures described in 2.2.2 to retrieve the system information from the BSC (via the CN) or new procedures/IEs to get the information from the DRNC (via the Iur interface).

Benefits
Drawbacks

· There is no delay in the UE having to wait for the SRNC to retrieve the information from somewhere else.
· The size of the database required within the RNC may be very large, as potentially (depending on the use of SRNS Relocation) RNCs would need to store the system information for a vast amount of GERAN cells (remote as well as neighbouring the RNC).

Table 3 – Benefits and drawbacks of the SRNC storing the system information
If an SRNC does not have the system information for a particular GERAN cell (i.e. it had never asked for it, restart, etc) when a UE triggers a reselection to this cell, the SRNC would need to retrieve the system information from a node (i.e. DRNC or BSC) that does have it. This was further detailed in the previous section (4.3.2).

4.3.3.3 System information not stored by the SRNC

In this case, the SRNC does not store any system information for “remote” GERAN cells. Instead, every time a UE wishes or is required to reselect to a GERAN cell, the SRNC will retrieve the relevant system information from a node that has it (i.e. BSC or DRNC).

Benefits
Drawbacks

· The SRNC does not need to store the system information for many GERAN cells.
· There would be a delay between the SRNC deciding on/receiving the request for cell-change, and actually sending the relevant system information to the UE. This delay could be quite critical to the benefit of the procedure.

Table 4 – Benefits and drawbacks of the SRNC not storing the system information
4.4 Cell-change request from UE to UTRAN 

As indicated in section4.2, there is currently no mechanism for the UE, in CELL_FACH state, to request/indicate to the UTRAN that it wishes to perform a cell-change to GERAN. Without such a mechanism, the SRNC may not be able to efficiently provide the relevant GERAN cell system information to the UE. It is expected that the Cell Change Notification (CCN) mode and related procedures defined in GERAN in Release 4 could be extended for use in the UTRAN.

4.5 Changes to the specifications

Table 5 contains a summary of the expected changes to the 3GPP specifications for the definition of NACC from UTRAN to GERAN.

WG
TS/TR
Changes
Size

RAN2
TS 25.331
· SIB: Indication of NACC support in the cell

· Cell Change Notification when UE is in CELL_FACH

· Provision of system information on the DCCH
?

RAN3
TS 25.413
· Definition of NACC Request and Send procedures (as for Gb)
Medium


TS 25.423
· Definition of NACC Request and Send procedures (as for Gb) [Depending on solution]
Small / medium

GERAN2
TR xx.yyy, “External Network Assisted Cell Change”
· Introduction of NACC from UTRAN to GERAN

· Reference to the procedures on the Iu interface (and Iur)
Medium

Table 5 – Expected changes to the 3GPP specifications
5 Summary and conclusions

It can be concluded from the analysis shown in this document that inter-System NACC from UTRAN to GERAN is required in order to reduce the interruption in packet transfer to the UE while it re-selects to a GERAN cell from a UTRAN cell. The benefits in terms of reduction in the time it takes to for a UE to resume packet transfer once it has re-selected to another system have been shown to be in the region of up to 8 seconds.

As detailed in the paper, in the case where only one RNC is involved in the UE connection, it is possible to extend the existing procedures currently being standardised by GERAN across the Gb interface to the Iu interface.

In the case where there is more than one UE involved in the UE connection, there are two independent questions to be answered:

1. Should the SRNC store system information corresponding to “remote” GERAN cells?

2. Should the SRNC, when it does not have the system information for a certain GERAN cell required by a UE, retrieve it from the DRNC or from the BSC?

The benefits and drawbacks of the different answers to these questions have been detailed in this paper. It is the understanding of Vodafone that whether or not the SRNC stores the system information is not strictly a standardisation issue and can be left as an implementation issue. However, the memory requirements on the SRNC —if the information is stored— and the delay of retrieving the information from the another node —if it is not stored— should be carefully studied. RAN3 seems to be the group better prepared to answer these two points. The outcome of the second point (re: delay) should be made known to RAN2 for evaluation.

However, whether the SRNC receives/retrieves the updates of the system information from the BSC or the DRNC needs to be decided. If it is from the BSC, current procedures can be reused; if it is from the DRNC, then a new procedure or IE is needed across the Iur interface. 

6 Proposal

It is proposed that:

General:

1. Inter-RAN NACC is required for cell reselections from UTRAN to GERAN in Release 5. 

To RAN2:

1. RAN2 studies and quantifies what extra delay is acceptable between the UE indicating the cell reselection to GERAN, and the UE waiting for the GERAN system information from the RNC before it re-selects. This value should be made known to RAN3.

2. Depending on the size of the delay that is acceptable, is a mechanism feasible (i.e. hysteresis) such that the UE indicates to the UTRAN that a cell re-selection is required before it is absolutely necessary? 

3. A mechanism is determined by RAN2 in order for the UE in CELL_FACH state to request to the RNC an inter-system cell reselection to GERAN. Thus the UTRAN is controlling the cell re-selection instant.

4. A mechanism is determined by RAN2 to provide GERAN cell system information to the UE in the CELL_FACH and CELL_DCH states.

To RAN3:

1. The procedures currently being finalised by GERAN for Release 5 should be extended to RANAP on the Iu-PS interface.
2. RAN3 studies whether there is any benefit in also extending this procedure to be used across the Iur interface.
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� In Network Control (NC) mode 0 and NC1; not in NC2.


� NC 0: the MS controls the cell reselection; NC 1: the MS sends measurement report and controls the cell reselection; NC 2: the MS sends measurement report and the network controls the cell reselection.


� PACCH: Packet Associated Control CHannel


� BCCH: Broadcast Control CHannel


� PBCCH: Packet Broadcast Control CHannel.
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