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Reduction of the service outage time at Cell reselection in GPRS/EDGE/GERAN
1 Introduction

This paper proposes a possibility to improve the Cell reselection in existing GPRS/EGPRS and future GERAN networks in order to shorten the service outage time when the MS performs an intra BSC Cell Reselection in Packet Transfer mode. 
A  faster Cell reselection would be of benefit for all QoS classes up to and including Streaming and is proposed to be part of Release 2000.

A further optimization for Inter BCS and Inter SGSN Cell Reselection requiring additional signaling between the radio and the core network may then be developed for Release 2001 without adding any new requirements to the mobile station.

2 Background

GPRS Cell Reselection for an MS in packet transfer mode is in release 99 specified to be managed by the mobile station based on radio measurements. The network may take over the control by forcing the MS into Network Control order mode 2 (NC2)  in which case the network is in control of the Cell Reselection.

But in both cases a mobile station  that changes cell will experience a time during which RLC/MAC data cannot be sent. This radio data outage time is anywhere between some 300 ms up to several seconds depending on MS implementation, PBCCH scheduling and luck. In addition the cell change will result in loss of one or more IP packets unless NC2 mode or LLC acknowledge mode is used.

The Intra BSC Cell reselection could be improved as proposed in this document by introduction of four new RLC/MAC control messages and one new network control mode. The improvements result in reduced radio data outage time to roughly 300 ms – 700 ms. It further prevents the loss of IP packets even in LLC non-acknowledge mode and without using NC2. In addition the proposal limits the time the MS has to spend in the old cell after detecting the new cell to be better to less than 1 second. 

3 Overview of the Proposal 

The main idea of the proposal is that a mobile station could by the network be set in a new mode NC3. In this new mode the MS behaves as in mode NC0 up to the point when a new cell has been chosen. Instead of performing the cell change, the MS continues the data transfer but sends to the network a Packet Cell Change Notification message. This 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 either with a Packet Cell Change Continue message or with required system information for the new cell. 

If the MS receives the Packet Cell Change Continue message, the MS performs the cell change as specified in R99. If not received, the MS continues the packet transfer in the serving cell a maximum of T ms without suspending the ongoing transfer to read target cell data. During this time T, the network may first send on PACCH required information for the MS to directly make access in the target cell and then send the Packet Cell Change Order or a Packet Cell Change Continue message addressing the target cell. The information required by the MS before making random access in the target cell is data extracted from system information either on BCCH or PBCCH.

If timer T expires the MS continues the cell change procedure as normal without waiting for further information from the network. 

Technical description of Cell Reselection in R99


Events in figure 1

1. RR entity in MS detects cell B to be preferred server

2. This is the transfer starting time of  what is to become the last LLC PDU transmitted in cell A

3. The MS stops listening to cell A

4. The MS is now listening to cell B and is aligned with the multiframe structure of cell B
5. The MS accesses cell B on PRACH or RACH

6. The uplink data transfer resumes in cell B or (in case there was no ongoing uplink transfer in cell B), a cell update is sent from the MS

7. The downlink transfer resumes in cell B

Activities in figure 1

A. The MS is stable in cell A. The MS has an ongoing uplink TBF and/or an ongoing downlink TBF (packet transfer mode).

B. The MS is continuing the transfer while in parallel trying to read system information in cell B.

C. The MS leaves cell A, starts to listen to cell B and adjusts to the multiframe structure of cell B.

D. The MS reads or resumes to read System information from cell B.

E. An uplink TBF is established (if there was an ongoing uplink transfer in cell A) or a request for sending a cell update LLC PDU is sent (if there was an ongoing downlink transfer but no ongoing uplink transfer in cell A.)

F. Any uplink transfer is now resumed and ongoing. If there was an ongoing downlink transfer in cell A, the network establishes a downlink TBF. The network may also serve the MS with other missing system information messages on PACCH.

G. Any downlink transfer is now resumed

4.1
Outage times

When the RR entity in the MS finds cell B to be the best server (1) the MS may start to read required system information (either PSI1 and PSI2 if PBCCH is allocated in the cell or SI3 and, if present, SI1, SI4, SI13) in cell B in parallel to receiving/transmitting data in cell A.  Alternatively the MS is allowed to switch to cell B immediately. 

The MS may continue the procedures in cell A until required system information for cell B has been successfully read, or 5 seconds have elapsed from (1).

When the MS switches cell it aborts any ongoing TBF(s) in cell A. The LLC PDUs which are presently under transfer (with transmission/reception starting at (2)) is either lost or retransmitted in cell B
. In either case, any data transmitted in cell A after (2) is discarded by the receiver so that the service outage starts at (2) both for uplink and downlink services. 

During the switchover to cell B (C) and possible acquisition of missing system information messages (D) the MS cannot contact the system. Once the system information is read at (5) the MS can request an uplink connection to be used for cell update and then resume of any interrupted uplink transfer (E). Thus for uplink transfers, (6) is the time when the service outage stops. 

Once the network has received the cell update sent at (6), the network can set up a downlink TBF (F). In an inter SGSN cell reselection there may be an additional delay in (F) due to moving packet queues and the PDP context(s) from the old SGSN to the new SGSN. Once the downlink TBF is ready (7) the downlink transfer can resume. Thus for downlink transfers (7) is the time when the outage service outage ends.

4.2
Packet data loss

Since the MS aborts any ongoing TBFs at (3) there is a risk that packets at different protocol layers are lost due to the cell reselection. In an uplink transfer, the only packet(s) that is at risk is the packet(s) under transmission at (3). In a downlink transfer in addition to the packet(s) under transmission at (3) there is also a risk of loosing LLC PDUs in the BSS buffer. Packets can be prevented from being lost by either running LLC in acknowledge mode, by moving LLC PDUs in the BSS buffer from cell A to cell B or by emptying the BSS buffer before the cell change.

4.3
Camping on “wrong” cell

The time from (1) to (3) the MS may remain in cell A even though the RR entity in the MS has found cell B to be better. This is so that the MS may prepare the cell change in order to minimize the service outage time. The preparation consists of trying to acquire system information for cell B, and possibly of timing the cell change to occur in between the transfer of two LLC PDUs
. Under no circumstances the cell change may be delayed more than 5 seconds. For GPRS services other than real-time it is hard to see that delaying the cell change a few seconds would substantially affect the service quality. Still, from an interference spreading point of view it is desirable to keep this period of time to a minimum.

4.4
Impact from Network control mode

For an MS in network control mode NC0 or NC1 the network is ignorant about when the MS is to perform the cell change. This means that the network cannot prepare the cell change, start to move buffers, or adjust the traffic flow so that no LLC PDU is interrupted at the cell change. The network is also unable to assist the MS in the cell change. 

An MS in network control mode NC2 changes cell at Cell change order from the network. Here the network can prepare the cell change. However, the measurement reports from the MS to the radio network when in mode NC2 generates massive uplink interference. NC2 also requires the network to keep an individual context and evaluate cell selection criteria for each attached MS in MM state READY. This consumes processor power in the network and constitutes a significantly more complex design solution than do NC0 and NC1. Further, once the MS receives the cell change order it shall immediately change to the new cell. This means that system information for cell B has to be read in (D) resulting in potentially long service outage times. Apart from this, the network control mode does not affect anything that occurs after the MS leaves cell A at (3).

4.5
Summary 

With today’s standard the service outage times at cell reselection range from 210 ms to 4 s (uplink service) and 270 ms to 4 s (downlink service). For MSs in NC0 or NC1 with an implementation to read system information in cell B prior to cell change the service outage times are in most cases reduced to below 1s at the expense of delaying the cell change 1-3 seconds and increased re-transmission rate in the old cell during PSI acquisition. During ongoing downlink transfer, unless in NC2, the cell change results in the loss of one or more LLC PDUs.

4 Proposed changes

5.1
Purpose

By different adjustments of the standard, the service outage times can be reduced from today’s 0.5 – 3 seconds down towards GSM CS service outage times (a few times 20 ms). The goal has been to identify small changes that guarantees service outage time small enough to support the QoS classes interactive, background and streaming regardless of whether the MS is in network control mode NC0, NC1, or NC2. 

The goal has also been to  to do this without major structural changes in the standard and in particular to achieve this without introducing true handovers (pre-allocation of resources in new cell). In figure 1 this means that we target areas (B), and (D). Improvements in areas (E) and (F) require pre-allocation of resources in cell B and (at least in the case of downlink transfers) controlled re-direction of data at higher protocol layers.

 5.2
Proposal

One new network control mode and four new RLC/MAC messages are proposed to be added to the TS GSM 04.60. GSM 05.08 should also include a description of the new NC3 mode.

New network control mode

Network control mode 3 (NC3): Identical to NC0 except that when the RR entity finds a better cell the MS sends the RLC/MAC control message ‘ Packet Cell Change Notification (new, see below) and starts timer TXXX. 

While TXXX is running the MS does not attempt to read any packet system information in the better cell (cell B), nor does the MS performs the cell change. The MS also enters non-DRX mode. 

Once the timer TXXX runs out, the MS resumes normal procedures, i.e, is allowed to try to acquire system information in cell B, to perform the cell change and to resume DRX mode if appropriate. The value of timer TXXX is suggested to be 0.96 seconds (4 multiframe periods).

The network may respond to the ‘ Packet Cell Change Notification’ message with a ‘Packet Cell Change Continue’ message in which case the mobile station resumes it’s cell change procedure as if the timer Txxx has expired.

New RLC/MAC messages

· Packet Cell Change Notification (PACCH uplink). Includes the identity of cell B and optionally the filtered signal strength values for serving cell and the six strongest neighbours. The message is optional for the MS to implement, and if implemented it shall only be used if the network indicates support for NC3.  

· Packet Cell Change Continue (PACCH downlink). May include a new NC value for the MS. (An extended ‘Packet Measurement Order’ message may be used instead). 

· PSIx Target Cell Data (PACCH downlink): The message contains the cell identity of target cell N and required information from packet system information messages (e.g. PSI1 and PSI2) for the target cell. 

· SIx  Target Cell Data (PACCH downlink). The message contains the cell identity of target cell N and required information extracted from system information messages (e.g. SI1, SI2, SI4, SI13) for the target cell.

5 Conclusion

The introduction of the new messages enables the network to provide the MS with required information for the target cell in an organized way prior to the cell change. This limits the period (B) to a few block periods and completely removes period (D) (particularly important for MS in NC2 mode of operation). It also assures that the MS does not miss RLC PDUs in an ongoing transfer due to system information acquisition in cell B (MS in NC0 or NC1 mode of operation).

The NC3 mode and the corresponding Packet cell change notification message and timer TXXX allows the network to control the cell change without using NC2 and without swamping the uplink with measurement reports. 

At reception of the Packet Cell Change notification message the network has a set of actions available ranging from doing nothing in which case the MS will change cell after the expiration of TXXX to putting the MS in NC2 which means total network control. The basic scenario is that the network sends down required system information for cell B to the MS in parallel to finishing the transfer of any ongoing LLC PDUs (uplink as well as downlink). As soon as this is done the network sends a cell change order to the MS that initiates the cell change. By doing this the “time in wrong cell” (B) is reduced to 100 ms – 500 ms. Outage time between (2) and (3) is reduced to at worst a few retransmission periods, around 240 ms. The outage period (D) is removed. This leaves us with a service outage time of the order of 210 ms - 570 ms (uplink) and 270 ms – 670 ms (downlink). Thanks to the controlled timing of the cell change no LLC PDU needs to be lost.












































































Figure 1: The cell reselection procedures as defined in GPRS R99 (TS GSM 05.08, TS GSM 04.08 and TS GSM 04.60). Solid arrows represent transfer of user data, dotted lines represent RLC/MAC signalling. The times to the left are estimated times between events with R99 and with R99 plus the proposal (underlined times). The events and activity periods are described in t the text. 
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� The interrupted LLC PDU can be retransmitted if a) LLC is run in acknowledged mode and/or b) the sender (the MS or cell B) has an intact copy of the interrupted LLC PDU. If not, the LLC PDU is lost. 


� To delay the cell change to fit the transfer of uplink LLC PDUs is strictly speaking not supported by the standard. It may still be implemented in the MS to improve the uplink performance.
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