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TBF Handover Concept
1. Introduction

One important factor affecting the service quality and system efficiency is how the mobile station moves from one cell to another while being in the middle of data transfer. In circuit switched GSM handover procedure has been traditionally used while in GPRS cell reselection was considered sufficient mechanism for the purpose. While being a relatively simple procedure cell reselection has some disadvantages. One of them is the relatively long service gap. In basic NC0, NC1 and NC2 schemes the service gap can be several seconds due to the need to acquire PSI broadcast messages and to set up the TBF in the target cell before resuming to data transfer. This gap is clearly affecting the user-perceived QoS even in case of nonreal-time data. To enhance the situation Network Assisted Cell Change (NACC) procedure was standardized in release 4. In NACC target cell system information can be sent to the mobile station before it leaves the serving cell. As the MS need not acquire the target cell system information by listening to (P)BCCH broadcast cycles the service gap can be decreased significantly but still the situation could be better. The cell reselection causes termination of TBF, which means resetting the operation of RLC protocol. This leads usually to retransmission of already successfully transmitted blocks. Cell reselection also requires the mobile station to first move to a common channel before accessing the data channel. This leads to unnecessary delay and increases load on (P)CCCH. The negative impacts may be emphasized by potential expiration of the TCP retransmission timer.

In this paper, we present a TBF handover concept, which has several advantages over cell reselection. The proposed scheme provides a shorter service outage time and allows decreasing the load on (P)CCCH. It also provides means to control better the radio resource usage and the QoS level provided for different users. In case RLC protocol need not be reset the scheme decreases significantly the amount of retransmissions in the target cell. From application point of view it means clearly shorter transmission delay. 

The scheme is intended for nonreal-time applications (interactive or background traffic) using acknowledged mode RLC. It is relatively simple procedure affecting mainly TS 44.060 and even in this specification the changes are rather straight forward additions. For these reasons, it is believed that this scheme can be standardized in release 5 time framework without major impact on other work. In this paper the TBF handover concept is presented while [2] contains a CR to 44.060. The presented CR contains the modifications required in A/Gb mode. The same basic procedure would apply in Iu mode. However, for Iu mode there are still open issues. The Iu mode solution will be available in conjunction with RRC and RLC/MAC Iu mode work. In [3] some simulation results are presented. 

2. Discussion

In Helsinki G2 #7 bis meeting several questions were raised to clarify the TBF handover concept [4]. Questions and answers to them are listed in below:

· " Which type of services requires the introduction of TBF handover?"

Answer: The procedure enhances the perceived QoS of all services, which use shared channels with acknowledged mode RLC.

· "Should TBF handover only be introduced to improve the cell reselection time for Best effort/Interactive services using acknowledge RLC/MAC or is it also intended to provide real-time Streaming/Conversational services possible also using unacknowledged RLC/MAC?"

Answer: This procedure is intended for TCP based applications, which use acknowledged mode RLC on shared channels. Examples of this kind of services are e.g. web browsing and streaming (with acknowledged mode RLC).

· "When does the TBF handover give substantial gains that are not achieved by other advanced cell change features such as NACC?"

Answer: By looking at the simulations results shown in [3] it can be seen that the few hundreds of milliseconds long service outage time provided by NACC is not the total delay experienced by the application. The total delay is a sum of different factors including transfer delays. When the RLC protocol is reset it may happen that a large number of blocks must be retransmitted even if they were correctly received. The results in [3] indicate that this amount can be even over 100 blocks, which corresponds 2 seconds of additional delay on one timeslot. This means that in case of NACC the total delay of cell change would not be only few hundred milliseconds but for example 500-700ms access delay + 1-2 seconds of retransmission delay meaning 1.5-2.5seconds. It is acknowledged that the gain in avoiding retransmissions provided by TBF handover can be achieved only when the RLC protocol need not be reset. However, the scheme provides also other gains like lower PCCCH load, better RRM management and lower outage time due to shorter access delay, which are achievable also when the RLC protocol must be reset.    

· "How will the end-to-end QoS be affected by the fact that the behavior is different when the MS performs intra-PCU handover (e.g. no RLC restart) compared to inter-PCU (e.g. RLC restart)?"

Answer: In practice the delay would be longer in case when the RLC protocol must be reset. In similar way the handover gap may be longer in UTRAN-GERAN than GERAN internal handovers. The intention is to provide the basic functionality in release 5 and consider further enhancements in release 6. Inter-BSC case could be one example of R6 work. 

· "How will the network know if the MS support TBF handover?"

Answer: It would be informed to the network e.g. in MS RAC.

· "How will TBF handover work in A/Gb mode when the MS changes Routing Area (RA)? Currently in GPRS, RA update is performed prior to any sending any user data. The same PCU can support multiple RA."

Answer: It is currently not clear what would be the best way to solve this issue. It is proposed to leave it to release 6. In release 5 when a TBF handover is performed to a cell, which belongs to another RA, the RLC protocol should be reset and RA update procedure initiated in a normal way. Alternatively NACC would be used when the target cell belongs to a different routing area.

· "It needs to be better understood why RLC/MAC control signaling shall be used (instead of RRC) and how the RLC/MAC cell level mobility is coordinated with the RRC cell level mobility. The PCCO does, for instance, not contain any RRC parameters like RB id, G-RNTI etc." (note: This question is for Iu mode)

Answer: The division of responsibilities between RLC/MAC and RRC layers regarding mobility has still some open issues that needs to be solved as a part of the Iu work. TBF handover does not introduce this issue but the open issue exists already due to network controlled cell reselection with PCCO message. The basic idea of TBF handover applies equally in both modes regardless if the message content or the used message is different.

· "Another possible disadvantage with using RLC/MAC signaling is that it lacks a reliable link layer protocol and therefore the handover signaling is less reliable than would be possible with RRC. In addition, there are limitations on the size of handover messages if they are sent using RLC/MAC. Therefore, the RLC/MAC solution probably requires that the MS has first received the correct System Information via e.g. the NACC procedure. Only after that can the GERAN send the Handover Command (e.g. PCCO)."
Answer: The same issue applies with NC2 and NACC. It is expected that this is not a severe problem. However, should that be the case, a mechanism to make NACC more reliable is needed as well.

3. TBF handover concept

3.1 General

TBF handover is based on same principles as handover on CS side. The MS is moved directly from source cell PDCH to a PDCH in the target cell. Prior changing the cell system information
 can be given to the MS on PACCH via source cell. This procedure would utilize mechanisms, which were standardized for the Network Assisted Cell Change (Packet Neighbour Cell Data message). System information messages that are not given in the source cell are sent via the target cell after the TBF handover procedure has been completed. The signaling flow for TBF handover is presented in figure 1. It can be seen that there are no new messages and the scheme is in large extent based on existing mechanisms. 

TBF Handover is triggered by the network based on the received measurements or the Packet Cell Change Notification sent by the mobile station. The network triggers the TBF handover by sending a Packet Cell Change Order containing the starting time, target cell and channel information and TFI value(s) for the target cell for the TBF(s) that are subject to the handover. At the indicated starting time (taking into account the MS reaction time) the MS leaves the cell and moves to the assigned PDCH and transmits access bursts in the indicated uplink block. The network shall respond to these access bursts by sending PACKET DOWNLINK ASSIGNMENT, PACKET UPLINK ASSIGNMENT, or PACKET TIMESLOT RECONFIGURE message containing a valid timing advance information and TBF assignment for the target cell. 

TBF handover procedure ends when the MS camps on the assigned PDCH, it has correctly received the assignment and has valid timing advance for the target cell. In case the TBF handover fails the MS shall terminate the TBF and make an access via (P)CCCH.
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Figure 1. Message flow diagram for TBF handover

Alternative way to assign resources is to send the whole assignment via source cell. This can be done either by including the information in the PCCO message or use another (old or new) message. Sending the whole assignment via source cell has, however, the disadvantage that the amount of information to be sent via source cell increases considerably
. It is therefore proposed that only minimum information is given in the source cell. 

3.2 RLC protocol behavior

Assuming that the network side RLC end point does not change
 when the cell changes (both source and target cells controlled by the same PCU) the operation of RLC protocol need not be reset when changing the cell. This way unnecessary retransmissions of correctly received data would be avoided. In order to allow continuation of RLC protocol when possible and avoid error cases the network should have control over when the RLC protocol is reset and when not. In cases when it is possible to continue without resetting the RLC protocol the network would signal to the MS that it should not reset the RLC protocol. In other cases the network would signal that the RLC protocol should be reset. This could be done e.g. by adding one bit to the PCCO message for this purpose.

3.3 Cell Update

In A/Gb mode the network shall interpret any valid LLC PDU sent by the MS as a cell update
. In Iu mode the core network does not follow the MS location on cell level and GERAN is all the time aware of the MS location. It is therefore expected that the TBF handover does not affect the cell update procedure. 

3.4 Routing Area Update

When routing area changes the mobile station should initiate Routing Area Update procedure. It is currently not clear what would be the best way to do this. Due to tight release 5 schedule it is proposed to leave this into release 6. 

In release 5 when routing area is changed the network shall either use cell reselection mechanism or when performing a TBF handover indicate to the MS that it should reset the RLC protocol. After the cell change the MS should then initiate the normal RAU procedure.

3.5 Inter BSS/GERAN TBF handover

It is proposed to leave this out from release 5 schedule. FFS for release 6.

3.6 Measurements

No changes required.

3.7 System information transfer

Target cell system information is provided to the MS as in the Network Assisted Cell Change procedure. Packet Neighbour Cell Data message is sent to the MS prior commanding the TBF handover to take place. No changes required.

3.8 CCN mode

Cell Change Notification procedure can be used in conjunction with TBF handover. In this case the network shall respond to the Packet Cell Change Notification with a Packet Cell Change Order message containing information needed for a TBF handover. No changes in CCN procedure are required.

3.9 Multiple TBFs

TBF handover can be applied simultaneously to several TBFs. In this case, the amount of information to be included in the Packet Cell Change Order, Packet Downlink Assignment, Packet Uplink Assignment, or Packet Timeslot Reconfigure messages increases. Other impacts are not expected.

3.10 DTM

To be left out from release 5. 

3.11 Optional vs mandatory feature

TBF handover is proposed as an optional feature. 

3.12 New information in PCCO

Table 1 lists the new information (one TBF) that should be included in the Packet Cell Change Order message. It has been assumed that only minimum information is given in the source cell while the actual assignment is sent via the target cell. 

Field
# of bits

TBF HO flag
1

Reset RLC
1

Starting time
16

Global TFI
6

Time slot number
3

Frequency parameters IE

13

Total
40

Table 1 new information to be added into PCCO message.

3.13 Affected specifications and schedule for the work

Due to relatively tight release 5 standardization schedule a phased approach similar to what was used in NACC standardization is proposed. In release 5 the basic scheme is standardized. This affects MS and GERAN BSS and consists mainly of a CR to 44.060. This scheme would be limited inside one BSS/GERAN and inside one routing area. In release 6 inter BSS/GERAN communication and issues relating to routing area update could be considered. This way a significant gain can be achieved already in release 5 without increasing the workload too much.

The following specifications are affected by introduction of TBF handover: 

Specification
Required modifications
Estimated completion date

43.064
Introduce TBF handover
April 2002

44.060
Introduce TBF handover
April 2002

43.051
Introduce TBF handover
April 2002

45.010
Add reaction time for TBF handover
April 2002

Table 2 Affected specifications

4. Benefits of the proposal

If the TBF handover is standardized the GERAN shared channel performance is improved in many respect (the gain is achievable in both Iu and A/Gb modes).

The gain consists of the following: 

1. Load on (P)CCCH decreases

2. Service outage time decreases. Especially, in loaded cells it is not possible to control how long the access takes because access bursts may collide or Packet Channel Request may get rejected.

3. From radio resource management point of view it is easier if the MS can be ordered directly to a particular PDCH. When cell reselection is used the MS must first solve the contention resolution before the network knows which MS is in question and what are the service requirements. It may well happen that after this the MS has to be transferred to another PDCH to be able to provide sufficient service level. This is very suboptimal way to manage radio resources.

4. When RLC protocol need not be reset there is no need to relocate the RLC buffer or retransmit all the blocks that have been sent but not yet acknowledged. Consequently the number of unnecessary retransmissions decreases. This gain is illustrated in a separate contribution [3].

5. Lower delay in cell change and lower number of block retransmissions improve the TCP performance. This increases the system throughput. 

5. Conclusion

In this paper we have presented basic principles of TBF handover procedure. The proposed mechanism would improve GERAN shared channel performance by decreasing the load on (P)CCCH, by decreasing the service gap during the cell change, and by improving the radio resource management capabilities. In addition, when the RLC protocol need not be reset the TBF handover removes the need to retransmit already correctly received blocks. This provides a significant advantage over other schemes such as NACC. 

The basic functionality that is proposed to be included in release 5 is fairly simple and affects mainly TS 44.060. This enhancement can be done simultaneously with other 44.060 release 5 specification work without significant impact on other work. The same basic mechanism applies in both Iu and A/Gb modes. In a separate contribution a CR to 44.060 describing a detailed technical solution is presented. This CR contains modifications needed from A/Gb mode point of view. Issues, which are Iu specific, will be added after related open issues with respect to Iu alignment work have been solved. As the mechanism provides clear gain with fairly simple modifications it is proposed that the TBF handover procedure is standardized to be part of the GERAN release 5. 
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� PSI1 and consistent set of PSI2 messages


� This is the case especially when multiple TBFs are handed over at the same time.


� Or if the network supports RLC relocation.


� BSS includes new Cell Identifier in the BSSGP frames to indicate the change of cell.


� ARFCN assumed. In hopping case this IE is larger. 





