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TBF Handover discussion paper

1 Introduction

In [1] a new way of performing handover on shared PDTCH channels is proposed. The basic goal is that the interruption time for mobiles stations moving between cells should be reduced using three new functions. These new functions are the reservation of resources in the target cell, the possible transfer of RLC/MAC protocol information between cells as well as new functionality introduced in the Packet Cell Change Order command. The functionality can be used both for mobile stations in A/Gb mode and in Iu mode. This paper discusses the possible advantages and impacts of introducing TBF handover in the different scenarios.

2 Requirements for enhancing the cell reselection

For the moment the requirements for TBF handover is not clearly known. The following issues need to be studied:

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

· 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?

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

· 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)?

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

· 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.

3 TBF handover in GERAN Iu mode

3.1 RRC vs. RLC/MAC control signaling

The working assumption in GERAN Iu mode has been that the cell level mobility shall be handled by the RRC layer (in the MS and in the RAN) and RLC/MAC signaling shall only be used to handle the shared physical resources within one cell when the MS is in RRC Cell_Shared state. The solution proposed in [1] changes this assumption since the handover is introduced on Shared channels and the handover is controlled by RLC/MAC. 

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. 

If handover on Shared Channels shall be introduced for GERAN Iu mode it seems more feasible to introduce the required signaling on RRC level and reuse the same RRC handover procedures as defined for dedicated channels. The MS would then be in MAC Shared State but since the network controls the cell level mobility it would with respect to RRC be in RRC_Dedicated State.

On the other hand it is possible to envisage to support handover on shared channels via the  RLC/MAC (as proposed in [1]), but it is then required that the RRC layer be notified that the MS has changed cell and that in the inter-BSS handover case the MS RRC context and Iu connections are relocated.

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). If the handover command would be sent on RRC level the RRC Handover Command message can contain the complete information the MS needs in the target cell (i.e. there is no explicit length limitation concern for handover messages if they are supported at the RRC level, save the actual interruption time of the service).

Conclusion:

It seems more feasible that handover on shared channels in GERAN Iu mode is introduced on RRC level instead of RLC/MAC.

3.2 Dedicated vs. Shared PDTCH

In GERAN Iu mode it has been discussed to introduce a new channel type called Dedicated PDTCH in order to support handover of e.g. Conversational Services. The advantage of introducing this new type of channel is that the handover procedures and measurements procedures can be kept similar to already existing GSM RR procedures as well as the fact that GERAN RRC procedures are needed anyway in order to support Dedicated TCH. The Dedicated PDTCH is in many ways similar to a Shared PDTCH with the major exception being that the user is alone on the channel and there is no Packet Timing Channel. Instead the dedicated PDTCH supports the SACCH channel, which occupy the same place as the Packet Timing Channel would in the TDMA multi-frame structure of the PDTCH. The SACCH channel carries measurement reports and system information, which is needed to support handover.

It needs to be better understood if it is required to introduce handover also on Shared Channels in GERAN Iu mode. The main advantage of having handover on Shared Channels compared to Dedicated Channels would probably be that it allows for a more flexible resource allocation since one user can share the same physical resources with other users. This flexibility is especially useful for Services with bursty traffic pattern. However the most gains of TBF handover (e.g. decreased interruption delay) will probably be seen for traffic that is not so bursty and where the user is in transfer mode for a longer period of time.

An advantage of having Dedicated PDTCH is that the measurement reporting in the uplink and the transmission of system information in the downlink can be achieved without using any extra physical resources. Dedicated PDTCH also supports effective power control. In case continuous measurement reporting shall be supported on a Shared PDTCH the GERAN would have the extra challenge of reserving enough uplink transmission opportunities for both payload transmission and measurement report transmission from the MS. In addition, if a downlink TBF is supported on a shared PDTCH then the GERAN would have to establish an uplink TBF just to allow for measurement reporting from the MS. 

Conclusion:

Introducing handover on Shared channels may be useful for some services compared to what can be achieved with existing channels in GERAN Iu mode. However these possible gains need to be compared to the cost of introducing it and supporting handover on both shared and dedicated channels. 

3.3 TBF handover to UTRAN or GERAN A/Gb mode

It is FFS if any TBF handover shall be performed when the MS is moving between UTRAN and GERAN or between the different modes of operation within GERAN.

4 TBF handover in GERAN A/Gb mode

4.1 TBF handover impacts on RLC/MAC

In order to allow for TBF in GERAN A/Gb mode, new handover parameters need to be specified in the PCCO as described in [2]. As in Iu mode, the interoperability between the NACC and PCCO handover needs to be studied. Also it is not obvious that the TBF handover significantly reduce the delay compared to existing methods, such as NACC. In addition, even if the complete system information is not included in the PCCO, the maximum segmentation of RLC/MAC control signaling messages need to be considered.

For PCU to PCU handover new procedures involving the Gb (and Gn) interface also needs to be specified (see chapter 4.2).

4.2 Inter-PCU Handover procedures

In order to support handover on shared channels when the MS is moving between PCUs (within one or between several SGSNs) new handover procedures need to be introduced over the Gb (BSSGP) and Gn (GTP) interfaces. In [1] it is assumed that the RLC/MAC protocol information shall not be transferred between the PCUs for inter-PCU handover. This would indeed reduce the complexity of the inter-PCU handover. The handover procedure would only trigger the resource reservation in the target cell and the MS will receive a new TBF assignment in the PCCO command based on the information received from the target PCU.

The performance of inter-PCU handover with regards to reducing the delay for acknowledged and unacknowledged RLC modes of operation needs to be studied. It shall be compared to the performance of only using the NACC procedures currently being specified for Rel-5. For the case of unacknowledged RLC it is reasonable to assume that it does not matter if the RLC/MAC protocol is reset or not. 

The exact impacts of introducing handover procedures in BSSGP and GTP are FFS. The functionality introduced could be somewhat similar to what needs to be introduced for the inter-PCU NACC. The complexity might also be kept relatively low since no user data or RLC/MAC protocol information is transferred.

5 Performance Gains

The following possible performance gains are listed in [1].

1. The load on (P)CCCH decreases. This could be considered as a possible advantage with the proposed method since the MS that performs TBF handover does not put any extra load on the (P)CCCH due to the cell change. However it is unclear how much the signaling due to cell change is affecting the total load of the (P)CCCH.  Meanwhile the signaling load on the PDTCH will be increased slightly for the TBF handover case.

2. The service outage time decreases. This could be considered an advantage compared to existing systems where an MS must first make a contention access in the new cell in order to be allocated a new shared channel. It needs to be studied more in details how much the proposed method reduces the service outage perceived by the end user, especially compared to using only the NACC procedures.

3. The radio resource management becomes easier or possibly more efficient. Since the GERAN controls the cell the MS is using it can directly order the MS to the channel that can provide the sufficient QoS. However, controlling the cell selection of the MS will also lead to higher complexity than if the cell selection is just controlled by the MS. Resource reservation in the target cell will also lead to a possible waste of resources since the GERAN need to allocate resources in two cells at the same time until it has confirmed that the MS has entered the target cell. This resource waste might be higher for the inter-PCU case and for users with bursty traffic patterns.

4. There is no need to restart the RLC protocol when performing intra-PCU cell change. The simulation shows that there is a probability that a quite large amount of data needs to be retransmitted when the MS changes cell and TBF handover is not supported. It is required to study how much TBF handover can reduce the number of retransmissions in a system simulation with mobiles that are not transmitting constantly. This study should be compared to the case of using the normal NACC procedures. 

5. A lower delay improves the performance of the TCP protocol. This claim is the same as 2. 

6 Conclusion

The TBF handover concept could be a possible performance enhancement both in A/Gb and Iu mode of GERAN. However, depending on for which services the TBF handover is targeted, different solutions may apply. For interactive, background and streaming services, it has to be verified that the solution proposed in [1] really provides lower delay and higher resource efficiency than other existing solutions such as NACC and/or Dedicated PDTCH combined with handover. 
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