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Treating PS Handover as an independent feature

1 Introduction

Within the ongoing standardization work to introduce support for Conversational and enhanced support for Streaming services in GERAN A/Gb mode, solutions for introducing PS Handover to reduce the service interruption time at cell change are being discussed. 

The main solution for PS Handover is based on introducing new or modified Gb/Gn signalling in order to make it possible to reserve resources in the target cell. In addition new radio messages (e.g. GRR, RLC/MAC messages) are being discussed in order to configure the physical and logical channel both within the serving cell and during the handover to the target cell. 

This paper argues that the introduction of PS Handover can be achieved in a service type and radio channel independent way by allowing QoS attributes other than “Traffic Class” to determine whether or not a service is to receive handover treatment and what type of radio channel should be allocated for a service. This approach will maximize the usefulness of PS Handover for more service types while also making it possible to introduce PS Handover into the network and mobile station in a more flexible way. This is also in line with the general assumption for the work on Conversational support in GERAN A/Gb mode e.g. that any enhancement introduced in that work should be possible to also use for other services as long as the modifications required to do so are minimal. 

2 Overview

Section 3 in this paper discusses what features are required in order to support PS Handover.

Section 4 describes possible services that can benefit from reduced interruption times and packet loss at cell change.

Section 5 describes the consequences of introducing PS Handover as an independent feature in the work on Conversational support in GERAN A/Gb mode.

3 Features required to support PS Handover

3.1 Gb/Gn support for PS handover

Currently the assumptions and signalling procedures over the Gb and Gn interfaces for intra- and inter-BSS PS Handover are being drafted in the Conversational TR. The solutions to support PS Handover between the BSS and CN are being defined in a way which makes it possible to support PS Handover in a service type and radio realization independent way. The reason for this is that:

· The PS Handover procedures need to work for MSs having both lossy and loss-less services since an MS with an ongoing (lossy) Conversational service may also support a mixture of other (loss-less) services in parallel. Although further work is required in order to enhance the loss-less handover procedures.  

· The type of radio channel the services are allocated is not visible on the Gb/Gn interfaces. 

The expected influence that the type of service has on the PS Handover procedures is only related to whether the user plane flow should be supported using bi-casting to reduce the delay or reducing packet loss experienced by that user plane flow (e.g. suspending the DL flow to the old cell).

Regardless of what type of service is realized using PS Handover it might be required that the BSS provides functions to detect when a service using PS Handover should be released. This can be due to the fact that the BSS has lost contact with the MS or that it does not have the radio resources to provide the Guaranteed Bit Rate requested for that service. This issue is related to the preservation feature for all real-time services in R5 (23.060) although exact mechanisms for radio link monitoring are currently under discussion in GERAN.  

3.2 Um support for PS Handover

The basic feature on the Um interface in order to support PS Handover is the introduction of a new PS Handover command sent from the BSS to the MS in order to cause the MS to move to a new reserved resource in the target cell. 

Practically, however, other features are required in order support the PS Handover feature: 

· Handover trigger. The BSS need to be able to trigger the PS Handover to an acceptable neighbour cell. This trigger information can either be delivered to the BSS continuously in the form of measurement reports from the MS, or it could be possible for the MS to perform measurements, select one or more candidate target cells and then notify the BSS of the possible candidates for PS Handover. The latter case would use a similar mechanism as for Network Assisted Cell Change with the exception that a “real” PS Handover with resource reservation in the target cell etc. is triggered. 

· The RLC/MAC assignment messages need to be modified to make it possible to inform the MS that it should not perform autonomous cell re-selection since the network is controlling the cell changes (i.e. indicate when the MS has been allocated resources related to a PFC subject to handover).

· The RLC/MAC assignment messages need to be modified to make it possible to inform the MS if it should use a FLO based or PDTCH based channel.

· The RLC/MAC assignment messages need to be modified to indicate if the MS should provide measurement information to the BSS using SACCH or some other means (e.g. PACCH as per NC2). 

· Introduction of a PS Handover Complete message in order to make it possible for the MS to tell the network that it has arrived in the target system and that the resources in the old cell can be released.

· Introduction of a logical connection between the MS and the BSS in relation to a service that requires PS Handover. Today in GPRS the BSS context associated with a PDP Context that has been activated by a MS can be released by using timers. This is approach not acceptable behaviour when the MS has services requiring PS Handover since the BSS that controls the MS cell changes would loose the context of that MS. Possible methods to know when to release the logical connection could be to use polling or for the case where continuous measurement reports are used the absence of those measurement reports can be interpreted as the loss of the logical connection.

· Introduction of support for reservation of a radio channel in the target cell. The radio channel can be either shared with other users or dedicated to one user. In case the channel is shared it is required that the MS is allowed to make an access to the channel directly after arriving in the target cell. This can be achieved by using USF scheduling or by limiting the use of a shared channel to the MS receiving handover treatment until handover has been completed.

Given the list of functionalities above it seems feasible from a technical point of view to be able to support PS Handover in a service type and radio realization independent way also over the Um interface. The added complexity of supporting PS Handover on a shared channel is low since a lot of the functionality can be re-used from existing GPRS functionality (e.g. NC2, CCN, USF scheduling) as well as some new functions used for dedicated channels (e.g. Network controlled cell change).

4 Benefits of making PS Handover Service independent

4.1 Services that can be supported using PS handover

By making PS Handover service class independent it would be possible to introduce service improvements for other services than the typical PS Conversational services like IP telephony. Example of services that could benefit from PS Handover could be Interactive Gaming, Push-to-Talk, and Streaming as well as for Interactive services in general like Chat, File transfer, HTTP, etc. 

These types of services differ from PS Conversational in that they may require lower packet loss requiring the use of acknowledged mode RLC and/or that they might be very bursty in nature making it very inefficient to support them on a dedicated channel. No other solution has been presented so far that shows how these types of services can be supported in an efficient way on a dedicated channel. As such, it seems prudent to allow QoS attributes other than “Traffic Class” or “Radio Channel Type” to determine exactly how any given service should be supported including whether or not the service should receive handover treatment. 

The advantage of providing PS Handover also for these services could be to reduce interruption times and packet loss which would otherwise decrease the end user experience of those services. 

For example, providing TCP data transmission over a channel which uses PS handover will reduce the need for TCP to begin the slow start procedures after each cell change, thus greatly increasing throughput for even an interactive service.

No simulation showing how much the end-user experience is improved by introducing PS handover for these services is provided. It is, however, considered a certainty that some improvements will be seen for these types of services and if PS Handover is anyway supported for a MS supporting PS Conversational there are no technical benefits with introducing artificial limitations on when PS Handover may be used. 

By making the PS Handover feature service type and radio realization independent, it is possible to leave it completely to the implementation to decide for which services PS Handover should be used or not. This can be achieved with a minor or no increase in complexity. [Reference will be provided] discusses more in details the minor changes needed to support PS Handover independently of the radio channel.  The only major change to the assumptions would be the support of lossless handover.  

4.2 Other benefits of making PS Handover Service independent

By introducing the PS Handover feature as a general improvement for use by services having potentially a wide range of QoS attributes it would be possible to:

· Use PS Handover to steer traffic between cells and systems. E.g. to provide common radio resource management for packet services.

· To introduce Service differentiation between different subscriptions, and for different services. E.g. optimize the performance of some services offered by the operator.

· Phasing in support for PS handover in small incremental steps in the network. For instance the PS Handover feature can be introduced first on shared channels and then gradually support for more optimized channels (e.g. PDTCH+SACCH and FLO) can be introduced. It is however proposed that the support of any of the channel combinations (PDTCH, PDTCH+SACCH and FLO) should be optional for the MS. 

· The initial step on the road to full Conversational support becomes fairly small if PS Handover can be introduced without requiring changes to the existing channel combinations and by re-using legacy functions (e.g. NC2 measurements or CCN) to trigger the PS Handover. This increases the chances of wide spread support for PS Conversational services. The SACCH and FLO based solutions might have more impacts on legacy TRX and might not be feasible to introduce immediately in the whole network.

· Supporting PS Handover on shared channels makes the resource allocation algorithms simpler and more effective for mobiles supporting a multitude of different services. There is no longer a requirement that the system should always find an empty timeslot next to one or more shared timeslots. The resource usage is also improved when it is possible to for instance let 4 mobiles share 4 timeslots rather than giving each mobile just one timeslot. This sharing should not be confused with the OS2 scenarios discussed for Iu mode where interactive data was multiplexed with Voice over IP on a single timeslot. 

· Supporting PS Handover on shared channels makes it possible to introduce more flexible measurement reporting. Many services might not require continuous measurement reporting and could instead be supported by using the cell change notification procedures defined for NACC. This NACC based approach will decrease the load both in the system and over the radio. No processing is needed for the system to determine a suitable candidate cell for PS Handover and no measurement reports need to be transferred over the air interface and within the radio network. 

· Introducing PS Handover as an independent feature could improve the testing of the feature since new enhancements can be introduced in steps. This also avoids big implementation packages, which need to be supported in the MS long before it is introduced in the systems.

· Since PS Handover is being introduced for PS Conversational it would be quite wasteful not to also introduce support for it for other services since the impacts of doing so are minor. (i.e. allow QoS attributes other than “Traffic Class” to determine whether or not a service should be supported using the handover feature). Already today the determination of handover criteria is assumed in the Conversational TR to be an implementation issue allowing operators to decide how to determine PFCs subject to handover.

5 Consequences of introducing PS Handover as an independent feature

The major changes needed to make the PS Handover feature service type and radio realization independent can be summarized below:

· Allow for the possibility to support PS Handover on any channel combination. This decouples the PS Handover procedure from the introduction of new channel combinations like PDTCH+SACCH and FLO. Each new channel combination should be discussed as a separate feature.

· Introduce support in the Gb and Gn interface for PS Handover procedures appropriate for both lossy and loss-less services. It is already required today that PS Handover should be supported for an MS with a mixture of ongoing Conversational and non-Conversational services. This does not mean that the non-Conversational services actually receives Handover support (i.e. physical resources pre-allocated in the target cell), however it does mean that there is requirement to support loss-less cell changes in conjunction with PS Handover. 

· Therefore there are no additional impacts of supporting PS Handover for MSs that have only non-Conversational services. The support for PS Handover is implementation specific as it is also allowed to only implement a subset of the PS Handover feature e.g. only handover procedures for lossy services or only handover procedures for loss-less services. The support existing on the Gb and Gn interface has very little impact on the MS. 

6 Conclusion

The paper argues for separating out PS Handover as an independent feature that can be used regardless of what type of service is supported and on which type of radio channel the service is realized. This is similar to the solutions taken in UTRAN and is also in line with the assumptions on feature phasing and re-use taken within the work on PS Conversational/Streaming in GERAN A/Gb mode. It is therefore proposed that PS Handover be treated as a stand-alone feature that requires the introduction of additional features as described in section 3 above. 

