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1 Introduction

During the last GERAN meetings two alternative approaches to reduce service interruption times have been introduced to the TR on "A/Gb mode evolution" (see section 5.3 of [1]). During the discussions it was clear that many open issues have to be solved irrespective of the method to use. The intention of this contribution is to further discuss and comment on those open issues.

2 Discussion

Within this section the already identified open issues based on Table 6 of [1] are discussed. Table 6 of [1] has been  copied to Annex A: 
(Open issues 2, 30, 31, 32, 35 are almost not addressed in this contribution.)

2.1 Requirements

(Related to open issues 9,  23 and 24.)

Differences between streaming and conversational services:

Regarding the maximum allowed service interruption times a differentiation between streaming and conversational services can be made. Therefore considerations for enhancing existing mechanisms are as reasonable as to introduce new handover principles to the network when serving a MS in enhanced A/Gb mode (see also [2]). 

More study is needed to work on the definition of clear requirements  in order to be able to decide on the feasibility of a proposed solution. A proposed set of QoS values for initiation of the discussion can be found in [3].

Service aspects:

Currently most applications are running on top of a protocol stack providing a retransmission mechanism, e.g. using TCP. This will be different for streaming services, as the applications will run on top of RTP/UDP/IP. As data is sent using highly efficient compression algorithms, data loss during cell changes will result in degradation of the service and therefore prevention of loss of data has to be included into further considerations. The data loss caused by mobility shall be small enough that the user does (almost) not recognise any service degradation. If loss of data caused by mobility is avoided by ARQ mechanisms or by suspending the data transfer during mobility, the interruption time must be smaller than the time, which the streaming application can bridge by playing-out the data buffered in the terminals.

Typically the transfer delay required by conversational applications does not allow for any buffering in terminals. This means the data loss caused by mobility shall be small enough that the user does (almost) not recognise any service degradation. And, ARQ mechanisms and suspension of the data transfer during mobility are obviously not suited to prevent loss of data caused by mobility.

2.2 Impacts on the overall system behaviour

(Related to open issues 11, 26, 27, 28, 29 and 34.)

Cell-level mobility aspects:

As mentioned in open issue 27, one of the main differences between A/Gb mode and Iu mode is that in A/Gb mode the CN (PS domain) has to deal with the mobility of a certain MS on cell level. In the current version of [1] the inter SGSN scenario is discussed in detail. However, most of the cell changes of a certain MS will result in a intra SGSN scenario or even in a intra BSS / intra PCU scenario (see e.g. [4]). The intra BSS scenarios may gain from a mobility handling close to the radio interface. Especially lower service interruption time and lower data loss can be expected. A further goal of such optimisations should be an improved overall network performance. 

Differences between A/Gb mode and Iu mode:

The different functional split between GERAN and the CN, resulting in different protocol stacks (see [5]), has to be taken into account, i.e. different delays for possibly required negotiation of parameters of the MSs peer protocol entities (e.g. SNDCP, LLC in case of A/Gb mode) are existing. If such parameters have to be negotiated after the MS has switched to the new cell but before the data transfer can be resumed in the new cell, any negotiation procedure will contribute to the service interruption time and this might exceed the maximum allowed service interruption time of a certain service, most critical for conversational services. 

Resource aspects:

In the approach outlined in section 5.3.4.1 a preparation phase is introduced requiring resources on the new Gb leg, which is prepared for data transmission in the new cell. This will lead to the situation that a part of available resources have to be reserved or dynamically made available for that purpose. This is seen as no blocking point but might have impact on the data throughput of other MSs for which the network granted service in that cell.

RAU aspects:

The Routeing Area Update procedure is already defined today. Changes to this procedure have to be carefully analysed as the backwards compatibility for the support of legacy equipment has to be assured. Interactions between handover and RAU procedures seem to be feasible but imply complexity and therefore more detailed investigations are needed.

2.3 Interactions with LLC/SNDCP

(Related to open issues 25 and 33.)
In case of an inter-SGSN scenario, where LLC/SNDCP layers (besides others) have to be prepared in the target SGSN, parameter exchange between the source and target SGSN as well as between target SGSN and MS might be performed to avoid parameter negotiation before data transfer can be resumed after the MS has switched to the new cell. Such interactions between LLC and SNDCP layers and the handover procedure are feasible, however, before introducing the exchange of certain parameters or contexts, the benefit compared to e.g. parameter re-initialisation or usage of default values has to be analysed.

3 Conclusion

As can be seen from the discussion in the previous section the issues related to the goal to reduce the service interruption times during mobility of the MS requires new functionality in certain network entities, e.g. MS, BSC and SGSN. Therefore the addressed issues in this very complex area have to be carefully studied during further concept work to be sure that 

- requirements arising from the support of streaming and conversational services can be met, before selecting a certain solution;

- the interworking with legacy equipment is assured;

- the interworking with procedures within the CS domain (parallel services) and intersystem changes are taken into account.

As GERAN is not the responsible group for several addressed issues, further work requires close contact and involvement of other TSGs.
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Annex A:  Open issues for handover of PS services (copied from GP-021755)

Table 6 – Open issues for handover of PS services.
	No
	Description
	Companies
	Priority

	Status/Comments

	2
	Impact of 'handover of PS services' in 44.064

Should stage 2 description of the feature be described in this TS?
	Ericsson
	Low
	Open

	9
	PS handover requirements

The speech/radio performance requirements for the handover of TBFs need to be formulated.
	
	Medium
	Open


	11
	Handover and RAU

Interactions between the Handover and the Routeing Area Update procedures need to be studied.
	
	High
	Open


	21
	Inclusion of other working groups in enhanced Gb discussions

Introduction of handover for the Gb interface impacts MS, BSS and CN. It may also impact the overall system behavior and should therefore be discussed with other working groups, e.g. SA2.
	
	High
	Open

	22
	Consideration of alternative approach for handover

The solution proposed in [AHAGB-025] should be analysed more deeply to get a clearer view on available alternatives and the issues impacting their feasibility. 
	
	High
	Open

	23
	Service Interruption Time

The service interruption time, which can be achieved has to be estimated. It has to be verified that the requirement to stay below 150 msec can be met.
	
	High
	Open

	24
	Handling of Ciphering

Security aspects (e.g. use different ciphering parameters on the new Gb-leg in t-SGSN) need further investigation. A new handling for the LLC has to be defined because the LLC is currently reset during the RAU procedure (Inter-SGSN case). This would possibly cause additional delay.
	
	High
	Open

	25
	Handling of Compression

Transfer of compression contexts and negotiation mechanism between MS and network during handover have to be clarified. Results may introduce additional delay before data transfer can  be resumed in the target cell.
	
	High
	Open

	26
	Handling of Intra-BSS Handover

Intra-BSS handover case need to be studied in detail. Especially it has to be clarified if data duplication in SGSN may be applied for every cell change (impact on SGSN perfor​mance) and the interaction with the cell update procedure.
	
	High
	Open

	27
	Impacts on overall system behaviour

A general difference between the Gb- and the Iu-mode is that in Iu-mode the CN has not to deal with cell level-mobility control. The consequences of maintaining the cell-level mobility in the CN when introducing the backward handover principle for the enhanced Gb mode as well and the corresponding impact on the overall system behaviour need to be studied in detail.
	
	High
	Open

	28
	Coordination between handover and RAU

How to handle Routeing Area Updates whilst allowing the real-time user data to be transmitted and the impact on the MS functionality as well as on the SGSN functionality needs further investigation.

In order to allow uplink data transfer in the target cell after handover with a minimum service interruption it appears to be necessary to allocate the new TLLI (t-TLLI) to the MS while it is still in the old cell. The consequence of this is a change in the RAU procedure.

The MS has to store two TLLIs and implement new procedures.  The CN must be able to split the functionality between allocation of P-TMSI/TLLI and updating of the HLR (new RAU procedure). This leads to considerable impact on the MS and CN and open issues such as; how  to distinguish different sorts of RAU.

Possible dependence to LAU (e.g. via combined LAU/RAU procedure) has to be investigated.
	
	High
	Open

	29
	Signalling transfer for handover via Um interface

Mechanisms for signalling transfer across radio interface have to be clarified. (e.g. RLC/MAC control messages or RR signalling message format, bandwidth requirements).
	
	High
	Open

	30
	Interaction between handover and FLO

Clarify handover handling in case the impacted mobile uses FLO.
	
	Medium
	Open

	31
	Handover message transfer BSSGP to GMM

Possibly the definition of a new SAP between BSSGP and GMM is required; the existing SAP GMM is currently used for messages originating from a GMM peer.
	
	Low
	Open

	32
	Mobiles and TBF subject to handover

It has to be investigated how the BSS can decide which mobiles and which TBF’s are subject to handover via enhanced Gb.
	
	Low
	Open

	33
	Interaction between handover and an optimised LLC/SNDCP protocol handling (if required)

Use of optimised LLC/ SNDCP header might considerably impact handover, e.g. if the optimisation requires ciphering to be performed in BSS.
	
	High
	Open

	34
	Handling of handover for mobiles in DTM state

Combined handover scenarios (ps&cs), especially required coordination between cs and ps domain need to be studied. (Note: currently in A/Gb mode the ps connection follows the cs handover decision in RAN).
	
	Medium
	Open

	35
	Channel types to be supported by handover

Handover procedures will be impacted by the channel types to be handled. Clarify which channels types have to be considered (e.g PDTCH or TCH like channel ?. SDCCH ?).
	
	Medium
	Open


� High, Medium or Low.
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