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1. Introduction

The feasibility study on Evolved UTRA and UTRAN is targeting [25.913] at a long-term evolution of the radio interface as well as the radio network architecture, which allows for reduced latency, higher user data rates, improved system capacity and coverage, and reduced cost for the operator. 

In this context the question arises how will an evolved system inter-work with the pre Rel-7 systems. In the objectives of [25.913] this is addressed by the following statements:

•
Cost effective migration from Release 6 UTRA radio interface and architecture

•
Backwards compatibility is highly desirable, but the trade off versus performance and/or capability enhancements should be carefully considered.

The contribution [SRJ-050150] to the joint SAE/LTE London meeting argued in the context of migration: To provide service continuity and mobility between systems are of utmost importance. This means that it is required to have efficient inter system handover / mobility mechanisms.
This contribution analyses the requirements on inter system mobility caused by the co-existence of E-UTRAN and UTRAN/GERAN and the migration scenarios.

It will be shown that the different properties of E-UTRAN compared with UTRAN/GERAN imply that deployments should be such that inter-system handovers are not the regular case but occur only as fallback. From this it can be concluded that the gain by optimizing the intersystem handover beyond the already ambitious requirements found in [TR25.913] will be in practice not very relevant.
2. Discussion

The two major reasons for inter system handover are handover due to coverage reasons and handover for load sharing reasons. In the following the need for such handovers are further analysed.

Inter System Handover for Coverage Reasons

Obviously a handover from E-UTRAN to UTRAN/GERAN has to take place if in a first deployment the coverage of E-UTRAN is not continuous. This will be likely the case in the initial deployments according to [SRJ-050150], which describes that the deployment will likely offer E-UTRAN access only within certain zones or coverage areas. 
The frequency of inter-system handovers is dependent on the coverage zones chosen for deployment by the operators. We will argue that it can be expected that a deployment will be such that the need for inter-system handovers are not the normal case for a user but the exceptional case.

As it is commonly accepted and stated in [25.913] the E-UTRAN is providing high-data-rate, low-latency and packet-optimized radio-access technology. This means that the QoS for users of packet based services over E-UTRAN should be considerably better than on UTRAN/GERAN. This is most noticeable for the users, which are dependent on the reactivity of the service and which benefit from higher bit rates provided to the users in E-UTRAN. The large improvements of the services provided over E-UTRAN are expressed by the requirements on latency (5 ms U-plane latency) and user throughput (e.g. 3-4 times of HSDPA) found in [25.913]. Considering that the intersystem handover might be towards an Rel-99 UTRAN or GERAN the intersystem handovers mean that the user is changing from a system with very low RTT and high user throughput towards a system with high RTT and low user throughput. The orders of magnitude would be as a rough guess from user throughput 50 Mbit/s towards 64 kbit/s and from RTT 50 ms towards 500 ms (compare figures used in the argumentation found in R3-051091). Clearly these differences are noticeable by a user using the envisaged IP based services (high speed internet, gaming, VoIP, etc.) for which E-UTRAN is designed. They will impact the user perception of the service from very satisfactory to almost not useable. Therefore, there is no need to improve the already ambitious performance requirements for PS services continuity.

Voice services will be provided over PS domain in LTE, whereas they will be provided over CS domain in legacy systems (2G and 3G) as they are either not feasible (2G) or not optimised (3G) today. The seamless continuity of voice services between IMS and CS will therefore be supported using the mechanisms under study at SA WG2 in the Work Item “Voice Call Continuity” (VCC). The performances of mechanisms proposed by companies are under the responsibility of SA WG2. Refer to TR 23.806. 

In addition, there is no need to improve the voice handover from LTE to/from legacy compared to 3G/2G handovers, as the user will anyway experience 3G to/from 2G handovers.
Moreover it is expected that a deployment will design the coverage zones such that the average user who starts the service in this zone will normally not leave the zone as long as he uses the service. This would avoid that a users frequently perceives an annoying sudden severe service degradation. 

Inter System Handover for Load Sharing Reasons
Another reason for inter system handover could be load sharing. For instance an UTRA cell could overtake some traffic from an E-UTRA cell and vice versa. This would be done in case that one system has still capacity available whereas in the other system available capacity is not sufficient to serve all the current users satisfactorily. However a load based handover is only possible provided the service requirements e.g. in terms of RTT allow this. 
Another aspect to be kept in mind is the different capacities offered by E-UTRA and UTRAN cells.

In [25.913] the following is found related to the spectrum efficiency increase in downlink: spectrum efficiency (bits/sec/Hz/site), 3 to 4 times Release 6 HSDPA.
This means that a UMTS cell provides approximately 25% of the capacity of a 5 MHz bandwidth E-UTRAN cell and 6.25 % of a 20 MHz bandwidth E-UTRA cell. Or in other words an UMTS cell would offer for dual mode E-UTRA capable UEs a potential additional capacity of only 6.25 % to 25 %. This is not very much. 

For pre Rel-7 UEs an E-UTRA cell is not capable to provide any additional capacity. For dual mode UEs on a UTRA cell the E-UTRA cell would offer over 4 to 16 times more additional capacity. However it could be asked why these UEs should be in a small capacity UTRA at all whilst a high capacity E-UTRA cell is deployed in the same area. 
3. Conclusion and Proposal

It has been argued that the large differences of the capabilities between E-UTRAN and  UTRAN/GERAN in the capability to provide IP based services has the consequences that users of the new IP based services in the E-UTRAN cannot be handed over to the UTRAN/GERAN without impacting the service severely.

Therefore users of the new IP based services offered by E-UTRAN should be kept in E-UTRAN as long as possible. It is expected that operators will design coverage zones for E-UTRAN such that the user satisfaction is optimised. From this it is concluded that the deployment zones for the E-UTRAN will cover areas of sufficient size such that a user starting using the services in this zone will in most cases remain in this zone.
It has also been shown that inter-system handover between E-UTRAN and UTRAN/GERAN for load sharing has only very little benefit.
Proposal:

We propose that the group agrees that, considering the limited gain of inter-system handovers, priority of the work should be on optimizing  Intra E-UTRAN handovers and that there is no need to replace the already ambitious Co-existence and interworking with 3GPP RAT requirements in [ 25.913]. This proposal is inline with the requirement on LTE to balance complexity of solutions with the gain they provide as e.g. found in the objective in [25.913]: Backwards compatibility is highly desirable, but the trade off versus performance and/or capability enhancements should be carefully considered.
Additionally we propose that the changes to TR25.913 proposed in tdoc [R3-051084] should be not agreed. This tdoc R3-051084 suggests to reduce the interruption times for handover between E-UTRA and UTRA from less than 300 msec to less than 100 msec and for handovers between E-UTRA and GERAN from less than 500 (or 300) msec to less than 300 msec  and to apply these more strict requirements also to non real time services. As can be seen from the discussion above these requirements target at optimisations which would provide a benefit only for rare cases, if they provide at all a benefit. It should also be noted that the argumentation used in the discussion document [R3-051091] arguing for the more strict requirements is based on the assumption that the system has to be optimized against TCP implementations, without any of the state of the art optimisations (e.g. SACK), which are part of up to date TCP implementations and which allow to avoid or to minimise the performance degradations by interruptions.
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