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1. Introduction

For balancing the performance level of E-UTRAN – GERAN interworking and corresponding investments to the legacy GERAN networks it is important to start the planning and definition of the interworking functionalities by identifying the expectations, minimum needs and estimates for practical investment levels to the existing GERAN networks. Without first balancing the expectations and requirements with the expected investments there is a risk that e.g. E-UTRAN – GERAN interworking will be overly complex leading to unacceptable investment levels. This on the other hand typically has negative impacts on the system as total and may lead to late changes to the specifications and equipment. 
High performance requirements and NW optimisation possibilities were one of the key drives when UTRAN  - GERAN interworking functionalities were defined. However, when UTRAN networks were deployed on the field it was considered that  the planned UTRAN – GERAN cell reselections, which were primarily based on Qoffsets, required too much costly and time consuming cell planning. Thus, in order to allow easier UTRAN network deployments quite significant changes were made to the specifications in a rather late phase. If possible, it would be desirable to avoid this type of late changes to the specifications. Therefore, we propose that suitable balance between acceptable investment and performance levels is agreed. We believe that this balancing discussion should be one of the main focuses of this GERAN – LTE workshop. It would also be useful to understand whether one solution for interworking fits all. Although in some case rather tight interworking would be seen beneficial, it might be that in some other cases lower investment level especially for the GERAN legacy system is desired and thus, lighter interworking solution is seen more appropriate than advanced methods. 

In the next section we summarise different requirements and assumptions for E-UTRAN – GERAN interworking.  We would like the workshop to consider and confirm the requirements and assumptions used for defining E-UTRA – GERAN interworking in order to ensure aligned assumptions in different working groups working with solutions in parallel. 
2. Discussion
The following requirements on E-UTRAN – GERAN interworking have been defined in the Section 8.4 “Co-existence and interworking with 3GPP RAT”of TR 25.913:
The following requirements are applicable to inter-working between E-UTRA and other 3GPP systems:

a)
E-UTRAN Terminals supporting also UTRAN and/or GERAN operation should be able to support measurement of, and handover from and to, both 3GPP UTRA and 3GPP GERAN systems correspondingly with acceptable impact on terminal complexity and network performance.

b)
E-UTRAN is required to efficiently support inter-RAT measurements with acceptable impact on terminal complexity and network performance, by e.g. providing UE's with measurement opportunities through downlink and uplink scheduling.
…
e)
The interruption time during a handover of real-time services between E-UTRAN and GERAN is less than 300 msec
f)
The interruption time during a handover of non real-time services between E-UTRAN and GERAN should be less than 500 msec
g)
Non-active terminals (such as one being in Release 6 idle mode or CELL_PCH) which support UTRAN and/or GERAN in addition to E-UTRAN shall not need to monitor paging messages only from one of GERAN, UTRA or E-UTRA

The above requirements are for the cases where the GERAN and/or UTRAN networks provide support for E-UTRAN handover.

Reduction in network and terminal complexity and cost by not mandating support for the measurements and handovers to/from GERAN/UTRAN should be considered.

Based on the basic interworking requirements defined in TR25.913 we have assumed that in some cases it would be enough for E-UTRAN – GERAN interworking  to rely on cell reselections  and/or call redirections during the connection setup. However, since this may not always be the case,  we expect that also handovers between E-UTRAN and GERAN are needed. It has also been our assumptions that handovers between E-UTRAN and GERAN do not need to be lossless. This allows flexibility to E-UTRAN architecture optimisations, which is one important area of LTE/SAE work. 
In order to allow continuity of voice service from new PS networks to legacy networks like GERAN without optimising the legacy for VoIP Voice Call Continuity (VCC) meaning continuity of service between Voice over IMS/PS and CS voice has been considered. VCC consists of two operations; change of RAT and change of domain between [IMS/]PS and CS. These two operations can be overlapping or consecutive, and their order depends on the VCC solution. For allowing practical terminal implementations Single Radio VCC has been considered for E-UTRAN and GERAN interworking as a working assumption in SA2.  In Single Radio VCC (SR VCC) transmitter and receiver of only one RAT are active at a time in the terminal. Different SR VCC solutions have been discussed and proposed in SA2. 
When considering interworking operations it also important to note that operating radio systems in the IMT-2000 bands are tightly regulated by various administrations, and any solution selected for inter-working needs to follow the current legislations like
· Emission limits, which are defined to protect adjacent frequency operator business in the IMT2000 bands.

· Total emitted power from devices (SAR)

It would also be beneficial that radio level inter-working solution is future proof and thus, the solution supports new frequency allocations / frequency pairings defined by the regulations without massive redesign of the solution even in longer term.
Although the details of the SR VCC solutions have not yet been covered in SA2, it should already be possible for the workshop to agree to use the same SR VCC working assumptions as assumed in SA2. In order to achieve acceptable balance between investments especially to the legacy systems like GERAN and inter-RAT interworking level needs and expectations on the SR VCC area should also been discussed and preferably agreed in this workshop so that corresponding detailed work can progress in the working groups. 
While it is recognised that it is necessary to define handovers for E-UTRAN – GERAN interworking we would also like to initiate a discussions whether some lighter interworking solutions could also be considered as the only solution in certain cases. Would it for instance be enough that in some cases E-UTRAN – GERAN interworking would solely be based on some level of service based redirections as discussed in [4].
3. Conclusions

This contribution has discussed the importance of balancing the performance level of E-UTRAN – GERAN interworking with the corresponding investments to the legacy GERAN networks in order to avoid e.g. a risk of overly complex E-UTRAN – GERAN interworking functionalities compared to the acceptable investment levels. The document also highlights some challenges that we have faced in the UTRAN – GERAN interworking due to higher level of interworking “integration” than was finally seen acceptable from the network planning perspective.  

Based on the discussion of the document we can also conclude that from the device perspective a selected interworking solution needs to be such that it enables simple and future proof operation in variety of different frequency combinations. We believe that a principle of single radio operation for interworking solutions provide tools for addressing this aspect.

The document also raises a question whether in some cases lighter E-UTRAN – GERAN interworking solutions could be considered. Would e.g. be enough that in some cases E-UTRAN – GERAN interworking would solely be based on some level of service based redirections instead of handovers. 
We propose that suitable balance between acceptable investment and performance levels is discussed and agreed in the workshop before the work on solutions will start in the working groups. Thus, we see this balancing discussion as one of the main areas which this workshop should focus on although we also identify some more detailed solution options for the E-UTRAN – GERAN handover cases. 
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