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1 Introduction

Long-term coexistence is likely to occur between UMTS/HSPA and LTE in one operator’s network which places coordination mechanism into a very important position. To support similar performance levels expected by users from the original RAT, there is a strong need to investigate potential improvement for better UMTS/HSPA and LTE coordination.
2 Discussion on interworking problems
Current interworking between UMTS/HSPA and LTE uses SRNS relocation procedure of UMTS and handover procedure of LTE in Rel-10. However, further optimization was not included on the performance aspects of such interworking mechanism. Too many handover messages transition and excessive signaling loads (in the core network as well as the RAN) in current UMTS/HSPA and LTE interworking is likely to lead to handover delay problem, low network efficiency and poor user experience in practical. 

Such problems could be even more critical in LTE initial deployment in which UMTS/HSPA network is fully covered. For network operators whose UMTS/HSPA networks have been widely deployed, both UMTS/HSPA and LTE networks are very likely to coexist in a considerable long time. And in such long-period initial deployment, LTE networks will be in the major form of hotspot deployment. It would lead to frequent inter-RAT handover due to hotspot particular characteristic in coverage and in usage. What’s more, it would bring huge signaling interaction and interface resource burden among network elements.
From the experience and simulation results we can see, handover failures in hotspot deployment mainly occur during the handover preparation phase. In this case, its potential impact and improvement approach should be considered for inter-RAT mobility between LTE hotspot and UMTS/HSPA macro cells to reduce handover failure and improve its quality.
Inter-RAT handover delay is another issue to be considered. In our opinion, such consideration could be divided into two parts: UE perceptible delay (interruption time) and inter-RAT total time costs. Comparing to the interruption time which was widely discussed in 3GPP protocol, there is also a strong demand to reduce the total time costs introduced by whole inter-RAT handover process: The longer the total time costs (except for interruption time), the more complexity interaction among network elements, which means inter-RAT handover procedure has to be triggered at an earlier timing. 
The selection of handover timing, earlier or later, suitable or not, will give great impact on handover successful rate, and also cell coverage size. Hence, the optimization to the inter-RAT handover total time costs should be considered in LTE initial deployment, in order to reduce operators’ resource burden and raise network efficiency.
Observation 1: Interworking between UMTS/HSPA and LTE should be optimized in order to reduce total time costs of inter-RAT mobility, improve inter-RAT handover successful rate and mitigate operators’ networks resource burden, especially in the case of LTE initial hotspot deployment according to above discussion.
3 Discussion on interworking enhancement in LTE initial deployment
There are some approaches to largely optimize inter-RAT interworking, obviously, one of which is to introduce support for mobility signaling via direct horizontal RAN interfaces (e.g.X2, lur or newly defined interface) between RNC and eNodeBs for the support of UMTS/HSPA and LTE interworking, especially for LTE initial hotspot deployment. With the help of direct interface between RNS and EUTRAN, interactions in interworking process among RAN network elements and CN network elements could be reduced, and thus the total time costs and networks resource burden could also be degraded.
Besides the above advantages for interworking, direct RAN interface between RNS and EUTRAN could also bring many benefits to other inter-RAT coordination, e.g. inter-RAT resource allocation and aggregation.
· Support on CS service: CS service like voice communication needs to fall back to UMTS/HSPA using CS Fallback, SRVCC and etc. in LTE initial deployment. With the help of direct RAN interface, if the logic anchor between UMTS/HSPA and LTE is set to UMTS/HSPA network element, it could provide good CS support in UMTS/HSPA and simultaneously allow user enjoying the higher bit rate by carrier aggregation with LTE, which leads to better user experience and low cost for CS service, especially in LTE initial deployment.
· Impact on frequent inter-RAT handover: With the help of direct RAN interface between RNS and EUTRAN, frequent inter–RAT handover could be possibly replaced by other inter-RAT coordination, e.g. inter-RAT aggregation. What’s more, as well known, RNC in UMTS/HSPA has much bigger coverage than eNodeB. Considering coverage unbalance between RNC and eNodeB, logic anchor can be set to UMTS/HSPA network element between UMTS/HSPA and LTE, which can further degrade the frequent inter-RAT handover possibility in LTE initial deployment, as long as direct RAN interface exists. In this case, it will largely degrade the handover possibility between them and thus reduce frequent inter-RAT handover and resource redistribution, remarkable resulting handover delay and interface resource burden.
· Demand on easy implementation: With the help of direct RAN interface between UMTS/HSPA and LTE, complete SAE deployment is not compulsory if the logic anchor is set to UMTS/HSPA network element, in LTE initial deployment. In this ideal case, only eNodeB is needed to realize the coordination between UMTS/HSPA and LTE hotspot. For example, HSPA and LTE aggregation in this case could be implemented in order to realize inter-RAT coordination. It would bring considerable simple implementation and low cost to the operators’ initial LTE deployment who have widely used UMTS/HSPA networks. 

Observation 2: Interworking as well as some other inter-RAT coordination such as inter-RAT resource allocation and aggregation could be easily improved by introducing direct interface between RNS and EUTRAN in LTE initial deployment. It may also give better support to CS service, bring an easier LTE initial implementation, and maximize the coexistence advantages of UMTS/HSPA and LTE when setting UMTS/HSPA element as logical anchor in inter-RAT coordination.
4 Summary
In conclusion, this contribution discussed the potential deficiency and improvement possibilities in current UMTS/HSPA and LTE interworking from the perspective of operators who plans to initial LTE deployment with widely used UMTS/HSPA networks. 

RAN3 is kindly asked to identify the bottleneck of current UMTS/HSPA and LTE coordination mechanism and evaluate the potential enhancements solutions (including above discussion) from RAN perspective, especially for LTE hotspot deployment.
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