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1. Introduction
In recent discussions, some interest was expressed for the aggregation of HSPA and LTE carriers with dual-mode UEs. The main benefits brought forward are increased user throughput and improved load balancing during the migration phase from HSPA towards LTE.

In this contribution, we present some aspects of possible migration scenarios from HSPA towards LTE and an initial analysis of possible solutions allowing for improved interoperation or aggregation of these two RATs.  

2. Discussion
2.1. Possible migration scenarios

During the migration phase from UMTS towards LTE it is expected that a large number of dual mode UEs may be able to access each RAT or even both RATs simultaneously depending on their availability.

The availability of each RAT depends obviously on the migration and deployment strategy of the network operator. At least in the initial phase it can be expected that the availability of UMTS is superior to that of LTE. A typical scenario could be that the UMTS layer ensures the basic coverage and mobility layer while the LTE layer is mainly deployed in areas with denser traffic or for hot spots. Such a typical scenario is shown in Figure 1.
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Figure 1: Possible coverage scenario for UMTS and LTE
The geographical availability and coverage of each RAT also depends on the spectrum availability. The RATs may share the same spectrum bands or may be deployed in different bands. Especially in the latter case, this will also lead to a significant difference in terms of coverage of the two RATs.

Besides the carrier frequency, the available bandwidth and the related user throughput can differ significantly between LTE and UMTS. Assuming that LTE will be mostly deployed in larger bandwidths, it is usually able to provide a significantly higher data rate. Then it may be beneficial to move high end dual mode UEs to the LTE layer as soon as it becomes available to improve the user experience in particular for high-rate packet data traffic.

When such a user moves out of LTE coverage or requires a particular service that is not available on LTE, e.g. a CS service, it is necessary to initiate a handover back to UMTS. At the same time frequent handovers should be avoided as they may worsen the user experience. In such a scenario, the simultaneous use of both RATs with some form of carrier aggregation could be beneficial. A dual mode UE can then keep its connection on the layer with the best coverage, e.g. UMTS layer, and still enjoy high LTE data rates when the corresponding layer becomes available.     

The aspects mentioned above are only examples for possible migration scenarios and further input from operators would be welcome to indentify the scenarios and use cases in which improved interoperation between the RATs or even aggregation of carriers from the two RATs may be beneficial. 
2.2. Inter-RAT Load balancing
Especially during migration, optimised inter-RAT load balancing between HSPA and LTE is important for a robust and effective network operation. For example, having an up to date knowledge of the load information of the target cell before the HO decision can help avoiding call drops and help flexible radio resource management between the two RATs. 
There are existing mechanisms for load information exchange in the current inter-RAT load balancing scheme, such as cell load info piggybacking in the inter RAT HO signalling or an exchange via the RIM mechanism which needs signalling transfer from the source RAT to target RAT through CN nodes.
In particular for packet based services, the cell load may fluctuate very fast. Here, the current inter-RAT cell load information exchange scheme has some limitations due to the fact that the load information is only available when the inter-RAT HO is actually triggered. A more frequent triggering of the RIM signaling generally leads to an increased usage of Core Network Control Plane resources which may not be tolerable.
Thus, in the migration context and in particular for PS services an enhancement of the inter-RAT load balancing mechanisms may be desired and could provide an improved network performance and user experience. 

Aggregation of throughput and a tighter linking of the two RATs could allow for a very flexible load balancing on short time scales. However, such a tight linking of the RATs involves a considerable complexity and its need should be motivated by real benefits for the user experience in practical migration scenarios.  
2.3. Carrier aggregation in UMTS and LTE

Carrier aggregation within each RAT is currently available for both UMTS and LTE. Starting from dual-carrier (or dual-cell) operation in Rel-8, carrier aggregation for HSDPA was extended to up to 8 carriers in Rel-11 and Table 1 shows the corresponding downlink peak rates.

Table 1 Bandwidth and peak data rates of multi-carrier HSDPA operation
	Feature
	Total aggregated bandwidth (MHz)
	Peak data rate 
(Mbps)

	DC-HSDPA (Rel-8)
	10
	42

	4C-HSDPA+MIMO (Rel-10)
	20
	168

	8C-HSDPA+MIMO (Rel-11)
	40
	336


Similar as for HSDPA, carrier aggregation has also been introduced in LTE as a key feature of LTE-Advanced in Rel-10. Here up to 5 carriers of up to 20 MHz each can be aggregated to a theoretical total of 100 MHz.
We should note that taking into account the latest developments for HSPA and LTE in Rel-11, quite attractive peak rates can be obtained through carrier aggregation in both systems and there does not seem to be a need for inter-RAT aggregation for the overall peak rate as such. We rather see the use case for inter RAT aggregation in increasing the user throughput in practical deployment scenarios where multiple RATs need to coexist on different frequency layers.    

Besides the theoretical aggregation capabilities outlined above it is important to note that there is only a limited number of combinations and scenarios for both LTE and UMTS for which RAN4 has specified the related RF requirements. For both LTE and UMTS carrier aggregation is possible only within a single band or between a maximum of two bands. The available band combinations are also limited and even though they are release independent each new combination requires a significant amount of work in RAN4. Such limitations and constraints as well as the required work in RAN4 should also be taken into account when assessing the possibility of aggregation between LTE and UMTS.

2.4. Overview of possible solutions for aggregating UMTS and LTE
There are a number of possible ways to allow dual mode radios to simultaneously use both RATs and improve the user experience. In this section, we briefly outline two examples of very different approaches to achieve this goal.   

2.4.1. Core network based solution
A possible solution based on existing mechanisms in the core network is outlined in Figure 2. The main principle is that the IP flow is routed over different RATs by the PDN gateway. This solution is currently available for IP flow mobility over WLAN (cf. TS 23.261) and could be extended for the case of UMTS - LTE aggregation.
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Figure 2: Aggregation architecture based on IP flow mobility
Such a solution would limit the required changes on RAN side to a minimum and allow an almost independent operation of the two RATs. The main disadvantage of this approach is the lack of load information from each RAT at the routing entity, which limits the possibility of load balancing for this solution. Further aspects to be considered for this solution are the need of simultaneous connections to two 3GPP RATs and the handling of mobility. 
2.4.2. RAN based solution
A completely different possible solution is outlined in Figure 2. This type of solution relies on a single link to the core network and has therefore no core network impact. Only the connection to a single RAT (called anchor RAT in the sequel) is visible to the core network. All mobility and load balancing aspects are handled by the RAN only and not visible to the core network.
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Figure 3: Architecture for RAN based aggregation
A dual radio equipment would here be able to receive data from both RATs while its connection is controlled by the anchor RAT (including security and authentication). Single mode UEs can still be served on both RATs in legacy manner simultaneously to the dual radio UEs.

The first choice to make for this kind of architecture is obviously the choice of the anchor RAT. This choice will very much depend on the migration scenario, i.e. on the layer chosen by the operator as basic layer for coverage and mobility. For the scenario outlined in section 2.1, a natural choice would be to have UMTS as the anchor RAT to handle the mobility of the UE. The connection would then be controlled by the RNC and the UE would be able to receive data from both the NodeB and the eNodeB in a coordinated manner.

Another option would be to use LTE as the anchor RAT. In this case, the connection would be controlled by the eNodeB which would then establish a tight link to the corresponding NodeB and/or RNC to enable coordinated data transmission to the dual mode UEs.
Besides the choice of the anchor RAT, it also needs to be decided at which layer the data flows should be split and recombined between the two RATs. Here the choice can range from IP data flow level, PDCP level, or RLC level down to the MAC level. This choice will highly depend on the desired way and level of coupling between the two RATs.

3. Conclusion

In this contribution we presented some initial aspects to be taken into account when considering migration scenarios and improved interoperation between HSPA and LTE.

We outlined several possibilities to improve inter-RAT operation as well as possible architectures with throughput aggregation between UMTS and LTE. Due to the very different nature of these solutions and their possible impacts to RAN and SA groups it seems beneficial to gather more information about the specific requirements and in particular the underlying migration scenarios before deciding on a suitable approach.
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