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1
Introduction 

During the RAN#58 meeting,  a new Study Item on Further enhancements to Enhanced Uplink [1] has been approved, which comprises a few sub-topics. One of them is  “low-complexity uplink load balancing solutions, e.g. a fast uplink carrier switching in Cell_DCH state, especially for configurations where the downlink is configured in multi-carrier operation while the uplink is in single carrier”. In this contribution we consider and elaborate on different design and implementation aspects of this concept highlighting advantages and drawbacks.

2
Low complexity uplink load balancing

As mentioned in the SI description, one of the main reasons for studying the low-complexity uplink load balancing is incapability to the legacy system to perform fast re-configuration of a serving HS-DSCH and E-DCH cell.

There have been already a few contributions where proponents express their views and opinion on how a low-complexity load balancing can be implemented [2]. Bearing in mind that a goal is to develop a low-complexity concept, we present two somewhat distinctive approaches for implementing this concept, which are however based on the existing HSPA features.

2.1 
Load balancing as extended enhanced serving cell change

Somewhat similar to considerations presented in [2], one approach for implementing the ulink load balancing is to speed up the serving cell change procedure, i.e. to speed up the reconfiguration process that currently involves a number of RRC messages exchanged between the RNC, Node B, and a UE. One of the simplest ways to achieve that is to rely upon a concept, known as enhanced serving cell change (eSCC). Even though eSCC was initially designed aiming at voice services, its application area is not limited to voice, because the pre-configuration information has all the major HSDPA/HSUPA features. Thus, exactly the same information container can be fully re-used for fast inter-frequency serving cell change eliminating RRC message exchange, similarly to how the eSCC feature works. 

The only limitation of eSCC is that the corresponding pre-configuration data is linked to the active set radio links, making it practically impossible to provide it for another cell that resides on another frequency. This limitation can be easily overcome by introducing the corresponding parameter that would indicate a frequency where a UE should move. Yet another noticeable difference when compared to eSCC is that an order to switch to a new configuration would be coming from the serving HS-DSCH cell, as opposed to a new “best” cell, for which a UE sends 1D event.

As a general summary, uplink load balancing as an extended or modified enhanced serving change approach has a benefit in re-using as many existing components as possible, with marginal incremental changes. Such an approach also answers a few issues mentioned in [2] regarding the downlink control channels, mobility management and soft handover. From the UE implementation perspective, this looks like a legacy inter-frequency serving cell change, where a new configuration is not coming explicitly from the RRC message, but rather is taken from the pre-configuration provided in advance. All the functional aspects remain as per legacy behaviour.

It is however worth noting that any benefit from such a fast re-configuration mechanism can be easily diminished if upon an inter-frequency serving cell change, a UE needs some time to perform synchronization, and/or if HARQ buffers are flushed, and/or if there is a large guard time between the activation order and activation of a new configuration.  

2.2 
Load balancing as extended DC-HSUPA functionality

Yet another approach for implementing uplink load balancing is to rely upon the DC-HSUPA functionality. Indeed, if a UE has a baseline capability of being scheduled over two UL carriers, then it is quite natural that Node B would select a carrier to distribute the load and/or to maximize the overall performance. There is no challenge either with ensuring a low synchronization time or flushed buffer upon the frequency change.

The only limitation of the current DC-HSUPA feature is that it is defined only for 2ms TTI, which was originally motivated by the fact that it was designed as a high-speed UL feature, not as the UL balancing approach. Thus, for the cell edge operation, it might be beneficial to consider introducing a new category that would allow a combination of DC-HSUPA with 10ms TTI. As an example, for the sake of further simplicity, there can be only one new 10ms DC-HSUPA UE category limited to QPSK. Such an approach has quite a marginal impact to the specification, and can be even considered for the legacy releases. 

2.3 
Combination of both approaches

Even though the aforementioned approaches based on eSCC and DC-HSUPA can be thought of as mutually exclusive, they can be also viewed as complementing each other. As an example, if DC-HSUPA is extended with a support for 10ms TTI,  then the fast re-configuration mechanism can facilitate fast re-configuration between 2 and 10ms TTIs as a UE moves from a cell edge to cell center, and vice versa. Similarly, if an operator has more than two carriers, then the fast re-configuration mechanism can also ensure fast switching of the ongoing DC-HSUPA operation to another pair of carriers, or switching DC-HSUPA to the single-carrier mode on another frequency.

3
Conclusion

In this discussion paper, we have presented our general considerations on the design of the low-complexity uplink load balancing. Catering for the design and implementation simplicity, and bearing in mind new findings presented in [3], our view is that this enhancement should be based as much as possible on the existing features. In particular, one can build fast reconfiguration mechanism around the enhanced version of eSCC, or based on the DC-HSUPA feature by extending the latter towards the 10ms TTI. As an additional step forward, one can think of combining both solutions.
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