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1
Introduction 

During the RAN#58 meeting, a new Study Item on Further enhancements to Enhanced Uplink [1] was approved. The study item, among other topics, contains “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”. The study item is scheduled to complete in December 2013.

RAN1#74 in August 2013 agreed a text proposal to the study item TR containing motivation and analysis supporting the case for uplink load balancing [2]. Three documents outlining potential solutions and carrier switching performance were was also discussed in the meeting [3,4,5], and a text proposal was invited to RAN1#74bis [6]:
Conclusions
· Random carrier hopping is not seen beneficial for load balancing purposes
· Node B controlled carrier selection may be beneficial
· Extending Enhanced Serving Cell Change to allow for hard handover could be considered further
· Carrier switching schemes during access procedure could be considered further
Detailed text proposals are invited for RAN1#74bis

This contribution contains a detailed text proposal based on [3], as invited. 
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Text Proposal

5.x 
Low-complexity uplink load balancing

5.x.1
Background and motivation

Load balancing techniques are employed in cellular systems to overcome the problems of some cells being congested while others having free resources. With the load balancing technique applied to the uplink direction, the network can benefit from multiple cells and distribute UEs between them to equalize the load. This will facilitate better performance of UEs, and especially of those ones that do not support multi-carrier in uplink and thus cannot be assigned dynamically resources over several carriers. At the same time, the load balancing can be logically extended to a scenario with a UE supporting two uplink carriers and the network deploying more than two frequencies.

5.x.2
Analysis

As per the legacy HSPA behaviour, the uplink “anchor” carrier is linked logically to the corresponding downlink serving cell. It is the responsibility and the decision of RNC to choose which cell is the serving one for a particular UE. As a result, some form of the load balancing is already feasible with the legacy HSPA system by means of switching the serving cell to a different frequency. This approach, however, involves RNC and thus cannot perform fast and/or frequent switching between different cells without compromising application level performance. Thus, a different approach must be taken that would either avoid interaction with RNC, or minimize it in terms of reconfiguration process delays.

5.x.3
Solutions

5.x.3.1 
Load balancing as extended enhanced serving cell change

One approach for implementing the ulink load balancing is to speed up the serving cell change procedure from one carrier to another, i.e. to speed up the reconfiguration process that currently involves a number of RRC messages exchanged between the RNC, and the UE. One way to achieve this is to extend the Enhanced Serving Cell Change procedure of Release 8. The eSCC pre-configuration information for potential target cell has all the major HSDPA/HSUPA features, and thus the same information container can used for fast inter-frequency serving cell change eliminating RRC message exchange at the time of switching, similarly to how the eSCC feature works between cells within the active set.

The limitation of eSCC is that the corresponding pre-configuration data is linked to the active set radio links, and it is not possible to provide preconfiguration for a cell that resides on another frequency. This limitation can be overcome by introducing the corresponding parameter that would indicate a frequency where a UE should move. Another difference 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 the target cell identified by the UE in its measurement report.

Uplink load balancing as an extension to enhanced serving change has the benefit of re-using as many existing components as possible, with marginal incremental changes. From the UE implementation perspective, the procedure is a normal inter-frequency serving cell change, where a new configuration is pre-configured in advance as in eSCC. All the functional aspects remain unchanged.

5.x.3.2 
Load balancing as extended DC-HSUPA functionality

Another approach for implementing uplink load balancing is to rely upon the DC-HSUPA functionality. If a UE has the capability to transmit over two UL carriers simultaneously, then the two carriers are continuously in-synch and the Node B scheduler can distribute the load and/or to maximize the overall performance. 

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 UE capability that would allow a combination of DC-HSUPA with 10ms TTI. Such an extension to DC-HSUPA would be very small. 

5.x.3.3 
Combination of extended eSCC and DC-HSUPA approaches

The approaches based on eSCC and DC-HSUPA can be 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.
5.x.4
Conclusions

