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1. Introduction

It has already been agreed in RAN1 that the measurement feedback info should be reported in a TDM fashion in DC-HSDPA&MIMO operation. 

However, a problem of measurement feedback cycle may arise due to the de-activation/re-activation of the secondary carrier. Detailed analysis and possible solutions are provided in this document.
2. Discussion
2.1 Background

The mechanism of activation and deactivation of the secondary carrier with a HS-SCCH order was introduce in DC-HSDPA. It aims to control the number of carriers currently used in a fast way without reconfiguration. It is beneficial for UE power saving and Node B resource utilization and good for user experience. For example, in case of lower data rate requirement, the Node B could deactivate the secondary carrier, whereas the Node B could re-activate the secondary carrier rapidly if the data rate requirement increases.
In DC-HSDPA&MIMO, the same mechanism was kept. In addition, as mentioned in section 1, the CQI/PCI of the two carriers was reported in a TDM fashion with a minimum cycle of 2 TTI. The format of R7 MIMO or R5 shall be reused as illustrated in the example in figure 1when the secondary carrier is deactivated.
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Figure 1: HS-DPCCH before and after deactivation or re-configuration

However, according to current specification, only one value of CQI feedback cycle is configured by higher layer. Thus, given CQI feedback cycle k is set to 4ms in the scenario of figure 1, the UE can only report CQI/PCI once per two TTI even when the secondary carrier was deactivated. 

Actually, the UE could report CQI/PCI in a more frequent way, i.e. once per TTI. System simulation and link simulation results in figure 2 and 3 show that performance gain can be obtained with shorter feedback cycle. For example, if the CQI feedback cycle is changed from 4ms to 2ms when the secondary carrier was deactivated, at most 8% (16UE/Sec, 32UE/Sec) gain can be obtained. 
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Figure 2  System simulations of throughput of different CQI feedback cycle
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Figure 3: Link simulations of PCI and CQI feedback cycle impact on throughput
2.2 Solutions

As discussed earlier, obvious gain can be obtained, if the CQI cycle can be shortened when the secondary carrier is deactivated. Although the mechanism to shorten CQI cycle can be done via reconfiguration by higher layer, the delay of RRC signalling would also cause performance loss. 

In order to adjust the CQI feedback cycle in an optimized way without reconfiguration, the following methods can be considered: 

1) Higher layer pre-configures parameters for the case when secondary carrier deactivated

Two sets of parameters such as CQI Feedback cycle and CQI repetition factor are pre-configured as long as DC-HSDPA&MIMO is configured. The higher layer should clearly indicate the value used for each scenario. Node B and UE choose the corresponding parameters according to the status of the secondary carrier, e.g. choose value 1 when the secondary is activated and choose value 2 in case deactivation occurred. When the secondary is deactivated or re-activated, the suitable value is used and the UE and Node B shall apply the value in the same time. 

2) Physical layer adjusts the CQI feedback cycle automatically

A physical layer based mechanism would quicken up the adjustment of feedback cycle according to the status of the secondary carrier and only need to configure one set of parameters by higher layer. A straightforward way is to keep CQI repetition factor unchanged and halve the CQI Feedback cycle when the secondary carrier is deactivated. In this way, CQI/PCI can be reported more frequently with the same reliability as the repetition factor value is not changed. Once the secondary carrier is re-activated, the value configured by higher layer shall be restored. 

Both of the two solutions above could achieve a more suitable cycle for different scenario. For solution 1, RRC signalling shall be changed and overhead is increased but it is more flexible to set the parameters. For the solution 2, there is no impact on higher layer specifications, though the values used for deactivation case is fixed according to certain rules. Considering the complexity and impacts on current specification, we prefer the second solution, physical layer based way. 

Proposal: Physical layer shall halve the measurement feedback cycle of serving HS-DSCH cell if secondary carrier is deactivated in DC-MIMO operation.

A corresponding CR based on the physical layer method is also provided in [4].
2.3 Extension to 3/4 carriers

In RAN#46 meeting, the WI of multi carrier HSDPA was approved [1]. The performance issue discussed in this paper also exists in 4C-HSDPA operation but with larger complexity. The discussions and solutions mentioned above can be extended to 4C-HSDPA operation. However, some additional consideration should be taken into account, e.g. HS-DPCCH format design and activation/deactivation scheme etc. As discussed in [2] [3], feedback information of each carrier could be re-mapped on HS-DPCCHs when the status of secondary carriers are changed. Therefore, it is suggested that the same issue shall be discussed in 4C-HSDPA work item as well. 
3. Conclusion
The document mainly discussed the usage of CQI feedback cycle when the secondary carrier was deactivated. Analysis and simulation results were provided for discussion. As performance loss cannot be ignored, it is kindly ask RAN1 to discuss whether a UE shall be able to adjust the CQI/PCI feedback cycle dynamically along with the secondary carrier activation/deactivation. 

Two kinds of way-forward to solve this issue were also provided. Considering the advantages and drawbacks of two methods and less impact on specification it is kindly ask RAN1 to consider the following proposal:
Proposal: Physical layer shall halve the measurement feedback cycle of serving HS-DSCH cell if secondary carrier is deactivated in DC-MIMO operation.
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