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1. Introduction

At RAN#62 meeting the work item of Further EUL enhancements was agreed. The objective of this work item is to specify technical solutions for increasing the uplink capacity, coverage and end user performance [1]. One of the objectives of this work item is to consider DTX enhancement to keep performance on the secondary carrier.
As approved in RAN1, extended long DTX cycles can be used on the secondary carrier for DTX/DRX enhancement, which may result in improper power control of UL DPCCH due to channel uncorrelated after long DTX gaps while currently it is specified for the initial DPCCH the power shall be the same as the last DPCCH for the legacy CPC operation. In this contribution we discuss the solutions for uplink improved power control especially considering long DTX gaps.
2. Discussion
TDM could be used on the secondary carrier, which means that in one TTI only one or a limited number of users are allowed to transmit data. Long DTX cycles facilitate efficient TDM scheduling since it greatly reduces the uplink DPCCH transmission in case there is no data from the UE. After long DTX gaps on the secondary uplink carrier, the channel condition would change dramatically, and the UL DPCCH power in the last slot containing UL DPCCH before the gap may be not so much relevant for this new period. Therefore the initial DPCCH power setting, power control scheme and initial E-TFC selection could be reconsidered.

2.1 Initial DPCCH power setting
Long DTX cycles can be used on the secondary carrier for DTX/DRX enhancement, which result in the channel condition or interference condition before the transmission gap and after the transmission gap less correlated. The initial DPCCH power could be reconsidered. 

As illustrated in Figure 1, one option is to reuse the same power as the last UL DPCCH before the gap, as specified for the legacy CPC option. The legacy power control means is especially useful when the proper UL DPCCH power levels before the transmission gap and after the transmission gap are similar, which is usually valid in case the transmission gap is not long. However, in case the transmission gap is long the proper UL DPCCH power levels before the transmission gap and after the transmission gap are quite different since the channel condition and the interference condition may change a lot. In this situation, new initial DPCCH power setting such as using the current or the averaged/filtered primary DPCCH power [3] would be helpful to improve DPCCH power control on the secondary carrier. 
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Figure 1: Initial UL DPCCH power setting after a transmission gap
There are several issues which should be noted if we introduce a new DPCCH power setting mechanism for the initial UL DPCCH after a transmission gap referring to the UL DPCCH power on the primary carrier. Firstly the transmission gap is usually variable. Different DTX cycles will result in different transmission gaps. Even a long DTX cycle is configured, the practical transmission gap varies with the NodeB scheduling and UE data transmission. In case the transmission gap is not long, the legacy means by reusing the latest DPCCH power is expected to provide better performance. Secondly referring to the primary carrier would result in power control inaccuracy since the fast fading, slow fading and interference condition between the primary carrier and the secondary carrier may be quite different. 
In order to support a robust power control for the initial power setting after a transmission gap, it is therefore desired to support the legacy DPCCH power control at least for the case that the transmission gap is not long, regardless whether or not that a new power control algorithm is introduced. Hence it seems the simplest way is that the legacy means for initial UL DPCCH power control is always used. In case there is some benefit identified for introducing a new power control method for the case the transmission gap is long, it can be supported by sending PHY layer signaling to inform the UE to follow the new power control method whenever the network decides there is a need to follow the new power control mechanism.   

Proposal 1: Reusing the latest UL DPCCH power for the initial power setting at least for the case that the transmission gap is not long.
2.2 Dynamic step size

The legacy ILPC for DPCCH preamble may cost long time to converge to the SIR target especially when the initial UL DPCCH SIR is very different with the DPCCH SIR target. Therefore, the legacy ILPC in the preamble slots may not be suitable for the secondary carrier. 
Different from legacy power control step size specified in [4], larger power control step size may be used in the preamble phase in the dynamic step size power control. That is to say different power control step size(s) are used in the preamble phase and the data transmission phase. The step size for preamble could be dependent on the number of DPCCH slots of the preamble and the margin for initial UL DPCCH power control which may be signalled by NodeB. The initial power control margin may take into account the channel statistics including fast fading, slow fading, the interference conditions and the difference between the primary carrier and the secondary carrier. The preamble step size is calculated as follows,
Step size for preamble = margin / number of slots in the preamble                               (1)
One example for the dynamic step size solution for DPCCH power control is illustrated in Figure 2.
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Figure 2: Dynamic step size for DPCCH power control during the preamble phase
The purpose for the dynamic step size used in the preamble phase is to let the DPCCH SIR to converge quickly to the SIR target, especially for the case the initial UL DPCCH SIR is very different with the DPCCH SIR target. In E-DCH transmission legacy step size can be used since the DPCCH SIR is expected to be close to the SIR target after the preamble phase and power control using the legacy small step size is efficient. 
Proposal 2: Dynamic step size for DPCCH power control during the preamble phase after a long transmission gap is considered.

2.3 TBS compensation
Since short DPCCH preamble or even no DPCCH preamble is assumed together with long DTX cycles for improved TDM scheduling, the DPCCH power control for the first TTIs would be not well converged to the SIR target. In case the DPCCH power is set to a higher value compared to proper DPCCH power, there will be a RoT overshoot and further resulting in excessive inter-cell interference. In order to reduce the excessive inter-cell interference TBS compensation could be considered. In TBS compensation a smaller TBS could be selected by the UE based on some parameters, e.g. power margin or step size.
TBS compensation is beneficial to maintain RoT stability since a smaller TBS is applied and therefore a corresponding reduced UL RoT will be consumed in case that DPCCH power is set to a higher value compared to proper DPCCH power. As a consequence the inter-cell interference will not be excessively increased, which improves the system stability.
If the DPCCH preamble is not used or the legacy DPCCH power step size is used for the DPCCH preamble phase, the maximum DPCCH power difference between the first DPCCH with E-DPDCH and the proper UL DPCCH power fulfilling the SIR target could be approximately expressed by power margin, which may be signalled by the NodeB and may take into account the channel statistics including fast fading, slow fading, the interference conditions and the difference between the primary carrier and the secondary carrier. The E-TFC selection is done as follows:
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If the DPCCH preamble is used and the dynamic DPCCH power step size as in Section 2.2 is used for the DPCCH preamble phase, the maximum DPCCH power difference between the first DPCCH with E-DPDCH and the proper UL DPCCH power fulfilling the SIR target could be approximately expressed by 
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if interpolation is used, where stepsize is calculated by equation (1), and Lpreamble is the number of slots in the preamble. 
Proposal 2: TBS compensation for the first E-DCH TTIs after a long transmission gap is considered.

3. Conclusion 

In this contribution we discuss the solution
for uplink improved power control especially considering long DTX cycles including initial DPCCH power setting, dynamic power control step size and TBS compensation. It is proposed:
Proposal 1: Reusing the latest UL DPCCH power for the initial power setting at least for the case that the transmission gap is not long.
Proposal 2: Dynamic step size for DPCCH power control during the preamble phase after a long transmission gap is considered.

Proposal 3: TBS compensation for the first E-DCH TTIs after a long transmission gap is considered.
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