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1
Introduction

During RAN#62, a Work Item on Further EUL enhancements was agreed. One of the objectives listed under the WID [1] is to introduce coverage improvements by means of enhancements to Uplink Power Headroom (UPH) measurements and TTI switching mechanism:-
- EUL coverage improvements for single and multi RAB, by means of TTI switching and UPH measurements improvements;

During the Study Item phase on Further EUL enhancements [2], improvements to UPH measurements and reporting were discussed such as introducing configurable measurement window/filter conditions, triggering thresholds, hysteresis margins, time-to-trigger and number of repetitions after trigger etc. Regarding reporting, the enhanced UPH measurements would be sent to the network via the MAC protocol, using an 18-bit PDU having the same format as the SI. 

Whilst the discussion during the Study Item focused on the use case of E-DCH TTI switching, these potential UPH enhancements could also be used to activate/de-activate the secondary uplink carrier. These aspects are discussed further in this contribution.
2
UPH enhancements for (de-)activation of Secondary Uplink
One of the triggers for de-activating of secondary uplink is coverage measurements. Common methods for measuring the UL coverage are based on UPH and Measurement Report for events 6A or 6D.

Event 6A and 6D, when configured, are triggered when the UE transmit power becomes larger than an absolute threshold and when the UE transmit power reaches its maximum value respectively. Similar to other reports configured by Layer 3, events 6A and 6D have the advantage of making use of filtering, hysteresis, time-to-trigger etc. which improve stability and avoid fluctuations of the reported measurements. On the other hand the tuning of these measurements to avoid too early triggers (i.e. when the UE is still under dual-carrier coverage) or too late triggers (i.e. the UE has already lost the coverage on secondary uplink) may be challenging.
An example of an event triggered too early is when UE transmit power increases due to a high rate transmission when the UE is still under a good coverage on the secondary uplink. An example of an event triggered too late is when the UE is moving out of the coverage of the secondary uplink when not transmitting data but the UL DPCCH power is still below the reporting threshold. When the DPCCH power eventually triggers the event, the UE may not have enough power even on the primary uplink to transmit the Measurement Report.
On the other hand, the UPH indicates the ratio of the maximum UE transmission power and the DPCCH code power. The UPH is sent as part of the MAC Scheduling Information. Compared to the event 6A and 6D, UPH provides a better coverage indication since it is based not only on the maximum UE transmit power but also on the UL DPCCH power. However, currently this UPH measurement and reporting does not make use of L3 filtering, time to trigger and hysteresis etc. and hence it is subject to fluctuation.
In many aspects, use case for using UPH for (de-)activating the secondary uplink carrier due to coverage issues is quite similar to the use case of TTI switching. Thus, it would be beneficial to introduce UPH measurement and reporting enhancements not only for TTI switching but also for (de-)activating the secondary uplink. It should be noted that there already exist HS-SCCH orders for activating/de-activating the secondary uplink if the network choses to do so based on the UPH reports. 
Proposal 1: UPH measurement, configuration and reporting enhancements should also address the use case of (de-)activating the secondary uplink carrier. Where possible, the UPH enhancements under discussion for TTI switching should be reused for this purpose.
3
Traffic Volume based Trigger
In addition to coverage, another trigger for switching from single-carrier HSUPA to dual-carrier HSUPA could be the traffic volume at the UE. In the absence of data, it is reasonable to assume that UE’s would be operating in single carrier mode because of the excess power consumed in DC-HSUPA due to DPCCH transmissions on the secondary carrier. If there is small amount of data to be transmitted, there may not be much benefit to move the UE from SC-HSUPA to DC-HSUPA as this would delay the data transmission due to activation and synchronization procedures etc for the secondary uplink. Only if there is sufficiently large amount of data at the UE would it make sense to activate dual-carrier HSUPA operation. Thus, a traffic volume based measurement trigger and reporting to the NodeB could be defined for (de-)activation of DC-HSUPA.

Some further enhancements could be considered as well. For example, a joint trigger based on a weighted combination of UPH and traffic volume exceeding a threshold may be defined. Upon triggering of such an event, the UE would report the SI to the NodeB which would contain information on both the headroom and traffic volume in the UPH and TEBS fields respectively.
Proposal 2: Discuss UE measurement trigger and reporting based on a weighted combination of UPH and Traffic Volume measurements for (de-)activation of secondary uplink carrier.

4
Conclusion

In this contribution, we have discussed the use case of (de-)activating the secondary uplink carrier through the enhancements to UPH measurement and reporting mechanisms under discussion for TTI switching. We have also discussed the need for a Traffic Volume based trigger for (de-)activating the secondary uplink. The two criteria of UPH and Traffic volume could be combined to have a single joint trigger based on a weighted average of the two measurements. The following has been proposed:-
Proposal 1: UPH measurement, configuration and reporting enhancements should also address the use case of (de-)activating the secondary uplink carrier. Where possible, the UPH enhancements under discussion for TTI switching should be reused for this purpose.
Proposal 2: Discuss UE measurement trigger and reporting based on a weighted combination of UPH and Traffic Volume measurements for (de-)activation of secondary uplink carrier.
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