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1 Introduction

Power headroom reports (PHR) are provided by Rel-8/9 UEs as input to the eNB scheduler. Regarding how PHR should behave when Carrier Aggregation is introduced in Rel-10 was discussed at RAN2#69bis and the following open issues were concluded:
1) Is there a need to allow the network to configure the need for PHR per UL CC?

2) PHR sent only on the concerning UL CC, or can also be sent on other UL CC?

3) One set of PHR timers per UE, or different timers per UL CC?
The intention of this discussion paper is to give some input on the open issues and indicate our preferred solutions with regards to PHR.
2 PHR for CA
In Rel-8/9 the PHR report is obtained from the physical layer and included as a PHR MAC CE in the MAC PDU as part of the LCP procedure. As agreed in RAN1 [1] for Rel-10, the CC specific PHR reports for PUCCH/PUSCH will be reported from the physical layer. 
2.1.1 PHR Triggering
In Rel-8/9 the following PHR related parameters can be configured per UE; prohibitPHR-Timer,  periodicPHR-Timer and dl-PathlossChange. 
In Rel-8/9, a PHR report is created and sent in a TTI with an available PUSCH grant when either the periodicPHR-Timer expires or when the prohibitPHR-Timer expires and the change in measured DL pathloss since the last PHR was transmitted exceeds the dl-PathlossChange threshold. A PHR report shall also be sent if the PHR reporting functionality is (re)configured by higher layers.

In Rel-10, where there may be multiple CCs of different frequencies and frequency bands per UE, the radio quality and pathloss will most likely differ between different CCs. But even though the pathloss may differ between different CCs there seems to be no benefit of compairing them to different path loss change thresholds when deciding if a PHR should be transmitted upon expiry of the prohibitPHR-Timer. Also we see no benefit that justifies having the prohibitPHR-Timer and the periodicPHR-Timer configured per CC. Therefore we propose to keep the PHR parameters as they are in Rel-8/9.
Proposal 1 prohibitPHR-Timer is to be configured per UE (as in Rel-8/9).

Proposal 2 dl-PathlossChange is to be cofigured per UE (as in Rel-8/9)

Proposal 3 periodicPHR-Timer is to be configured per UE (as in Rel-8/9)
2.1.2 PHR Content

In Rel-8/9 there was no ambiguity to the PHR content since there was only one carrier to report PHR for, either when the periodic PHR timer had expired or when the DL pathloss change had exceeded the dl-pathlossChange threshold upon expiry of the prohibitPHR-Timer, as long as the UE had an available PUSCH grant.

For Carrier Aggregation, when it comes to deciding which UL CC to provide PHR information about to the eNB, we have identified the following different options for deciding which UL CCs PHR information should be reported upon expiry of each respective PHR timer.
Upon expiry of the prohibitPHR-Timer:

· Transmit PHR only for the UL CCs where the corresponding active DL CC has exceeded the 
dl-pathlossChange threshold and for which the UE has an available UL PUSCH grant. 

· Transmit PHR for all UL CCs where the corresponding active DL CC has exceeded the 
dl-pathlossChange threshold
· If at least one active DL CC has exceeded the dl-PathlossChange threshold, transmit PHR only for the UL CCs which have a corresponding active DL CC and an available PUSCH grant.

· If at least one active DL CC has exceeded the dl-PathlossChange threshold, transmit PHR for all UL CCs which have a corresponding active DL CC.

Upon expiry of the periodicPHR-Timer:

· Transmit transmit PHR only for the UL CCs which have a corresponding active DL CC and an available PUSCH grant.

· transmit PHR for all UL CCs which have a corresponding active DL CC.

To simplify the analysis we think that the options above could be broken down into two open issues:
Open Issue 1 (OI1): Should it be allowed to transmit PHR for an UL CC which does not have an available PUSCH grant?

Open Issue 2 (OI2): Upon expiry of the prohibitPHR-Timer should the UE report PHR only for the UL CCs, whose active DL CC has exceeded the dl-pathlossChange threshold, or for all active UL CCs?? 

Regarding OI1, if the explicit activation of UL SCCs that we propose in [2] is agreed, we think that it would be beneficial allow PHR to be transmitted for any active UL CC, even if no PUSCH grant is available. This would make sense since we can assume that the eNB has explicitly activated the UL CC with the intention to utilize it and that it would therefore want to have a PHR report for it in order to get the full pircture if the power situation, even if no specific grant has been given for the specific TTI. 
Regarding OI2, we think that it could be a trade off between giving the eNB the complete power staus (i.e. sending PHR even for those UL CCs which corresponding active DL CC has not exceeded the threshold) and generating too much overhead by sending information that is not always needed by the eNB. We think that with multiple CCs it is worth the extra overhead to provide the eNB with a complete power status. 
Based on the above analysis we think that if explicit activation of UL SCCs is agreed, the UE should always report PHR for all activated UL CCs regardless of how a PHR was triggered. Since we think that PHR should be reported for all active UL CCs in order to give a correct power view to the eNB, we don’t see any need for the network to configure which UL CC PHR should be reported for. 
Proposal 4 If RAN2 agrees on explicit activation/deactivation of uplink SCCs,  PHR should always be reported on all activated UL CCs whenever a PHR is triggered for any UL CC.  

2.1.3 PHR Reporting
As discussed during RAN2#69bis, there are two feasible options on how to report PHR; either including the PHR to the MAC PDU on the UL CC it is reporting for or to allow the PHR to be sent on any UL CC. 
The least complex solution would probably be to only send PHR on the CC which it is reporting for. However, with this solution, in order to be able to send PHR the UE would need to transmit on all UL CC, even if there is not data to fill up all UL CC grants. 

Allowing the UE to transmit PHR on any CC is slightly more complex, but still beneficial since it would give a more flexible UE implementation and possibly save some RLC segmentation when building the MAC PDUs. It would benefit MAC multiplexing when the amount of data available for transmission fits into a subset of the available UL grants, since there is no requirement to transmit the PHR on the otherwise empty UL CCs. Also, if it should be possible for the UE to transmit PHR reports for UL CCs with  an active corresponding DL CC but no PUSCH grant, it would not be possible to restrict the the PHR to be sent only on the corresponding CC, To enable the eNB to map the received PHR to a specific CC, a seemingly uncomplicated solution would be to extend the MAC CE with an indicator field pointing out which CC a PHR belongs to. Based on the above analysis we think that it should be possible to transmit the PHR reports on any UL CC.
Proposal 5 Allow PHR to be transmitted on any UL CC.

3 Conclusion
With regards to PHR reporting and based on the analysis above we propose that RAN2 take the following proposals into consideration:
Proposal 1
prohibitPHR-Timer is to be configured per UE (as in Rel-8/9).
Proposal 2
dl-PathlossChange is to be cofigured per UE (as in Rel-8/9)
Proposal 3
periodicPHR-Timer is to be configured per UE (as in Rel-8/9)
Proposal 4
If RAN2 agrees on explicit activation/deactivation of uplink SCCs,  PHR should always be reported on all activated UL CCs whenever a PHR is triggered for any UL CC.
Proposal 5
Allow PHR to be transmitted on any UL CC.


4 References
[1] R1-100833
Summary of offline discussion on UL PC, Ericsson, RAN1#59bis
[2] R2-103108
Explicit Uplink Activation/Deactivation, Ericsson, RAN2#70








1/3


