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1
Introduction
PHR related details were discussed during previous RAN2 meetings but without concluding because of several issues pending in RAN1. The progress in RAN1 was indicated in the LS [1] with the agreements of supporting 2 types of PHRs for each serving cell:
RAN1#61 agreed that for each UL component carrier, the PHR would account for the maximum power reduction (MPR) and include the following two PHR types:

· Type 1 power headroom report computed as: P_cmax,c minus PUSCH power

· Type 2 power headroom report computed as: P_cmax,c minus PUCCH power minus PUSCH power
There is no simultaneous transmission on PUSCH and PUCCH, thus currently in Rel-8/9 we have only Type 1 PHR defined. How these 2 types of PHR are transmitted needs further discussion. RAN1 left this and the other issues to us:

· The triggering mechanisms

· Whether the two report types are always transmitted in the same subframe or in different subframes

· The number of bits used

· The component carriers the reports are transmitted on 

This contribution makes several proposals in order to progress on PHR.
2 Discussion
2.1
Type 1/Type 2 PHR
We would like to firstly clarify that the RAN1 LS indicated that the Type 1 and Type 2 PHR is agreed under CA WI and it is for UL component carrier, but even if CA is not configured, it is still possible that PUCCH and PUSCH simultaneous transmission is configured. Besides, as we agreed PUCCH to be limited to PCell [2], Type 2 PHR is only valid for PCell. For SCells, it will always be Type 1 PHR.

Proposal 1: in Rel-10, PHR can be Type 1 or Type 2 if PUCCH and PUSCH simultanesous transmission is configured.
Proposal 2: if PUCCH and PUSCH simultanesous transmission is configured for CA, PHR for PCell can be Type 1 or Type 2; otherwise, always Type 1 PHR as Rel-8/9. For SCells, it is aways Type 1 PHR.
The RAN1 LS indicated that “Depending on the RAN2 triggering mechanism decision, if Type 2 PHR can be derived for the subframes where PUCCH is not actually transmitted, PUCCH Format 1a would be used as the reference format. Otherwise, for the subframes where PUCCH is transmitted, Type 2 PHR is derived based on the actually transmitted PUCCH forma.”, while it is left for RAN2 to decide “Whether the two report types are always transmitted in the same subframe or in different subframes”.
We believe simultaneous PUSCH and PUCCH should not be used by UEs that are close to maximum transmission power. Instead they should be configured to piggyback UCI on PUSCH. Thus for PCell, it is enough to report Type 2 PHR if there is actually simultaneous PUSCH and PUCCH in that particular subframe, while if there is no PUCCH in the TTI when PUSCH is scheduled (either because simultaneous transmission is not configured or they are not scheduled in the same TTI), Type 1 PHR will be reported. 
Proposal 3: Type 1 PHR is reported when there is PUSCH transmission on the TTI only.

Proposal 4: Type 2 PHR is reported when there is simultaneous PUSCH and PUCCH on the TTI.

In theory, eNB has the knowledge of whether Type 1 or Type 2 PHR will be reported in a TTI according to whether PUSCH is scheduled, whether periodic CQI/PMI/RI is configured for the TTI, and whether any ACK/NACK feedback needed for DL transmissions, but the possible missing of UL grant/DL assignment will make such implicit derivation from eNB unreliable, thus it is more robust to explicitly indicate to the eNB which type of PHR is reported.

Proposal 5: Which Type of PHR is reported for PCell should be indicated to the eNB.

2.2
Need of UE specific PHR

The necessity of having UE specific PHR is analysed in [3] [4]. It was also discussed in last RAN2 meeting [5]. As stated during the email discussion [6], it is difficult to derive UE power limitation based on current per serving cell PHR because of the unknown MPR. With current assumption of per serving cell PHR comparing the estimated power to Pcmax,c of the UL CC (the maximum allowed power after MPR), it is possible that the UE still reports positive value even if it has to perform power reduction because of the UE power limitation.
Here we give a simple:

3 serving cells configured, CC-specific Pmax = UE-specific Pmax = 23dBm, and PHR reported for each serving cell is +3 dB, eNB will increase resource allocation or UE power based on the positive PHR.
One possibility of information unknown to the eNB:

For simplicity, assume MPR = 3dB for each UL CC => Pcmax, c1 =Pcmax,c2 = Pcmax,c3 = 20dBm;

Estimated power Pc1=Pc2= Pc3 = 17dBm;

Actual transmission power is 17dBm, not reached UE specific power limitation.

=> eNB could increase resource allocation or UE power.

Another possibility: 
Assume MPR = 1dB for each UL CC => Pcmax, c1 =Pcmax,c2 = Pcmax,c3 = 22dBm;

Estimated power Pc1=Pc2= Pc3 = 19dBm; 
Actual transmission power is 18dBm, after 1 dB power reduction on each UL CC due to UE specific power limitation. 
=> eNB should actually reduce resource allocate to the UE or decrease UE power.
Without UE specific power limitation information, eNB might incorrectly schedule more resource to the UE based on per serving cell PHR. UE will perform power reduction upon receiving the PC or new resource allocation as it can not support so, which will cause resource waste. Thus UE specific power limitation information would help eNB scheduling in addition to per serving cell PHR. 
Proposal 6: UE specific power limitation information should be provided to eNB.
We provided 3 options to provide UE specific power limitation information [3]. We give some brief here:

Option a): Report the minimum of cell specific PHR and UE specific PHR, where the UE specific PHR taking into account the PUCCH power allocated on the same UL CC, as well as the PUSCH and/or PUCCH power allocated on other UL CCs;
Option b): If the UE has to apply power reduction due to UE-specific maximum transmission power, then the UE reports negative power headroom values indicating how much power reduction it has applied on the corresponding UL CC;
Option c): Introduces a new UE-specific PHR on top of the agreed PHRs.
Option a) or b) provides the UE specific power limitation when UE maximum power limitation actually has affect on the transmission power on the UL CC, otherwise according to cell specific PHR; Option c) UE specific PHR can always be included in addition to the cell specific PHRs with additional overhead. Thus we slightly prefer option a) or b).
Proposal 7: RAN2 to discuss above options and if any option agreeable, send LS to RAN1 to complete further work.
2.3
Triggering Mechanisms

PHR triggers we have now for Rel-8/9 are [7]
-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the transmission of a PHR when UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the function.

The whole Rel-8/9 concept can be kept with per UE timers/triggers as reporting PHR for all the scheduled UL CCs at the same TTI provides more information to eNB on how close to peak power the UE was operating and it is simpler for UE/eNB implementation to only maintain one set of timers per UE.
Proposal 8: Per UE prohibitPHR-Timer, periodicPHR-Timer and dl-PathlossChange.
However, even if the parameter dl-PathLossChange is per UE, the path loss might change more on some serving cells than on others (serving cells on different frequency bands). Therefore PHR should be triggered when path loss of any activated serving cell changes more than dl-PathLossChange.

Proposal 9: Reference DL CC for path loss changing evaluation is same as the corresponding reference DL CC for UL power control.

Proposal 10: PHR is triggered when path loss of any activated serving cell changes more than dl-PathLossChange.

2.3
Cross carrier PHR
Because of potential retransmission timing differences, scheduling all UL CCs with new transmission in the same time is difficult. To ensure that the eNB can obtain a PHR for all the scheduled UL CCs in the same TTI, cross-carrier PHR is needed. 
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Figure 1: example of cross carrier PHR
Proposal 11: PHR transmission occurs in the first TTI where UL grant(s) is (are) available following a trigger.
Proposal 12: If more than one serving cell allows the PHR to be transmitted in the TTI, the UE is free to select which one to use.

However, it does not mean the UE needs to report PHR of not scheduled UL CCs (e.g. UL CC3 in Figure 1), only PHR for Serving Cell1 and Serving Cell2 should be included in the TB on Serving Cell1. Because from network side, if UE is not scheduled on multiple serving cells it would be either because (1) the cell load does not allow it or (2) the UE is power limited or (3) the QoS requirements can be fulfilled with single serving cell. In all cases there is no need to report PH for the not scheduled serving cells. Furthermore, PH calculation in physical layer is currently based on the estimated transmit power of the concerned UL CC according to the number of PRBs allocated and PC for the TTI. We do not see the need to change that either.
Proposal 13: Transmit PHR only when there is a PUSCH grant for the concerned UL CC
3
Conclusion
PHR remaining issues were discussed in this contribution with following proposals proposed:
Proposal 1: in Rel-10, PHR can be Type 1 or Type 2 if PUCCH and PUSCH simultanesous transmission is configured.
Proposal 2: if PUCCH and PUSCH simultanesous transmission is configured for CA, PHR for PCell can be Type 1 or Type 2; otherwise, always Type 1 PHR as Rel-8/9. For SCells, it is aways Type 1 PHR.
Proposal 3: Type 1 PHR is reported when there is PUSCH transmission on the TTI only.

Proposal 4: Type 2 PHR is reported when there is simultaneous PUSCH and PUCCH on the TTI.

Proposal 5: Which Type of PHR is reported for PCell should be indicated to the eNB.

Proposal 6: UE specific power limitation information should be provided to eNB.
Proposal 7: RAN2 to discuss UE specific power limitation report options and if any option agreeable, send LS to RAN1 to complete further work.

Proposal 8: Per UE prohibitPHR-Timer, periodicPHR-Timer and dl-PathlossChange.
Proposal 9: Reference DL CC for path loss changing evaluation is same as the corresponding reference DL CC for UL power control.
Proposal 10: PHR is triggered when path loss of any activated serving cell changes more than dl-PathLossChange.

Proposal 11: PHR transmission occurs in the first TTI where UL grant(s) is (are) available following a trigger.

Proposal 12: If more than one serving cell allows the PHR to be transmitted in the TTI, the UE is free to select which one to use.

Proposal 13: Transmit PHR only when there is a PUSCH grant for the concerned UL CC.
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