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Discussion and Decision
1 Introduction
At the RAN2 #77 LTE U-Plane AdHoc session PHR reporting and triggering were discussed. It was agreed for an SCell in a secondary TAG that is activated but not synchronized PHR will continue to be provided, and therefore a synchronization trigger upon SCell activation is not needed [1]:

PHR for activated but UL unsynchronized SCell

=>
Stick to Rel-10. All activated SCells are reported regardless of UL synchronization state. No new triggers will be supported.
With this decision R10 behaviour is maintained: SCells which provide PHR information is unchanged, and a synchronization requirement is not added to the activation trigger. 
In the RAN2#77 LTE u-plane session discussion on PHR [1] [2] it was also discussed that the existing SCell activation PHR trigger will not provide MPR information to the eNB scheduler when there are no UL resources within the activated SCell’s secondary TAG, where this information is always available for all SCells in R10. These issues are discussed in [3] where it is proposed for the SCell activation PHR trigger a UL resource within the TAG of the activated SCell is added to the triggering criteria in order to maintain R10 behaviour with respect to providing allowed power reduction information for all activated SCells. 
It was further discussed that the per UE PHR prohibit Timer may further delay and obscure band specific MPR information and other PHR information (e.g., pathloss) to the eNB scheduler since triggers in one band would block subsequent triggers in another band for which the band specific information was not reported upon setting of the prohibit timer.
In this contribution we review the existing triggers subject to the PHR prohibit timer, i.e., pathloss and power management, to see if the purposes these triggers are intended to achieve are still satisfied in inter-band scenarios. Then we review power headroom information blocking cases where PHR triggers in one band will delay PHR triggers in another band due to the per UE prohibit timer, and also delay band specific information from being reported in another band due to Pcmax,c not being present in virtual PHR. We conclude that in order to maintain R10 behaviour and performance with respect to providing band specific PHR information (e.g., pathloss, MPR, P-MPR) to the scheduler, band specific PHR prohibit timers should be considered.

2 Pathloss and Power Management Triggering
R10 is limited to intra-band and co-located serving cells where it is reasonable to assume that fading is correlated amongst the cells and, therefore, changes in pathloss for these cells would be similar and single pathloss reference and triggering criteria is sufficient. With the introduction in R11 on UL inter-band and remote radio heads (RRH) where serving cells will not be co-located, fading is uncorrelated and pathloss changes on one cell would be unrelated to changes on another cell;  therefore, more than one pathloss reference and change threshold trigger for that reference is needed (i.e. each pathloss reference triggers independently).
Also for allowed power reduction for power management (P-MPR) with inter-band operation, it is expected to be the same on all cells in the same band, but may be quite different or non-existent for the cells in different bands. Therefore similar to the pathloss trigger, the power management change threshold trigger must be applied independently for each band.
When a PHR is sent, at least one CC will provide a real PH since there must be a PUSCH to send the PHR. For intra-band, this is sufficient for providing the eNB scheduler with pathloss, allowed power reduction and power management information since the CCs will act similarly with respect to these effects. The real PH will account for pathloss, and the allowed power reduction and power management reduction effects will be included in the signalled Pcmax,c.

For inter-band when a pathloss change triggers PHR for a CC in a given band or location, the resulting report may have real or virtual PH for the CC in the band or location that triggered the PHR.  Real PH would, obviously, provide the pathloss information, so we consider the case of virtual PH.  Recalling the definition of virtual PH, e.g.,:
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,  P0_PUSCH,c, αc , and fc(i) are known to the eNB, we can see that virtual PHR provides pathloss information (PLc) to the eNB. As both real and virtual PHR provide pathloss information, pathloss would always be available for the band in which the pathloss change trigger occurred.

Observation 1: When triggered by pathloss change, the existing PHR will provide necessary pathloss information to the eNB scheduler for R11 inter-band and RRH scenarios.

When a P-MPR change triggers PHR for a CC in a given band, by definition, the trigger requires PH to be real in the cell for which power management change trigger occurred which will result in Pcmax,c being signalled for that CC; If the trigger occurs, the P-MPR effect can always be derived from the signalled Pcmax,c included in the PHR for the band(s) experiencing the change in power management backoff.
Observation 2: When triggered by power management change, the existing PHR will provide necessary power management information to the eNB scheduler for R11 inter-band and RRH scenarios.

Proposal 1: Existing pathloss and power management triggered PHR reports are sufficient for providing the intended information for these triggers in inter-band scenarios. 

PHR Prohibit Timer
In R10, the prohibit timer blocks pathloss and power management triggering conditions, the intent being to limit the number of PHRs. However, in R11, with uncorrelated fading in DL and different MPR and P-MPR in UL, for example, change in one TAG (fading, MPR, P-MPR) delays reporting of a change in a different group. Whenever one TAG experiences the change and PHR is sent and the prohibit timer is set. Then changes in the other TAG are blocked until the prohibit timer expires. There is no good reason for, e.g., a fading change in one group to delay reporting a fading change in another group.

Observation 3: In R11 inter-band scenarios, due to the per UE prohibit timer, pathloss or power management changes in one band will delay reporting of pathloss, allowed power reduction and power management changes in another band, which are independent of the changes that caused the setting of the prohibit timer.
Also for inter-band there is the possibility that PL change triggers may delay or obscure MPR/A-MPR and P-MPR changes.  If when a PHR is sent, the PH for the cells in one of the bands is virtual, P-MPR and MPR changes in that band would not be known to the eNB (since P-MPR and MPR are set to 0 for the virtual PH) and Pcmax,c would not be reported for cells in that band. In R10 intra-band this is not an issue since all PHR will provide at least one Pcmax,c value for the single band from which P-MPR and MPR can be derived for all activated SCells. In R11 this information will not be provided for activated SCells in a band that has no real transmission in that TTI.
Observation 4: In R11 inter-band scenarios pathloss change triggers will no longer provide allowed power reduction and power management information to the eNB scheduler for all activated SCells, where this information is always provided in R10. 
It should be noted a real transmission requirement could be added to the pathloss change trigger, but in our view providing allowed power reduction information would not justify the delay in reporting pathloss information relative to R10 operation.
For the case of MPR information not being conveyed in the PHR it, could be argued this is not so significant since it is expected the eNB scheduler will track and estimate MPR changes in the UE. This aspect is one reason an MPR change PHR trigger is not needed. But in order to accomplish this, the eNB needs to receive multiple PHRs with MPR information from the reported Pcmax,c. 
In the case of R11 inter-band, this learning of how the UE applies MPR backoff could be further delayed compared to R10 since the MPR allowed power reduction for all activated SCells will not always be reported in each PHR, and the prohibit timer could potentially further delay other triggers that may have provided the MPR information for that band or another band.

For the case of P-MPR, one could expect that when the next real transmission occurs on a cell experiencing a P-MPR change, the PHR would then be triggered to provide the necessary power management information to the scheduler.  This report, however, could potentially be also delayed by the prohibit timer restarted by a pathloss or P-MPR trigger on the other band.

Observation 5: 
Compared to R10 reporting of MPR/A-MPR and P-MPR information may be further delayed due to the per UE prohibit timer.
With TAG specific prohibit timers UE reporting of PH changes (e.g., pathloss, P-MPR) in a TAG will not be blocked by recent PH changes in another TAG. For example, when two nearly simultaneous non-correlated fades in different TAGs occur it is essential that each pathloss change is quickly reported for proper scheduling and not delayed by the prohibit timer.

Proposal 2: RAN2 to consider defining per band prohibit timers in order to maintain R10 reporting of band specific PHR information.
3 Conclusion
In this contribution power headroom triggering and reporting for inter-band and RRH scenarios have been reviewed and the following conclusions have been reached:

Observation 1: When triggered by pathloss change, the existing PHR will provide necessary pathloss information to the eNB scheduler for R11 inter-band and RRH scenarios.

Observation 2: When triggered by power management change, the existing PHR will provide necessary power management information to the eNB scheduler for R11 inter-band and RRH scenarios.

Proposal 1: Existing pathloss and power management triggered PHR reports are sufficient for providing the intended information for these triggers in inter-band scenarios. 

Observation 3: In R11 inter-band scenarios, due to the per UE prohibit timer, pathloss or power management changes in one band will delay reporting of pathloss, allowed power reduction and power management changes in another band, which are independent of the changes that caused the setting of the prohibit timer.

Observation 4: In R11 inter-band scenarios pathloss change triggers will no longer provide allowed power reduction and power management information to the eNB scheduler for all activated SCells, where this information is always provided in R10. 

Observation 5: 
Compared to R10 reporting of MPR/A-MPR and P-MPR information may be further delayed due to the per UE prohibit timer.

Proposal 2: RAN2 to consider defining per band prohibit timers in order to maintain R10 reporting of band specific PHR information.
4 Appendix B - 36.101  v10.5.0  (2011-12)
6.2.5A Configured transmitted Power for CA

For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
For intra-band contiguous carrier aggregation:

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c }

For inter-band non-contiguous carrier aggregation:

-
-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }

-
-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

-
-
PEMAX, c is the value given by IE P-Max for serving cell c in [7].

-
-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1. 
-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 

For inter-band CA, MPR c and A-MPR c apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. For intra-band contiguous CA, MPR c = MPR and A-MPR c = A-MPR with MPR and A-MPR specified in Section 6.2.3A and Section 6.2.4A respectively. 

-
P-MPR c accounts for power management for serving cell c. For intra-band CA, there is one power management term for the UE, P-MPR, and P-MPR c = P-MPR.

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies to the serving cell c. 

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply to the serving cell c.
For inter-band carrier aggregation with one UL serving cell the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H
where 

-
PCMAX_L   = PCMAX_L,c
-
PCMAX_H   = PCMAX_H,c
For intra-band carrier aggregation, Pcmax,c is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.

For inter-band carrier aggregation, Pcmax,c is calculated under the assumption that the transmit power is increased independently on all component carriers.
---Skipped text---
For intra-band contiguous carrier aggregation, 
-
PCMAX_L _CA = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR, P-MPR ) – TC}
-
PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where 
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1.
-
MPR and A-MPR specified in Section 6.2.3A and Section 6.2.4A respectively.
-
P-MPR is the power management term for the UE. 
-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies to the serving cell c. TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply to the serving cell c. 

For inter-band carrier aggregation with up to one serving cell c per operating band: 
PCMAX_L_CA  = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

pPowerClass/(pmprc·tC,c) ], PPowerClass}
PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1. pPowerClass is the linear value of PPowerClass.

-
MPR c and A-MPR c apply per serving cell c and are specified in Section 6.2.3 and Section 6.2.4, respectively. mpr c is the linear value of MPR c. a-mpr c is the linear value of A-MPR c. 
-
P-MPR c accounts for power management for serving cell c. pmprc is the linear value of P-MPR c. 
-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for a serving cell c

-
tIB,c  is the linear value of the inter-band relaxation term of the serving cell c TIB,c. tIB,cwhen no inter-band relaxation is allowed.

---Skipped text---
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