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1
Introduction
In Xian, it was agreed that P_CMAX,c is reported together with all per-CC PHRs [1]. 
· PCMAX,c is reported together with all per-CC PHRs.

· PCMAX,c is the value used for the calculation for the reported per-CC PHR.

· PHR is calculated based on the power before power scaling (similar to single-CC operation of Rel8/9)

· PCMAX,c of current assignment is reported in MAC CE

· RAN2 can consider overhead reduction methods for the following cases:

· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs

Also, RAN1 has concluded on the reference formats for virtual PHR [2] and left it to RAN2 to consider “overhead reduction methods for reporting of PCMAX,c when MPR, A-MPR and ΔTc set to zero”
In this document, we discuss further details on P_CMAX,c reporting and the need for new PHR triggering mechanisms.
2
Discussion
2.1 P_CMAX,c Reporting for non CA scenarios
P_CMAX is the configured maximum output power for the UE and is a function of P_PowerClass, P_EMAX, MPR, A-MPR and TC [3]. For LTE Rel8, P_CMAX was defined as shown below. For LTE Rel10, current RAN1 agreements [4] assume a separate value of P_CMAX (P_CMAX,c) for each aggregated UL component carrier. 
MIN {(PEMAX – TC) , (PPowerClass – MPR – A-MPR – TC)} ≤  PCMAX  ≤  MIN {PEMAX,  PPowerClass} 
As equation above illustrates, the UE is allowed to apply a power back off between 0dB and (MPR + A-MPR + TC) dB to determine P_CMAX. The exact value of the back off applied by the UE is not known to the eNB. However, the eNB can assume that the back off applied by UE is smaller than MPR + A-MPR + TC depending on MCS level (impacts MPR), RB allocation within a given frequency band (impacts MPR, A-MPR, TC) and additionally signaled ACLR and spectrum emission requirements (impacts A-MPR).       
According to discussions in RAN4 [5], Rel10 UL transmission mechanisms such as simultaneous transmission of PUCCH and PUSCH transmission or clustered PUSCH would generate additional inter-modulation products in the UE transmitter chain and a transmitter power back-off (most likely in addition to the power back offs already allowed for Rel8) is needed in order to address the inter-modulation issues. The value of the new back off can be 4 to 10dB depending on the UE’s RB allocation. This new back off is also expected to be included while computing P_CMAX,c in Rel10. Given the large values possible for the new power back-off and consequently the large variation possible for P_CMAX,c, reporting P_CMAX,c along with PHR, helps the eNB better understand the power headroom report sent from the UE.

Along with the simultaneous PUCCH&PUSCH transmission and clustered PUSCH transmission cases (on same or different CCs), UEs may have to apply an additional power back off when configured for dual-RAT transmissions (e.g. simultaneous LTE and 1xRTT) [6] and [7]. Reporting P_CMAX along with PHR will also help the eNB to better understand PHR reports for the dual-RAT transmission case as well.

In both RAN1 and RAN2, discussions on additional reporting for PHR were focused mainly in the context of carrier aggregation. However, based on the discussion above, P_CMAX reporting is beneficial for non CA cases as well. Given this, we propose that P_CMAX,c reporting should apply to both CA and non CA cases. 

Proposal 1: Reporting of P_CMAX,c along with PHR is supported for both CA and non CA Rel10 UE configurations.    
Given the parameter p-MAX (corresponding to the parameter P_EMAX in [3]) currently has the range [-30,33] dBm, the same range of values can be used for P_CMAX,c reporting so that each P_CMAX report fits within 1 byte. The actual values of P_CMAX,c that a UE is allowed to report for a given scenario however will be limited based on the additional back off requirements that are expected to be specified in RAN4 (e.g., RAN4 can specify separate limits such as A-MPR_nonContig, A-MPR_dualRAT in addition to the MPR and A-MPR defined for Rel8). 
2.2 Further optimisation of P_CMAX,c Reporting
Current agreement in RAN1 is that P_CMAX,c is reported together with all per-CC PHRs. However as indicated in [1] and [2], RAN2 can consider reducing the overhead of P_CMAX,c reporting by optimising P_CMAX,c reports for some cases. 
Based on the agreements in RAN1 and RAN2, the following PHR and P_CMAX,c report type/format combinations need to be supported by a Rel 10 UE: 

1. Type 1 only + P_CMAX,c(PUSCH) for Pcell and Type 1 only + P_CMAX,c(PUSCH) for each activated Scell (with UL) if the UE is not configured with simultaneous PUSCH&PUCCH.
2. Type 1 + Type 2 + P_CMAX,c(PUSCH) + P_CMAX,c(PUCCH+PUSCH) for Pcell and Type 1 only + P_CMAX,c (PUSCH) for each activated Scell (UL) if the UE is configured with simultaneous PUSCH&PUCCH.

If the optimisation of reporting a single P_CMAX,c for the case where “PCMAX,c is the same for multiple CCs” is supported, UE needs to report the following additional type/format combinations 
3. Type 1 only + P_CMAX,c(PUSCH, common) for Pcell and Type 1 only for each activated Scell (with UL) if the UE is not configured with simultaneous PUSCH&PUCCH.

4. Type 1 + Type 2 + P_CMAX,c(PUSCH, common) + P_CMAX,c(PUSCH+PUSCH,) for Pcell and Type 1 only for each activated Scell (UL) if the UE is configured with simultaneous PUSCH&PUCCH.

If the optimisation of reducing overhead (i.e., dropping P_CMAX,c) when “ MPR, A-MPR and ΔTc set to zero” is supported, UE can drop the P_CMAX,c for virtual PHRs for the Scells and virtual PHR for the PCell (if a PUCCH transmission is not present). However, this would add further PHR and P_CMAX,c report type/format combinations based on presence/absence of UL grants for some serving cells.
Dropping P_CMAX,c reports for some scenarios reduces overhead. However, such selective dropping increases the number of PHR and P_CMAX,c report type/format combinations that the UE has to support and consequently also increases conformance testing complexity. Considering that each P_CMAX,c report requires 1 byte of extra overhead and most overhead savings are realised only for case the where the UE has multiple serving cells activated (in UL) or, for the case where the UE supports simultaneous PUSCH&PUSCH (both cases considered relevant only for high geometry UEs), we believe that supporting the first two combinations where the UE reports P_CMAX,c with all PHR reports is sufficient for LTE Rel10.  

Proposal 2: P_CMAX,c is reported with all per CC PHRs. Selective dropping of P_CMAX,c for certain scenarios is not supported..    

2.3 Support for Additional PHR reporting triggers

In LTE Rel8, an aperiodic PHR report is sent by the UE if a) the UE has UL resources for new transmission b) prohibitPHR-Timer expires or has expired and c) the path loss measured by the UE has changed more than dl-PathlossChange dB since the last transmission of a PHR. 
This mechanisn allows the network to receive PHRs for cases where the a large chage in path loss (larger than PathlossChange dB) causes a large change in power headroom available at the UE. As discussed previously, power headroom for LTE Rel10 can vary considerably based on a change in P_MAX,c used by the UE even if the path loss of the UE does not change for that serving cell. Considering this, adding a PHR report trigger based on P_CMAX,c change threshold (e.g. PcmaxChange dB) allows the eNB to get updated power headroom information for scenarios such as activation of new UL CCs or onset of a dual-RAT transmission. While addiing a new trigger gives more information to the eNB it also icreases PHR reporting overhead sent by UE. However, the additional reporting can be controlled by the eNB by using appropriate settings for the prohibitPHR-Timer P_CMAX,c change threshold.   
3
Conclusions

We propose the following

Proposal 1: Reporting of P_CMAX,c along with PHR is supported for both CA and non CA Rel10 UE configurations.  
Proposal 2: P_CMAX,c is reported with all per CC PHRs. Selective dropping of P_CMAX,c for certain scenarios is not supported..    
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