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1 Introduction

According to [1], RAN1 has decided to support 2 types of PHR:
· 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

In this paper, we discuss the triggering, transmission and value field definition for both types of PHR.
2 Discussion

2.1 PHR Transmission

PHR is used to derive the power headroom between the transmission power and PCMAX. When the eNodeB receives the PHR, it shall update the stored PH information for subsequent UL scheduling on this carrier. The Type 2 PHR is reported only for the PCC, the only UL CC which features PUCCH.

With regard to PCC scheduling for the subsequent TTIs, there are three cases for each TTI: 

· Case 1: Only PUSCH is transmitted;
· Case 2: PUCCH and PUSCH are transmitted;

· Case 3: Only PUCCH is transmitted;

For case 3, the R8/9 mechanism can be followed, i.e. No PHR is required. For case 1, type 1 PH information is needed by eNodeB. For case 2, type 1 and type 2 PH information are needed by eNodeB. Type 1 and type 2 PHR should be reported to the eNodeB simultaneously as much as possible for accurate power control and UL RRM. This allows ensuring the eNB has up to date information if PUSCH and PUCCH are transmitted in the same TTI. We could get this by defining higher priority for 2 PHR types.
The existing R8/9 PHR MAC CE corresponds with the Type 1 PHR defined above and can be used as-is with and without CA configured. It seems most straightforward to define a new MAC CE to implement the Type 2 PHR. 
During the multiplexing and assembly procedure, the UL TB may not accommodate both PHRs. In this case, there are two options for PHR transmission: 

· Option 1: No PHR is reported;

· Option 2: Only one PHR is reported;

For option 1, PH information may be delayed to the next transmission opportunity by the UE. Over scheduling or power limitation in next transmission may happen because eNodeB could not update the PH information in time. After the eNodeB update the stored PH information according to type 2 PHR, it is safe for subsequent scheduling, so with option2, the Type 2 PHR should be given higher priority.
Proposal 1: Type 1 and type 2 PHR should be reported to the eNodeB simultaneously as much as possible;
Proposal 2: Type 2 PHR should have the higher priority when only one PHR could be reported due to lack of UL resource;
2.2 PHR Triggering mechanism
Based on the above discussion, Type 1 and Type 2 PHR should be triggered simultaneously for transmission in the same TTI. In CA, periodic CQI and ACK/NACK are transmitted on the PUCCH of PCC. In addition to pathloss change, the following factors may also impact the transmission power of PUCCH of PCC:
· The number of CCs aggregated;

· The volume of CQI bits;

· The volume of ACK/NACK bits;

In order to deliver the PH information in time, we may need new factor to describe the transmission power change for PUCCH besides PL change. When the event corresponding to this new factor is triggered, PHR is triggered.
Proposal 3: New trigger event need be defined for PUCCH transmission power change;
2.3 PHR Level Field Length
In R8/9, the PH value range is defined as [40; -23] dB corresponding to 64 levels with steps of 1 dB. But in Rel10, Band 13 CPE has a maximum power of 27 dBm (desktop type) and a minimum power of -40 dBm in [2]. Then the power headroom value range should be [40, -27] dB. And corresponding PH levels should be defined as following with resolution of 1dB:

Table 1: Band 13 CPE Power headroom report mapping

	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-27 ( PH ( -26

	POWER_HEADROOM_1
	-26 ( PH ( -25

	POWER_HEADROOM_2
	-25 ( PH ( -24

	POWER_HEADROOM_3
	-24 ( PH ( -23

	POWER_HEADROOM_4
	-23 ( PH ( -22

	POWER_HEADROOM_5
	-22 ( PH ( -21

	POWER_HEADROOM_6
	-21 ( PH ( -20

	POWER_HEADROOM_7
	-20 ( PH ( -19

	POWER_HEADROOM_8
	-19 ( PH ( -18

	POWER_HEADROOM_9
	-18 ( PH ( -17

	(
	(

	POWER_HEADROOM_61
	34 ( PH ( 35

	POWER_HEADROOM_62
	35 ( PH ( 36

	POWER_HEADROOM_63
	36 ( PH ( 37

	POWER_HEADROOM_64
	37 ( PH ( 38

	POWER_HEADROOM_65
	38 ( PH ( 39

	POWER_HEADROOM_66
	39 ( PH ( 40

	POWER_HEADROOM_67
	PH ≥ 40 


According to table 1, the length of the PH level field should be extended to be 7 bits for supporting 68 PH levels.
Proposal 4: Extending the length of PH level field to 7 bits for supporting more PH levels;
3 Proposals
Proposal 1: Type 1 and type 2 PHR should be reported to the eNodeB simultaneously as much as possible;

Proposal 2: Type 2 PHR should have the higher priority when only one PHR could be reported due to lack of UL resource;

Proposal 3: New trigger event need be defined for PUCCH transmission power change;

Proposal 4: Extending the length of PH level field to 7 bits for supporting 68 PH levels;
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