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Discussion and decision
1
Introduction

In RAN2#70 meeting, an LS [1] from RAN1 shows that two types of PHR could be used in carrier aggregation as follows: 
· 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
Furthermore, 
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 format.
In this contribution, we would like to discuss how to use these two types of PHR.
2 Discussion
Even though RAN1 provides two types of PHR it does not mean that Pcell and Scell can arbitrarily use them at any time. Therefore, we would like to discuss which type of PHR could be used for Pcell and Scell. 

2.1 PHR type for Scell

RAN1 agrees that PUCCH is only transmitted on the Pcell so there is no PUCCH transmitted on Scell. As a result, it is reasonable to use Type 1 PHR for Scell. If Scell uses Type 2 PHR by using PUCCH Format 1a as the reference format, the real power headroom is larger than the reported power headroom. Therefore, eNB may underestimate the power headroom. According to the reported power headroom, eNB may not choose the optimal MCS and TB size for the UL transmission due to the underestimation of power headroom. Base on the above analysis, we propose that Scell only uses Type 1 PHR.
Proposal 1: Scell only uses Type 1 PHR.
2.2 PHR type for Pcell

Since we have agreed that PUCCH and PUSCH can be transmitted on the same carrier (i.e., Pcell) at the same time if discontinuous PUCCH/PUSCH allocation is supported, Type 2 PHR seems more reasonable to be used for Pcell when PUCCH and PUSCH are transmitted at the same time. However, when only PUSCH is transmitted on Pcell, Type 1 PHR is also applicable for Pcell. In the case of only PUSCH transmitted, the PHR using Type 1 is more accurate than using Type 2. As a result, we have the following observation:
Observation 1: For Pcell, Type 1 and Type 2 PHRs are both applicable. 
From the decision [2] in RAN#48, the discontinuous PUCCH/PUSCH allocation is de-prioritized. Furthermore, a UE may have an indicator in the UE capability negotiation message to notify the eNB whether or not it supports discontinuous PUCCH/PUSCH allocation. If discontinuous PUCCH/PUSCH allocation is not supported by a UE, Type 1 PHR is enough for Pcell. Therefore, it is enough that Type 1 PHR is used for both Pcell and Scell, i.e., PHR is the same as in Rel-8/9.
Proposal 2: if discontinuous PUCCH/PUSCH allocation is not supported, Type 1 PHR is used for Pcell and Scell, i.e., PHR is the same as in Rel-8/9.

If the discontinuous PUCCH/PUSCH allocation is supported, a UE can use Type 1 or Type 2 PHR depending on whether or not PUCCH and PUSCH are transmitted at the same time. In order to support two types of PHR for Pcell, it may have two methods to indicate which type of PHR is used. 

Explicit method: indicator
An indicator is used to indicate which type of PHR is used. One possible method is using the “R” bit in the MAC subheader or MAC CE [3] to be the indicator. The detail design of an indicator is FFS. 
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Fig. 1 R/R/E/LCID MAC subheader
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Fig. 2 Power Headroom MAC control element
Implicit method: PUCCH transmitted or not
If PUCCH and PUSCH are transmitted on Pcell at the same time, a UE uses Type 2 PHR without reference format. Otherwise, if only PUSCH is transmitted on Pcell, a UE uses Type 1 PHR. The eNB can learn which type of PHR is used.
From above analysis, we may have four options for PHR of Pcell:

Option1: Pcell always uses Type 1 PHR.

Option2: Pcell uses Type 1 or Type 2 PHR depending on an indicator.

Option3: Pcell uses Type 1 or Type 2 PHR depending on whether or not PUCCH is transmitted.
Option4: Pcell always uses Type 2 PHR.
For Option1, since Pcell uses Type 1 PHR and it does not take the transmitting power for PUCCH into account, the reported power headroom is larger than the real power headroom. As a result, the eNB may over allocate the UL power for the UE. 
For option2, it provides accurate power headroom information but a new indicator may need to be introduced. 
For option3, it provides accurate power headroom information. 
For option4, the PHR may be smaller than the real power headroom. It may result in that UE can not use the maximum power, and furthermore it may affect the eNB to choose the MCS and TB size.
From our point of view, Option 1 is not acceptable but Option 2, Option 3 and Option 4 are acceptable for us. So we have the following proposal.
Proposal 3: if discontinuous PUCCH/PUSCH allocation is supported, Option 1 is not acceptable. Furthermore, we would like to kindly ask RAN2 to consider Option2, Option3 and Option 4 and make a decision. 
3 Conclusion

For Scell, the type of PHR is proposed as follows:

Proposal 1: Scell only uses Type 1 PHR.
For Pcell, we consider whether or not discontinuous PUCCH/PUSCH allocation is supported. If discontinuous PUCCH/PUSCH allocation is not supported, we have the following proposal:

Proposal 2: if discontinuous PUCCH/PUSCH allocation is not supported, Type 1 PHR is used for Pcell and Scell, i.e., PHR is the same as in Rel-8/9.

If discontinuous PUCCH/PUSCH allocation is supported, there may be four options for PHR of Pcell:
Option1: Pcell always uses Type 1 PHR.

Option2: Pcell uses Type 1 or Type 2 PHR depending on an indicator.

Option3: Pcell uses Type 1 or Type 2 PHR depending on whether or not PUCCH is transmitted.

Option4: Pcell always uses Type 2 PHR.

Proposal 3: if discontinuous PUCCH/PUSCH allocation is supported, Option 1 is not acceptable. Furthermore, we would like to kindly ask RAN2 to consider Option2, Option3 and Option 4 and make a decision. 
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