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1. Introduction 
During RAN2#70 meeting, a LS on power headroom reporting for carrier aggregation [1] was received from RAN1. The followings are captured in the LS:
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

The following aspects of the PHR procedure are assumed to be discussed in RAN2 and would not be discussed in RAN1 unless requested by RAN2:

· 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 

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 format. 

In addition, the following issues related to PHR are currently open in RAN2 as captured in [2] and currently under-going email discussion [70#15]: 
1. Configure usage of PHR per UL CC ?

2. Do we need to support Tx of PHR on another CC ?

3. Prohibit/period timers/pathloss change 


- only one set of timers running/one ref monitored


- timers/pathloss change monitored per CC



- one value, or one value per CC ?


- do we always sent the reports grouped together ?

In this paper, we discuss the open issues on PHR for PUCCH and PUSCH as indicated in [1] and how these relate to the open issues in RAN2 on PHR for PUSCH.
2. Type 1 and Type 2 PHR
As discussed in RAN1#61, the Type 2 PHR is introduced to account for the power usage of PUCCH since the current working assumption in RAN1 is simultaneous transmission of PUSCH and PUCCH can occur in the same subframe on the UL PCC. The PHR of PUCCH cannot be accurately deduced from the PHR of PUSCH, i.e. from Type 1 PHR only, since different UL power control and TPC are applied to PUCCH and PUSCH. The purpose of Type 1 PHR is to allow the eNB to determine the appropriate PUSCH MCS to assign to the UE on a subframe where the UE does not transmit PUCCH. The purpose of Type 2 PHR is to allow the eNB to determine the appropriate PUSCH MCS to assign to the UE on a subframe where the UE transmits PUCCH.
2.1. Triggering Mechanism
In Rel-8/9, the triggering mechanism of PHR for PUSCH is based on the following parameters: dl-PathlossChange, periodicPHR-Timer and prohibitPHR-Timer. For carrier aggregation, same set of parameters are also considered for CC-specific PHR of PUSCH. The set of parameters is either on a per CC basis or per UE basis as being discussed in email discussion [70#15].
For Type 2 PHR, there is no need to introduce new triggering mechanism since the pathloss reference for both PUCCH and PUSCH is based on the same DL CC, i.e the DL PCC. When the trigger condition is met, i.e., when the prohibitPHR-Timer expires and the change in measured DL pathloss since the last PHR was transmitted exceeds the dl-PathlossChange threshold; or when the periodicPHR-Timer expires, the UE will trigger both Type 1 and Type 2 PHRs. Once the PHRs have been transmitted, the prohibitPHR-Timer or dl-PathlossChange is restarted.
Proposal 1: The same set of PHR parameters should be applied to both Type 1 and Type 2 PHRs on the UL PCC. When the trigger condition is met, the PHRs for both PUCCH and PUSCH are triggered.

2.2. Transmission of Type 1 and Type 2 PHRs

As discussed in Section 2.1, once the trigger condition is met, both Type 1 and Type 2 PHRs are triggered. Since both types of PHR are important to the eNB to determine the appropriate MCS to assign to the UE and the eNB’s scheduler should have the flexibility to decide which subframe (i.e., a subframe where the UE transmits PUCCH or does not transmit PUCCH) to assign PUSCH to the UE, both types of PHR should therefore be transmitted to the eNB at the same time.
In addition, as discussed in Section 2.1, since the same set of timers are maintained for both Type 1 and Type 2 PHRs, additional complexity will be introduced if the Type 1 and Type 2 PHRs are transmitted at different subframes. Further, if Type 2 PHR is only transmitted when the PUSCH is scheduled on the subframe where PUCCH is transmitted, the transmission of Type 2 PHR will be delayed. The amount of delay is uncertain since it depends on when the eNB will schedule the PUSCH on the same subframe as PUCCH transmission. In this case, it would not be possible to maintain the same set of timers for both Type 1 and Type 2 PHRs.
Proposal 2: Both Type 1 and Type 2 PHRs should be transmitted to the eNB at the same time, i.e. in the same subframe.
2.3. The UL CC to Transmit the Type 1 and Type 2 PHRs

This issue is related to the open issues in the current RAN2 email discussion [70#15]. We consider a PHR of a UL CC can be transmitted on any UL CC which is scheduled. This allows the eNB to have sufficient information of the PHR of different UL CCs for scheduling and link adaptation purpose. For example, to improve spectrum efficiency, the eNB can schedule the UE on the UL CC that can accommodate the highest MCS; or the eNB may consider other factors in the scheduling including fairness across UEs, loading on different CCs, etc. In addition, UE should have the flexibility to choose which scheduled UL CC to transmit MAC CE, e.g. the UE may choose to avoid transmitting MAC CE on a UL CC which is heavily punctured by UCI.
Proposal 3: Both Type 1 and Type 2 PHRs can be transmitted on any scheduled UL CC.
3. Conclusions
In this paper, we discussed the open issues related to Type 1 and Type 2 PHRs. Here is a summary of our proposals:

Proposal 1: The same set of PHR parameters should be applied to both Type 1 and Type 2 PHRs on the UL PCC. When the trigger condition is met, the PHRs for both PUCCH and PUSCH are triggered.

Proposal 2: Both Type 1 and Type 2 PHRs should be transmitted to the eNB at the same time, i.e. in the same subframe.
Proposal 3: Both Type 1 and Type 2 PHRs can be transmitted on any scheduled UL CC.
References

[1] R2-103445, “LS on power headroom reporting for carrier aggregation,” RAN1, May 2010.

[2] R2-10xxxx, “Report of 3GPP TSG RAN WG2 meeting #70,” ETSI MCC, June 2010.
1

