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1
Introduction

During RAN1 #59bis meeting and following e-mail discussion, the following was agreed regarding to power headroom reporting in LTE-A. [1]
Per CC 
- PHR report should include CC specific reports for PUCCH/ PUSCH

FFS whether individual or combined PUCCH/PUSCH PHR

In this document, we discuss and suggest further details about remaining issues of PHR in LTE-A 
2
Discussion
2-1
PHR regarding to UE’s condition

In LTE-A system, since concurrent transmission of PUSCH and PUCCH is possible, the PHR in LTE-A can be modified to support the concurrent transmission. But it can also be possible PUCCH piggyback mode for some UEs which are power limited or located in cell boundary region [2]. In such case different PHR method can be applied. Therefore in this document we discuss possible PHR methods regarding to possible UE’s conditions.
2-1-1
Simultaneous transmission case
In LTE Release 8, there are two options of dealing TPC command for PUSCH which are ‘Accumulation mode’ and ‘Absolute mode’ while there is only one option of dealing TPC command for PUCCH, that is ‘Accumulation mode’. Similar to LTE system, LTE-A also will have the same options about PUSCH TPC mode and PUCCH TPC mode.

Regardless of whether an LTE-A UE is configured as ‘Accumulation mode’ or ‘Absolute mode’ for PUSCH TPC, there is still uncertainty of PUCCH power headroom considering the case that the UE misses some of the PUCCH TPC commands. Due to that uncertainty of PUCCH power headroom it can be useful that LTE-A UEs transmit PH information about both PUSCH and PUCCH PHs to the serving eNB for more accurate MCS level selection and power management when PUSCH and PUCCH can be transmitted simultaneously in a UL CC. There are two possible methods to send the headroom information about PUSCH and PUCCH as the following. 
2-1-1-1
Single combined PH
In this method a single combined PH is transmitted to the serving eNB as shown in figure 1. Here the word ‘combined’ means that if PUSCH and PUCCH are supposed to be transmitted in a UL CC, then transmit Pcmax(i) – PPUSCH(i) – PPUCCH(i) is transmitted as a single power headroom and if PUSCH is only supposed to be transmitted, then transmit Pcmax(i) – PPUSCH(i) is transmitted, where Pcmax(i) is the maximum allowable power of ith CC and PPUSCH(i) and PPUCCH(i) are scheduled power of PUSCH and PUCCH respectively. 
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Figure 1. Single combined PH
In this case, to extract both PUSCH PH and PUCCH PH from a single combined PH, previous PUSCH-only PH report and accumulated TPC information are needed. Considering the case that the UE misses some of the TPC commands, extracting both PHs from a single combined PH can be dubious.
2-1-1-2
Individual PUSCH PH and PUCCH PH
In this method both PUSCH PH and PUCCH PH are transmitted separately to serving cell. There can be two possible options to send individual PUSCH PH and PUCCH PH as the following.

Option 1: Always transmit both PUSCH PH and PUCCH PH. 
This means that UE transmits both PUSCH PH and PUCCH PH in case of  PHR timing regardless of whether a UE transmits both PUSCH and PUCCH simultaneously or not (i.e. PUSCH only). (see Fig. 2)
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Figure 2.
Option 2: Transmit PUCCH PH as well as PUSCH PH, only in case of concurrent transmission
In this case, UE transmits both PUSCH PH and PUCCH PH only when concurrent transmission on two UL channels is required. Otherwise (i.e. if PUSCH only transmission is needed), UE transmits PUSCH PH only. (see Fig 3)
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Figure 3.

Comparing with the above single combined PH, these methods can have more overhead due to additional transmission of PUCCH PH, but this additional overhead may not incur severe degradation of system performance since PH reporting period is relatively large and payload of a PH will be just several bits. And by help of additional payload increase, eNB can select more accurate MCS level for PUSCH transmission of UE and it can help to keep UEs away from UL power limited situation.
· Suggestion 1: In concurrent transmission case, regardless of whether UE is configured as ‘Absolute mode’ or ‘Accumulation mode’ for PUSCH TPC, UE report both PUSCH PH and PUCCH PH to its serving eNB. And it should be decided further whether PUSCH PH and PUCCH PH are always reported or reported only when PUCCH and PUSCH are transmitted concurrently.
2-1-2
PUCCH piggyback case
PUCCH piggyback case means that if PUSCH and PUCCH are scheduled simultaneously, then PUCCH is piggybacked to PUSCH. PUCCH piggyback can always be applied or configured per UE depending on the further discussion and decision [2]. Since there is no need of PUCCH PH transmission in this case, it seems natural that UE in this piggyback mode only transmit PUSCH PH.
· Suggestion 2: In PUCCH piggyback case, UE only transmit PUSCH PH as in LTE.
2-2
Cross carrier transmission of PHR
In some case it can be useful that PH of an UL CC be transmitted onto PUSCH of another UL CC. For example, if UE is power limited in an UL CC, then reliability of PUSCH transmission in that UL CC could be worse than other(non-power limited) UL CC. In such case it can be beneficial to move PH of power limited UL CC to another non-power limited UL CC. And additionally in case of PUCCH only transmission in an anchor CC, it could be investigated that PUCCH PH of an anchor UL CC be transmitted onto PUSCH of another UL CC or the PUCCH PH be transmitted in a later transmission of PUSCH as Fig. 4
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Figure 4
· Suggestion 3: Cross carrier transmission of PHR can be investigated.
3 
Summary
In this document we discussed possible PHR methods considering UE’s conditions and dealt with cross carrier transmission of PHR. The followings are suggestions of this document.

· Suggestion 1: In concurrent transmission case, regardless of whether UE is configured as ‘Absolute mode’ or ‘Accumulation mode’ for PUSCH TPC, UE report both PUSCH PH and PUCCH PH to its serving eNB. And it should be decided further whether PUSCH PH and PUCCH PH are always reported or reported only when PUCCH and PUSCH are transmitted concurrently.
· Suggestion 2: In PUCCH piggyback case, UE only transmit PUSCH PH as in LTE.

· Suggestion 3: Cross carrier transmission of PHR can be investigated.

4 
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