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1. Introduction
In the RAN2#70bis meeting held in Stockholm, the following agreements were reached for PHR reporting:
Scell:

1. For Scell PHR we only use Type 1 PHR.

Pcell:

2. If parallel PUCCH&PUSCH allocation is not supported (FFS if this case exists):


-  Type 1 PHR is used for Pcell and Scell, i.e., PHR is the same as in Rel-8/9.

3. If parallel PUCCH&PUSCH allocation is supported, if there is PUCCH and PUSCH transmission on the Pcell in this TTI:

-  Pcell transmits Type1 and Type2 PHR together
However, the following cases are still kept FFS:

4. If parallel PUCCH&PUSCH allocation is supported, if there is only PUSCH transmission on the Pcell in this TTI:
a) Type 1 & Type2
b) Only Type 1

5. If parallel PUCCH&PUSCH allocation is supported, if there is only PUCCH transmission on the Pcell in this TTI:
a) No PHR for Pcell
b) Type 1 & Type 2


-  assume zero power for PUSCH or some virtual PUSCH format?
c) Only Type 2


-  assume zero power for PUSCH or some virtual PUSCH format?
Based on the current status of PHR discussion, this paper gives further analysis on the following open issues related to the PHR reporting:
·    For which CCs to report PHR? Including 2 questions to answer:

·  Configured CCs, activated CCs or scheduled CCs?
· Is virtual PHR needed?

·    Whether to report PHR Type 1 and/or Type 2 in case 4 and case 5.

·    Per-CC or per-UE prohibitPHR-Timer
2. Discussion
2.1 For which CCs to report PHR

For the scope of CCs to report PHR, the following agreement was reached at RAN2#70bis with details FFS:
-   When PHR report is triggered, PHR is reported for all configured CC's.
· FFS if further restricted by UL CC activation 

· FFS if the network should further be able to restrict the PHR reporting by excluding PHR reporting for certain CC's.
· FFS how we define a virtual/ref format

According to the above agreement, it implies a baseline is that upon PHR trigger, PHR for any configured CC is needed unless it is deemed to be useless. For the scheduled CCs with uplink transmission in the TTI with PHR transmission, the behaviour is just like Release 8/9, there is no reason to not report PHR for them. For the activated CCs which are not scheduled for uplink transmission in this TTI, since it is highly possible to be scheduled by the eNB in the following TTIs, power headroom information of them is helpful for the eNB to do efficient scheduling. For the deactivated CCs, however, since it is not expected to be scheduled before activation, PHR is only needed when its corresponding DL CC and the UL CC itself is activated, PHR is not needed for them in deactivated status. In summary, PHR is needed for all the activated CCs, no matter whether it is scheduled in this particular TTI.
Proposal 1: When PHR is triggered, PHR is reported for all the activated CCs.
It was been agreed in Montreal meeting that power headroom is reported on a per-CC basis, and 2 types of power headroom are defined by RAN1 [2]:

-   Type 1 power headroom report is computed as: P_cmax,c minus PUSCH power

-   Type 2 power headroom report is computed as: P_cmax,c minus PUCCH power minus PUSCH power
From the above PH definition, it is obvious that both of them require a concrete value of PUSCH transmission power, and Type 2 even requires a concrete value or PUCCH transmission power. However, Proposal 1 requires that PHR needs to be reported for each activated CCs, no matter whether it is scheduled or not in this TTI. If an active CC is not scheduled in this TTI, UE is not able to obtain its actual transmission power and so it is not possible to calculate its power headroom.
To solve this problem, a value of PUSCH/PUCCH power has to be defined in a way that both eNB and UE can have the same understanding. Zero power is a basic assumption, because there is no actual transmission anyway. To deliver this special information, a reference format needs to chosen in terms of the transmission format and PRB number. For PUCCH, RAN1 has agreed that PUCCH format 1a is used as the reference format if PUCCH is not actually transmitted in the TTI. For PUSCH, the introduction of a reference format and detailed definition of format/resource is in discussion, we think at least the similar principles with PUCCH reference format can apply. [1] proposed to use the center 6 RBs of the corresponding P/SCell as the “reference PUSCH format” and deltaTF = 0 as the “reference PUSCH format”, its feasibility has not been widely discussed and other potential alternatives can also be investigated. The PHR using reference format is named as virtual PHR to be differentiated with the actual PHR.
In summary, if an UL CC is not scheduled in the TTI with PHR reporting, a reference PUSCH format is used for the calculation of its PH value to report.
Proposal 2: Virtual PHR with PUSCH reference format is introduced.

2.2 Type 1 and Type 2 PHR
In Case 4, if parallel PUCCH&PUSCH allocation is supported, and there is only PUSCH transmission on the Pcell in this TTI, shall PHR Type 1 and Type 2 be reported simultaneously or only Type 1? Since RAN1 has already agreed that PUCCH format 1a shall be used as PUCCH reference format in case PUCCH is not transmitted in Pcell in a TTI, it does not add too much complexity to just include it in the PHR report. More importantly, since the Type 2 PHR can help eNB to get accurate information of power distribution between PUCCH and PUSCH, it is beneficial for future scheduling of eNB.
In Case 5, if parallel PUCCH&PUSCH allocation is supported, and there is only PUCCH transmission on the Pcell in this TTI, shall the PHR be reported for Pcell and which Type is going to be included? Since the PH is important information for uplink scheduling of future TTIs in stead of the current TTI, it does not matter whether there is uplink transmission in this TTI as long as future transmission is possible to happen. From this sense, PHR report is needed even in the case with only PUCCH transmission. For the selection between Type 1 and Type 2, since both PUCCH and PUSCH power are useful for future scheduling, it is suggested to report both of them.
If Proposal 1 is agreeable, PUSCH and PUCCH reference format can be used to calculate the PHR of both Type 1 and Type 2.
Proposal 3: Both Type 1 and Type 2 PHR are reported in Case 4 and Case 5.
2.3 Per-CC or per-UE prohibitPHR-Timer
In the current R8/9 standard, a PHR shall be triggered if any of the following events occur: [4]
-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the last transmission of a PHR when UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the  function.

For the usage of PHR parameters in CA case, the following agreements were made in RAN2#70bis:
1:  There shall be one dl-PathlossChange parameter per UE.

2:  There shall be one periodicPHR-Timer timer per UE i.e. only 1 value configured, and only 1 timer running in the UE valid for all CC's

3:  It shall be allowed to transmit a PHR report on any UL CC, e.g. PHR of CC1 can be sent on CC2.

4:  Only one prohibitPHR-Timer value is configured. FFS if we have a timer running per CC or for the UE as whole.
Now the only open issue is whether prohibitPHR-Timer is running per CC or per UE. Some papers suggested to maintain the timer on a per-UE basis, to simply the standard and keep alignment with periodicPHR-Timer and dl-PathlossChange. However, since the overhead of PHR is considerable in CA case, especially when considering the future extension to inter-band scenario and support of more CCs, it is possible that the uplink resource in a TTI is not enough to carry all the PHRs triggered. Another reason of restriction may be the BSR report which is prioritized over PHR according to the current specification. In this case, PHR report in multiple TTIs should be allowed. That is, when PHR reporting is triggered, PHR for part of the CCs are reported in a TTI and the others are reported in the subsequent TTIs. To facilitate this flexible PHR reporting in multiple TTIs, prohibitPHR-Timer should be running on a per-CC basis and restarted upon transmission of the PHR for the corresponding CC.
Proposal 4: prohibitPHR-Timer is running on a per-CC basis.
3. Conclusion
This contribution discusses the open issues of PHR reporting for carrier aggregation, and the following proposals are given for decision:
Proposal 1: When PHR is triggered, PHR is reported for all the activated CCs.

Proposal 2: Virtual PHR with PUSCH reference format is introduced.

Proposal 3: Both Type 1 and Type 2 PHR are reported in Case 4 and Case 5.
Proposal 4: prohibitPHR-Timer is running on a per-CC basis.
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