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1. Introduction
During the RAN2#70bis meeting, the following conclusions were reached [1] with respect to Power Headroom Reporting (PHR) in Carrier Aggregation (CA):

	Agreements: 

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.


	Agreements:

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

Following cases are 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 ?


	Agreement:

1) 
When PHR report is triggered, PHR is reported for  all configured CC's. 


-  FFS if further restricted by UL CC activation 


-  FFS how we define a virtual/ref format

FFS if the network should further be able to restrict the PHR reporting by excluding PHR reporting for certain CC's.


Furthermore, a LS was sent to RAN WG1 and RAN WG4 inquiring about the need for a Per UE PHR [2].

This contribution addresses several open issues with respect to PHR in CA.
2. Discussion
2.1 Restricting PHR for certain SCells
It has been agreed for UEs to report PHR for all configured P/SCells (with configured UL) when a PHR is triggered. However, it is FFS (1) if the network should be able to configure on/off of PHR reporting per P/SCell and (2) whether PHR is reported also for a deactivated SCell.

Need for on/off configuration per P/SCell

The PH formula in [3] is shown below:

PH = Pcmax – 10log(Mpusch) – Po_pusch – alpha * PL – deltaTF - f

When considering intra-band UL CA, most of the PH formula components would have common values across different P/SCells, or the difference would be known apriori by the eNB, as shown below in Table 1.
	PH formula component
	How different will they be across different P/SCells of the same band?

	Pcmax
	Could vary across different P/SCells depending on the UE transmission filter design, but only within the UE maximum output power requirements defined in [4].

Note that for many of the existing Bands, the UE maximum output power requirement itself does not vary within a Band. Even if it varies, it is know apriori by the eNB.

	10log(Mpusch)
	This factor only varies with the number of PUSCH RBs used for PH calculation, and is known apriori by the eNB.

	Po_pusch
	Could vary across different P/SCells depending on the experienced interference, but the values are known apriori by the eNB.

	Alpha
	No real need is seen to vary this factor across different P/SCells. Even if it varies, the values are known apriori by the eNB.

	PL
	Would not vary across different P/SCells for CA deployment scenario 1 [5], which is considered to be the most typical deployment scenario.
Would vary for CA deployment scenario 3/4 [5].
(CA deployment scenario 2/5 [5] is rather inter-band CA.) 

	deltaTF
	No real need is seen to vary this factor across different P/SCells. Even if it varies, the values are known apriori by the eNB.

	F
	Would not vary across different P/SCells if closed loop TPC is not utilized.
Could vary if closed loop TPC is utilized, but the value can be estimated by the eNB. UL grant false alarms and miss detections would cause mismatch regarding the status of this factor between the eNB and UE, but target error rate is 1% for both cases.


As in Table 1, there may be some difference across different P/SCells within a Band which may not be entirely known by the eNB, but such uncertainties may not impact UL performance that much. Therefore, we think in many cases, PHR reporting would only be required for the PCell and selected SCells.
Furthermore, we don’t see any practical reasons why the standard would not allow the network to configure on/off of PHR reporting per SCell. As it has been agreed that the parameters (dl-PathlossChange, periodicPHR-Timer, prohibitPHR-Timer) are either per UE, or per P/SCell but with common values, only 1bit overhead is incurred per SCell in RRC signalling with such NW on/off configuration.

Proposal 1: PHR reporting (on/off) should be configurable per SCell (for which UL is configured). When PHR is configured, PHR reporting for the PCell is always applicable.

PHR reporting for deactivated SCells
In their LS [6], RAN4 has indicated that in order to exploit battery saving gains from deactivation, pathloss measurements on deactivated SCells would not be updated so frequently. In this sense, the need for PHR reporting for SCells (with configured UL) for which the pathloss reference is deactivated becomes questionable.

It is noted that if PHR reports for SCells are included/omitted based on the activation/deactivation status of the pathloss reference, some Cell Index information would be required in the PHR MAC control element to ensure the eNB to relate the reported PH values to the correct P/SCells even when there is a mismatch between the activation/deactivation status between the eNB and the UE. However, such Cell Index information is anyways considered useful to avoid ambiguity during SCell addition/removal.
Proposal 2: PHR reporting may be omitted for SCells (for which UL is configured) whose pathloss reference is deactivated.

2.2 prohibitPHR-Timer: running per UE or per P/SCell?
Considering that the following is agreed, there seems to be no value in having maintaining prohibitPHR-Timer per P/SCell:

· When PHR report is triggered, PHR is reported for all configured CC’s.

· There shall be one periodicPHR-Timer timer per UE i.e. only 1 value configured, and only 1 timer running in the UE valide for all CC’s

Proposal 3: Only 1 prohibitPHR-Timer timer is maintained by a UE which is valid for all P/SCells.

2.3 Reference PUSCH format
It has been agreed that PHR will be reported for all P/SCells (configured with an UL) when a PHR report is triggered, regardless of whether PUSCH is allocated for all of the corresponding P/SCells. As the PH formula is a function of (1) PUSCH RB allocation and (2) selected transport format, a “reference PUSCH format” needs to be defined for the UE to calculate the PH value for P/SCells where no PUSCH allocations are made. For those P/SCells where PUSCH is allocated, PH calculation can be based on the actual PUSCH format.

Proposal 4: When reporting PHR for a P/SCell, if PUSCH allocation is available for the P/SCell in that TTI, UE shall calculate the PH value using the allocated PUSCH format. If PUSCH allocation is not available for the P/SCell in that TTI, UE shall calculate the PH value using a “reference PUSCH format”.

Below, we suggest what the reference PUSCH format can be.

The following needs to be know in order for the UE to calculate the PH values:

· Number and location of PUSCH RBs

· deltaTF

Number and location of PUSCH RBs
We suggest using the center 6 RBs of the corresponding P/SCell as the reference PUSCH RB allocation.

6 RBs seems to be a good number since (1) it is supported in any LTE system bandwidth (i.e. even for 1.4MHz) and (2) 6 RBs is a good number of RBs to actually allocate to a UE when considering frequency scheduling gains (e.g. for 5MHz system bandwidth, 3-4 UEs/TTI).

Furthermore, it is good to use the center RBs since RBs located at the system bandwidth edge are more subject to A-MPR.

Proposal 5: The center 6 RBs of the corresponding P/SCell is used as the “reference PUSCH format”.

deltaTF
deltaTF can just be set to 0, which is equivalent to the case where deltaMCS-Enabled is set to “en0”(or Ks as in [3] equals “0”).

Proposal 6: deltaTF = 0 is used as the “reference PUSCH format”.

3. Conclusion
This contribution addressed several open issues with respect to PHR in CA, and proposes the following:

Proposal 1: PHR reporting (on/off) should be configurable per SCell (for which UL is configured). When PHR is configured, PHR reporting for the PCell is always applicable.

Proposal 2: PHR reporting may be omitted for SCells (for which UL is configured) whose pathloss reference is deactivated.

Proposal 3: Only 1 prohibitPHR-Timer timer is maintained by a UE which is valid for all P/SCells.

Proposal 4: When reporting PHR for a P/SCell, if PUSCH allocation is available for the P/SCell in that TTI, UE shall calculate the PH value using the allocated PUSCH format. If PUSCH allocation is not available for the P/SCell in that TTI, UE shall calculate the PH value using a “reference PUSCH format”.

Proposal 5: The center 6 RBs of the corresponding P/SCell is used as the “reference PUSCH format”.

Proposal 6: deltaTF = 0 is used as the “reference PUSCH format”.
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