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1 Introduction

This contribution discusses how to report Power Headroom based on the way forward on power headroom agreed in [1] by RAN1.
2 Discussion
According to [1]:
The size of PH and its range has been defined ( to be captured in the MAC RAN2 specs and RAN1 specs
The power headroom reports should be transmitted with 6 bits and have the range [40; -23] dB with a resolution of 1 dB. 

The definition of PH it has been clarified ( to be captured in the RAN1 specs
As has been previously decided power headroom is defined as the difference between the UE TX power and the maximum UE TX power. This definition applies to the positive values of the power headroom. The negative values are defined as the difference between the maximum UE TX power and the calculated UE TX power, according to the UL power control formula, when it exceeds the maximum UE TX power. 

The PH triggers have been defined ( to be captured in the MAC RAN2 specs

The PH parameters configuration needs to be confirmed by RAN2 and captured in the RRC specs
The following triggers should apply to power headroom reporting: 

· The path loss has changed more than X dB since the last power headroom report

· Parameter X can take values [1, 3, 6, inf]  in dB

· The time elapsed from previous power headroom report is more than P TTIs

· Parameter P can take values [20, 200, 1000, inf] TTI’s 

· When the periodic trigger is set the UE should send the first report as soon as possible and not wait K TTI’s. It is left to RAN2 to decide what is feasible considering other information exchange. 

· There should be a configurable minimum reporting time of K TTIs i.e. two consecutive reports are not sent more often than every K TTIs.

· Parameter K can take values [0, 100, 200, 1000] TTIs, or if found more suitable by RAN2 in the range of 0 to 1000 TTIs.

A power headroom report can only be sent when the UE has an UL grant. If one or several triggers are fulfilled when the UE does not have a grant the UE should send the report when it has a grant again. It has previously been decided that the Power Headroom report is always valid for the TTI in which it is sent. 

Parameter X is named DL pathloss change; parameter P is named Power headroom periodicity; and parameter K is named Minimum PH reporting time.

We would like to focus our attention on the following points and try to progress RAN2 work based on RAN1 agreements:
Size of PH: 6bits
Since the part of MAC CE which contains the PH has to be byte aligned, two reserved bits needs to be introduced. RAN2 has to choose between: R,R,PH and PH,R,R format. We have a slight preference for R,R,PH, since it seems to be more aligned with all other formats where R bits are at the beginning.
Proposal 1: to capture in the PH structure in the MAC specs according to the Text Proposal in [5].
Triggers
RAN1 considered the following triggers: an event-based trigger (the PH will be reported after a significant change of the pathloss) and a periodic trigger. On top of that a sort of prohibit timer mechanism (which does not affect the periodic triggers) is defined to avoid too many frequent reports.
( The possibility of reporting PH separately from other Scheduling Information (i.e. Buffer Status Report) should be allowed
( There will be some cases when PH and BSR will be reported together due not only to the setting of the periodicity, but also to the fact that the PH can be sent only when there is a grant, although triggered before.

Proposal 2: to capture in the MAC specs the triggers according to Text Proposal in [5].
PH Format

One of the options [2] for the reporting of PH could be to have a separate MAC CE with its own LCID. However this option would increase the overhead (adding 1byte header for PH) in all scenarios when PH and BSR are reported together.

Another alternative has been proposed in [3] and suggests to add three more LCID values to the two existing ones for BSR in order to differentiate among the following cases:
· Short or Long BSR reporting only 

· PH only

· Short or Long BSR reporting and PH reporting together

We agree with the intention of the proposal to reduce the overhead in the third scenario, but we would prefer to avoid the use of so many LCID values. We think that 5 LCID to report two Scheduling Information are too many and some LCID values can be saved.
We think that other two options described in [4] need to be taken into account based on the fact that there are some scenarios where they will be reported together.

The two options imply the use of respectively two R bits or one R bit in the BSR MAC header:

Option 1: to use the existing LCIDs defined for long/short BRS and the two R bits to indicate the presence of BSR only, PH only or both scheduling information.
The clear advantage of this proposal is to reduce overhead in case BSR and PH should be reported together and to save LCID values.

Option 2: to define a new LCID for PH and to use one R bit in the MAC header of the short/long BSR to indicate the presence of PH when both information need to be concatenated.

The advantage of this option compared to Option 1 would be to keep unused the second R bit, whereas the drawback is to reserve an LCID for the PH. However also for Option 2 the main advantage of saving resources and reducing the overhead when BSR and PH need to be reported together is preserved.

Some examples of the two options are shown in the annex A.

Proposal 3: in order to reduce the overhead and save 1 byte when BSR and PH need to be reported together we propose to use two or one Reserved bits in the MAC header of BSR to indicate the presence of the PH. Relevant Text proposals are in [5].
Parameters values:

RAN1 proposes some values for P and K parameters. For parameter K it is left to RAN2 the possibility of having the range of 0 to 1000 TTIs instead of the values [0, 100, 200, 1000].

In our interpretation of  the RAN1 agreements the K parameter will be used to set a sort of prohibit timer, but it will not affect the periodic reporting: ”When the periodic trigger is set the UE should send the first report as soon as possible and not wait K TTI’s”. 
As a consequence the value of the K parameter does not need to be linked to the periodicity and then a continuous range of values where all values are allowed looks also suitable. At the same time fewer bits are needed in the RRC message to represent the 4 values defined by RAN1 than the bits needed for representing the 1001 values in the range [0,1000]: 2 (at most 3 bits considering extension) versus 10 bits.

Proposal 4: to discuss the values of the P and K parameters and agree on the final values for parameter K.
3 Conclusions 

We ask RAN2 to consider the following proposals based on RAN1 agreements on Power Headroom.

Proposal 1: to capture in the PH structure in the MAC specs according to the Text Proposal in [5].
Proposal 2: to capture in the MAC specs the triggers according to Text Proposal in [5].

Proposal 3: in order to reduce the overhead and save 1 byte when BSR and PH need to be reported together we propose to use two or one Reserved bits in the MAC header of BSR to indicate the presence of the PH. Relevant Text Proposals are in [5].

Proposal 4: to discuss the values of the P and K parameters and agree on the final values for parameter K.
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Annex A 
Option 1 - Example on use of R bits to indicate Scheduling Information format
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Option 2 - Example on use of only one R bit to indicate Scheduling Information format
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