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1
Introduction
A way forward on power headroom reporting has been agreed in RAN1 [1]. This contribution summarizes the RAN1 agreement and discusses how it can be captured in 36.321.
2
RAN1 Agreement
The power headroom reports should be transmitted with 6 bits and have the range [40; -23] dB with a resolution of 1 dB. 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 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.
3
Discussion
Unlike for a BSR, a PHR should not trigger an SR and will be considered as pending as long as no UL resources are granted. As a result, there is probably little benefit in defining complex triggers as no PHR will be sent if there is no uplink resource; and while waiting for uplink resources, something as simple as a periodic BSR could occur, making the earlier and complex trigger useless.

When UL resources are regularly available, there is no difference between a periodic trigger and the proposed action related to parameter P (the time elapsed from previous power headroom report is more than P). However, a periodic PHR brings the benefit of offering a fixed time reference: both the eNB and the UE share a common understanding of when a PHR should be received/sent. For simplicity and efficiency it is therefore proposed to follow the same approach as for the BSR: periodic trigger.
Parameter K proposed by RAN1 can be understood as a prohibit timer. A prohibit timer only makes sense if rapid changes in path loss constantly trigger a PHR. One or two bytes overhead can then be avoided, which can be important for services with limited uplink allocation like VoIP. But in order to maintain fixed points in time where both the eNB and UE know when a PHR should be received/sent (so as to ease resource allocation and scheduler’s operation), we believe that the prohibit timer should not apply to periodic PHR.
4
Conclusion
Taking the agreement from RAN1 as a basis, it is proposed to capture in 36.321 that a Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
The prohibit timer has expired and the path loss has changed more than DL_PathlossChange dB since the last power headroom report;

-
The PERIODIC PHR TIMER expires.
A corresponding text proposal is given below.
Beginning of Text Proposal
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

BSR
Buffer Status Report

C-RNTI
Cell RNTI

E-UTRA
Evolved UMTS Terrestrial Radio Access

E-UTRAN
Evolved UMTS Terrestrial Radio Access Network

MAC
Medium Access Control

PHR
Power Headroom Report

RA-RNTI
Random Access RNTI

RNTI
Radio Network Temporary Identifier

SR
Scheduling Request

SRS
Sounding Reference Symbols

Next Modified Section
5.4.6
Power Headroom Reporting

The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference between the UE TX power and the maximum UE TX power (for the positive values of the power headroom) and about 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 (for the negative values of the power headroom).

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
The PROHIBIT_PHR_TIMER expires or has expired and the path loss has changed more than DL_PathlossChange dB since the last power headroom report;

-
The PERIODIC PHR TIMER expires, in which case the PHR is referred below to as “Periodic PHR”.
If the Power Headroom reporting procedure determines that a PHR has been triggered since the last transmission of a PHR:

-
If the UE has UL resources allocated for new transmission for this TTI:

-
Obtain the value of the power headroom from the physical layer;

-
Instruct the Multiplexing and Assembly procedure to generate a PHR MAC control element based on the value reported by the physical layer;

-
If the PHR is a “Periodic PHR”, restart the PERIODIC PHR TIMER;
-
Restart the PROHIBIT_PHR_TIMER.
NOTE:
Even if multiple events occur by the time a PHR can be transmitted, only one PHR is included in the MAC PDU.

A pending PHR is cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the PHR MAC control element in addition
Next Modified Section
6.1.3.6
Power Headroom MAC Control Element

The Power Headroom MAC control element is identified by a MAC PDU subheader with LCIDs as specified in table 6.2.1-1. It has a fixed size and consists of a single octet defined as follows (figure 6.1.3.6-1):

-
R: reserved bits;

-
Power Headroom: this field indicates the power headroom. The length of the field is 6 bits.
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Figure 6.1.3.5-1: Power Headroom MAC control element

Next Modified Section
6.2.1
MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. The LCID field size is 5 bits.

-
L: The Length field indicates the length of the corresponding MAC SDU or MAC control element in bytes. There is one L field per MAC PDU sub-header except for the last sub-header and sub-headers corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field.

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC PDU sub-header except for the last sub-header and sub-headers corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit.

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least R/R/E/LCID fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte

-
R: Reserved bits.

The MAC header and sub-headers are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-xxxxx
	Identity of the logical channel

	xxxxx-11011
	Reserved

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance

	11110
	DRX Command


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-yyyyy
	Identity of the logical channel

	yyyyy-11010
	Reserved

	11011
	Power Headroom Report

	11100
	C-RNTI

	11101
	Short Buffer Status Report

	11110
	Long Buffer Status Report

	11111
	Padding


Table 6.2.1-3 Values of F field:
	Index
	Size of Length field (in bits)

	0
	7

	1
	15


Editor’s note:
It is FFS whether this MAC header applies only to DL/UL SCH or also to other transport channels.

Editor’s note:
xxxxx and yyyyy are FFS

End of Text Proposal
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