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1 Introduction

In RAN2#71bis meeting, several UE PHR agreements were made (see [1])
	Agreements:

1:
PHR is reported for all activated CCs

2:
Wait for RAN1 before discussing/agreeing additional PHR information like UE-PHR

3:
For UE's for which parallel PUCCH+PUSCH is configured, always report Type 2 PHR when Type 1 PHR is reported for the PCC. Use the PUCCH reference format defined by RAN1.

4:
One prohibit timer (per UE)


Meanwhile, RAN2 also expected inputs from RAN1 as the PCMAX value inclusion and other issues for further Rel-10 PHR MAC-CE design under carrier aggregation. 
RAN1 has sent the LS statements ([2], [3]) to RAN2. In the LS statements RAN1 indicated that 
RAN1 reached the following agreements regarding the additional reporting:

· PCMAX,c is reported together with all per-CC PHRs.

· PCMAX,c is the value used for the calculation for the reported per-CC PHR.

· PHR is calculated based on the power before power scaling (similar to single-CC operation of Rel8/9)

· PCMAX,c of current assignment is reported in MAC CE

· RAN2 can consider overhead reduction methods for the following cases:

· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs
In this contribution, we present our understandings of some of the current MAC-CE PHR format issues including the new PCMAX value formation for a discussion.
2 Discussion
2.1 General Assumptions on the Rel-10 PHR MAC-CE Contents 
In [4] the contents and requirements of the R10 PHR are discussed. Based on this review the following assumptions are considered for the contents and format of the R10 PHR.
1. The release 8 PHR LCID can be reused with a new R10 PHR format when the UE is configured with one or more SCells or simultaneous PUCCH/PUSCH is configured on the PCell.

2. A PH type-1 or type-2 indicator is not necessary in Rel-10 PHR MAC-CE.
3. The PH field remains as a 6-bit field (same as in Rel-8/9) in Rel-10 and the new Pcmax,c reporting value field may also be a 6-bit field.
4. An indicator to identify the reported PH value as a “real” or a “virtual” type is needed. 
5. For SCells and PCells with Type 1 PH if the virtual indicator is set Pcmax,c is not included. When simultaneous PUSCH/PUCCH is configured on the PCell only if the virtual indicator is set for both Type 1 and Type 2 PH Pcmax,c is not included for both PH reports.  
Proposal-1: RAN2 considers the listed PH reporting assumptions
2.2 Placement of the Pcmax,c field
Given that the Pcmax,c is the value used for the calculation of the corresponding  per-CC PHR, it would be logical to place the Pcmax,c field following the PH field of the same CC if it is there for the “real” PH. That is the Pcmax,c field assumes the same CC-ordering as the corresponding PH in the PHR report.
Proposal-2: The PCMAX,C value field shall be placed following the PH value field it corresponds to.
2.3 PHR MAC-CE Format with Pcmax,c
Since we have agreed to restrict Type-1 PH reporting to activated SCells the length of the PHR MAC-CE is variable and it’s length is explicitly indicated in the MAC subheader for the PHR MAC-CE. 
The Rel-8 PHR format is defined as: 
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Figure 1: Rel-8 PHR format
· An “octet aligned” approach of the R10 PHR MAC-CE format will simplify processing of the PHR MAC CE. As we see it the benefit of a “packed” PH format is small since we do not often expect there will be a large number of activated UL SCCs. Therefore an octet aligned approach  is preferred
Proposal-3: The R10 PHR format will use an octet aligned approach 
As discussed in [4] a virtual / real PH indicator is needed. It seems logical that one of the existing R8/9 PHR reserved fields is used for signalling this indicator.

Proposal-4: One of the existing PHR reserved fields is used for the virtual / real PH indicator
This following figure shows the field layout of the reporting unit:

[image: image2.emf]text

text text text text text text

Indicat

or

text text text text text text

Pcmax,c for the PH

Reserved

Power Headroom Field

R


Figure 2: Pcmax,c Placement associated with the PH but individually octet-aligned
In the indicator and PH octet (the top), the indicator field takes 1-bit space, the PH field takes 6-bit and , one bit is left as the reserved bit ‘R’. It is reserved in case to prepare for other necessary signalling needs. For the octet (bottom) that holds the Pcmax,c field, the “reserved” field could be on either end, it is just drawn on the left.

The advantage of this approach is that both the PH and the Pcmax,c is independently octet aligned. And if one is absent, no additional field shifting or end MAC-CE padding effort is needed.

Proposal-5: RAN2 consider the R10 PHR format indicated in figure 2
The following figure shows the usage of the proposed PHR MAC-CE format for the following hypothetical situation that the UE is configured on Pcell with the simultaneous PUSCH and PUCCH, and it is activated with Scell-1 (but no uplink grant) and Scell-2. The Scell-0 is also deactivated. 

The UE reports for the Pcell both the type-1 and the type-2 PH with real values and their respective Pcmax,c’s (Pcmax,c values in the Pcell could be different because the MPR for them could be different). It also reports a virtual type-1 PH for Scell-1 (indication = 0 and therefore no Pcmax,c) and a real type-1 PH for Scell-2 (with a corresponding Pcmax,c).
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Figure 3: Sample PHR MAC-CE with PH and Pcmax,c
It is possible that the Pcell has both PH type “virtual” under certain conditions (see [4]) and in that case none of the Pcmax,c values will be included. See the following figure:
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Figure 4: Both PH types are "virtual" in Pcell
Note that this sample format drawn is without the bitmap indicating the presence of the PH/Pcmax,c of the reporting CCs. In case RAN2 thinks the bitmap is viable, it can be placed on the top of the drawn format.

3 Conclusion

In this contribution, we analyze the MAC-CE formats for PHR and the PCMAX field placement We have the following proposals:
Proposal-1: RAN2 considers the listed PH reporting assumptions

Proposal-2: The PCMAX,C value field shall be placed following the PH value field it corresponds to.
Proposal-3: The R10 PHR format will use an octet aligned approach 
Proposal-4: One of the existing PHR reserved fields is used for the virtual / real PH indicator
Proposal-5: RAN2 consider the R10 PHR format indicated in figure 2

We ask RAN2 to discuss the proposals and consider the text proposal in section 5. 
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5 CR Text Proposal to 36.321: 
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 nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. 
The reporting period, delay and mapping of Power Headroom are defined in subclause 9.1.8 of [9]. RRC controls Power Headroom reporting by configuring the two timers periodicPHR-Timer and prohibitPHR-Timer, and by signalling dl-PathlossChange which sets the change in measured downlink pathloss to trigger a PHR [8].
When the UE is configured with simultaneous PUSCH and PUCCH transmission, the UE shall report both Type 1 and Type 2 PHR for the PCell.
An indicator is set for each Type 1 and Type 2 PH report identifing of the report is real or virtual. Virtual and real PHR are defined in [X]. For SCells and PCells with Type 1 PH if the virtual indicator is set Pcmax,c is not included. When simultaneous PUSCH/PUCCH is configured on the PCell only if the virtual indicator is set for both Type 1 and Type 2 PH Pcmax,c is not included for both PH reports.
A Power Headroom Report (PHR) shall be triggered for each activated Serving Cell with configured uplink if any of the following events occur:

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell 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 [8], which is not used to disable the  function;
- 
activation of an SCell with configured uplink.
If the UE has UL resources allocated for new transmission for this TTI:

-
if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer;

-
if the Power Headroom reporting procedure determines that at least one PHR has been triggered since the last transmission of a PHR or this is the first time that a PHR is triggered, and;

-
if the allocated UL resources can accommodate a PHR MAC control element plus its subheader as a result of logical channel prioritization:

-
obtain the value of the power headroom(s) from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC control element based on the value(s) reported by the physical layer;

-
start or restart periodicPHR-Timer;

-
start or restart prohibitPHR-Timer;

-
cancel all triggered PHR(s).

- - - 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 LCID as specified in table 6.2.1-2. When one or more SCells or simultaneous PUSCH & PUCCH is not configured it has a fixed size and consists of a single octet defined as follows (figure 6.1.3.6-1). When one or more SCells configured t has a variable size defined as follows (figure 6.1.3.6-2):

-
R: reserved bit, set to "0";

-
Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.6-1 below (the corresponding measured values in dB can be found in subclause 9.1.8.4 of [9]).
-
I: indicator field, set to “0” if the reported PH is of type “virtual” and set to “1” if the reported PH is of type “real”. For SCells and PCells with Type 1 PH if the virtual indicator is set Pcmax,c is not included. When simultaneous PUSCH/PUCCH is configured on the PCell only if the virtual indicator is set for both Type 1 and Type 2 PH Pcmax,c is not included for both PH reports.
-
Pcmax,c: this field indicates the maximum transmit power used to calculate the PH on the CC. The length of the field is 6 bits. The reported Pcmax,c value is shown in (FFS)
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Figure 6.1.3.6-1: Power Headroom MAC control element when one or more SCells or simultaneous PUSCH & PUCCH is not configured
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Figure 6.1.3.6-2: Power Headroom MAC control element when one or more SCells or simultaneous PUSCH & PUCCH is configured

Table 6.1.3.6-1: Power Headroom levels for PHR

	PH
	Power Headroom Level

	0
	POWER_HEADROOM_0

	1
	POWER_HEADROOM_1

	2
	POWER_HEADROOM_2

	3
	POWER_HEADROOM_3

	…
	…

	60
	POWER_HEADROOM_60

	61
	POWER_HEADROOM_61

	62
	POWER_HEADROOM_62

	63
	POWER_HEADROOM_63
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