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Discussion and Decision

1
Introduction
Power headroom reporting has been heavily discussed in RAN1, RAN2 and RAN4. RAN2 agreed to report power headroom for all activated component carriers and thus agreed to send virtual power headroom reports for activated but non-scheduled serving cells. RAN1 agreed to send in addition to power headroom also the per CC maximum power PCMAX,c used in the calculation of power headroom [7]. Since PCMAX,c for virtual power headroom is constant, there is no need to report it [8]. Furthermore, PCMAX,c can be the same for several scheduled component carriers as indicated by RAN1 in their LS to RAN2 [7]. RAN1 left possible overhead reductions related to unnecessary PCMAX,c reporting for RAN2 to decide [7]

 REF _Ref275943879 \r \h 
[8].
2
Power Headroom MAC CE format
It was agreed in RAN2#71bis meeting that a MAC PDU subheader for Power Headroom MAC CE consists of the six header fields R/R/E/LCID/F/L since Power Headroom MAC CE has a variable size. It was not decided whether new LCID will be allocated for the new Power Headroom MAC CE or can the Rel8/9 LCID be reused. We propose to define a new LCID since the format of Power Headroom MAC CE changes completely. Rel8/9 Power Headroom MAC CE has fixed size whereas in Rel10 it will have  varible size.
Proposal 1:  Define new LCID for the variable size Power Headroom MAC CE.

As indicated in the LS from RAN1 [7], in addition to power headroom itself, also PCMAX,c used in the calculation of power headroom should be reported. RAN1 did not indicate how many bits should be reserved for PCMAX,c. We assume that 6 bits should be enough to cover potential new power classes as well as (A-)MPRs. To keep structure octet aligned and avoid padding bits in the end of PHR report we consider that one byte should be used for each PCMAX,c value with two first bits set to the reserved value.
Proposal 2: Use 6 bits for the PCMAX,c in PHR and send an LS to RAN4 to confirm this decision and request RAN4 to specify the values for PCMAX,c. 
It has been agreed to report Power Headroom for all activated component carriers. Due to A/N errors for activation/deactivation MAC CE or uncertainties in expiry of deactivation timer, UE and eNB may not always be in sync about the activation status of SCells. Thus to simplify eNB implementation, a bitmap to indicate which SCells are active for this power headroom MAC CE is proposed to be added.

Proposal 3: Power Headroom MAC CE should contain a bitmap indicating which SCells are reported. The bitmap can be the same as used for activation/deactivation MAC CE.

Since PCMAX,c for virtual power headroom is constant, there is no need to report it [8].  Furthermore, PCMAX,c can be the same for several scheduled component carriers as indicated by RAN1 in their LS to RAN2 [7]. Thus in order to reduce the overhead and simplify the decoding of the Power Headroom MAC CE, we propose to indicate for each PH whether it is a real PH or a virtual PH and not report PCMAX,c for virtual PHs. Furthermore, we propose to indicate for each real PH whether PCMAX,c is reported or whether a previous PCMAX,c in the same Power Headroom MAC CE should be used instead.
Proposal 4: Indicate for each PH whether it is virtual or not and do not report PCMAX,c for virtual PHs.

Proposal 5: Indicate for each real PH whether PCMAX,c is present or whether a previous PCMAX,c in the same Power Headroom MAC CE should be used instead.
This proposal can be implemented simply by defining how the two bits currently reserved in PHR shall be interpreted. The first reserved bit is defined as: 
-
P: indicates whether PCMAX,c is present (P=1) for this PH or not (P=0)

Second bit is defined as:

-
V: indicates whether this PH is virtual (V=1) or real (V=0). If P=0 (PCMAX,cis not present) and V=0 (real PH), then PCMAX,cused in calculation of the PH is the previous reported PCMAX,cin the same MAC CE.

With these proposals the Power Headroom MAC CE is as shown in Figure 1 when simultaneous PUCCH and PUSCH transmission is configured. In this example PCMAX,cis included for PCell and SCell-3; SCell-1 and SCell-2 have the same PCMAX,c as PCell, and SCell-4 is only virtual PHR. Second example is shown in Figure 2 when simultaneous PUCCH and PUSCH transmission is not configured and PCMAX,cis included for PCell and SCell-3; SCell-1 and SCell-2 have same PCMAX,c as PCell, and SCell-4 is only virtual PHR.
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Figure 1: Power Headroom MAC CE when simultaneous PUCCH and PUSCH transmission is configured
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Figure 2: Power Headroom MAC CE when simultaneous PUCCH and PUSCH transmission is not configured
In addition to the format of the variable size PHR MAC CE, it has to be decided when the new variable size PHR MAC CE is used and when Rel8 PHR MAC CE is utilised. Based on our understating, the Rel8 PHR format works fine for single uplink carrier case when simultaneous PUSCH and PUCCH transmission is not configured.  The reported PHR is directly indicating the available power headroom and reporting the used PCMAX would not provide any additional information. Furthermore, as the variable length would be consuming always 3 bytes more (LCID, Bitmap, PCMAX,c,), compared to Rel8 format it sounds reasonable that Rel8 format is always used when single uplink carrier is configured without simultaneous PUSCH and PUCCH transmission. 
Proposal 6: Rel8 PHR format is always used when single uplink carrier without simultaneous PUCCH and PUSCH transmission is configured. 
Since the Type-2 PHR report was defined for simultaneous PUCCH and PUSCH transmission, and due to agreement of reporting virtual PHR for PUSCH when only PUCCH is transmitted, it is straightforward that variable size PHR is used always when simultaneous transmission of PUCCH and PUSCH is configured. 

Finally, we need to consider the case when there is no simultaneous PUCCH and PUSCH configured on PCell but at least one SCell is configured, which can be either activated or deactivated. When at least one SCell is active it is clear that variable size PHR is to be used, however, when all SCell(s) are deactivated we could in principle revert back to the Rel8 PHR format.  Even though the variable size PHR is significantly larger than Rel8 format it sounds unnecessary to tie the PHR format to the activation status of the SCell(s), rather the used format should follow the uplink configuration.

Proposal 7: Variable size PHR is always used when simultaneous PUCCH and PUSCH or at least one SCell with uplink is configured. 
3
Conclusion
Proposal 1:  
Define new LCID for the variable size Power Headroom MAC CE.

Proposal 2: 
Use 6 bits for the PCMAX,c in PHR and send an LS to RAN4 to confirm this decision and request RAN4 to specify the values for PCMAX,c.
Proposal 3: 
Power Headroom MAC CE should contain a bitmap indicating which SCells are reported. The bitmap can be the same as used for activation/deactivation MAC CE.

Proposal 4: 
Indicate for each PH whether it is virtual or not and do not report PCMAX,c for virtual PHs.

Proposal 5: 
Indicate for each real PH whether PCMAX,c is present or whether a previous PCMAX,c in the same Power Headroom MAC CE should be used instead.

Proposal 6: 
Rel8 PHR format is always used when single uplink carrier without simultaneous PUCCH and PUSCH transmission is configured

Proposal 7: 
Variable size PHR is always used when simultaneous PUCCH and PUSCH or at least one SCell with uplink is configured. 

Text proposal for TS 36.321 is given below.
Beginning of Text Proposal
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.
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:
-
if simultanous PUSCH and PUCCH trasnmission or at least one SCell with uplink is configured:
-
obtain the values of the power headrooms and the corresponding PCMAX,c’s from the physical layer;
-
if the power headroom obtained from the physical layer is a virtual power headroom; or

-
if a PCMAX,c is the same as the previous into the same PHR MAC control element inserted PCMAX,c:
-
do not report PCMAX,c for that power headroom;

-
instruct the Multiplexing and Assembly procedure to generate and transmit a Variable Size Power Headroom MAC control element as defined in subclause 6.1.3.x, based on the values reported by the physical layer;
-
else
-
obtain the value of the power headroom from the physical layer;
-
instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC control element as defined in subclause 6.1.3.6, based on the value reported by the physical layer;
-
start or restart periodicPHR-Timer;

-
start or restart prohibitPHR-Timer;

-
cancel all triggered PHR(s).

-------------------------
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. It has a fixed size and consists of a single octet defined as follows (figure 6.1.3.6-1):

-
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]).
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Figure 6.1.3.6-1: Power Headroom MAC control element

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


-----------------------------------
6.1.3.x
Variable Size Power Headroom MAC Control Element

The Multiple Power Headroom MAC control element is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2. It has a variable size and it is illustrated in Figure 6.1.3.x-1 for the case when simultaneous PUCCH and PUSCH transmission is not configured and in Figure 6.1.3.x-2 for the case when simultaneous PUCCH and PUSCH transmission is configured.
· Ci: this field indicates the activation/deactivation status of the SCell with Cell Index i as specified in [8]. The Ci field is set to "1" to indicate that the SCell with Cell Index i is reported. The Ci field is set to "0" to indicate that the SCell with Cell Index i is not reported; 

-
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 (the corresponding measured values in dB can be found in subclause 9.1.8.4 of [9]).
-
P: indicates whether PCMAX,c is present (P=1) for this PH or not (P=0)
-
V: indicates whether this PH is virtual (V=1) or real (V=0). If P=0 (PCMAX,cis not present) and V=0 (real PH), then PCMAX,cused in calculation of the PH is the previous reported PCMAX,cin the same MAC CE.
-
PCMAX,c: PCMAX,c used for calculation of PH
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Figure 6.1.3.x-1: Multiple Power Headroom MAC control element when simultaneous PUCCH and PUSCH transmission is not configured
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Figure 6.1.3.x-2: Multiple Power Headroom MAC control element when simultaneous PUCCH and PUSCH transmission is configured
Table 6.1.3.x-1: PCMAX,c levels for Multiple Power Headroom MAC Control Element
	PCMAX,c
	PCMAX,c Level

	0
	PCMAX,c_0

	1
	PCMAX,c _1

	2
	PCMAX,c _2

	3
	PCMAX,c _3

	…
	…

	60
	PCMAX,c _60

	61
	PCMAX,c _61

	62
	PCMAX,c _62

	63
	PCMAX,c _63


--------------------

6.2.1
MAC header for DL-SCH, UL-SCH and MCH

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, 6.2.1-2 and 6.2.1-4 for the DL-SCH, UL-SCH and MCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. The LCID field size is 5 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and subheaders 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 subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit. If the size of the MAC SDU or variable-sized MAC control element is less than 128 bytes, the value of the F field is set to 0, otherwise it is set to 1;

-
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 bit, set to "0".

The MAC header and subheaders are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11010
	Reserved

	11011
	Activation/Deactivation

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11000
	Reserved

	11001
	Variable Size Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Table 6.2.1-3 Values of F field:

	Index
	Size of Length field (in bits)

	0
	7

	1
	15


Table 6.2.1-4 Values of LCID for MCH

	Index
	LCID values

	00000
	MCCH (see note)

	00001-11100
	MTCH

	11101
	Reserved

	11110
	MCH Scheduling Information

	11111
	Padding

	NOTE: If there is no MCCH on MCH, an MTCH could use this value.


End of Text Proposal
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