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1 Introduction
The contribution discusses possible format of Power Headroom Report (PHR) in NR.
2 Discussion

2.1 PHR formats in LTE
The Power Headroom reporting procedure is used to provide the serving NB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission [1], and it would also be required for NR.
Currently LTE defines 7 PHR MAC CE formats: originally only one PHR MAC CE was defined in Rel-8, and then the format was extended to support carrier aggregation (CA) in Rel-10. The extended one was further extended to support PUCCH SCell and/or 32 serving cells in Rel-13, so now four different PHR MAC CEs were defined for CA. Additionally, two additional PHR MAC CEs were defined to support dual connectivity (DC) in Rel-12. All the 7 PHR MAC CEs are listed in the following tables:
Table 2.1-1: PHR formats in LTE
	Formats
	32 serving cells 
	PUCCH SCell
	Described in (TS 36.321)

	PHR (non-CA)
	No
	No
	Figure 6.1.3.6-1

	Extended PHR
	No
	No
	Figure 6.1.3.6a-2

	Extended PHR
	No
	Yes
	Figure 6.1.3.6a1-3

	Extended PHR
	Yes
	No
	Figure 6.1.3.6a2-4

	Extended PHR
	Yes
	Yes
	Figure 6.1.3.6a3-5

	DC PHR
	No
	No
	Figure 6.1.3.6b-1

	DC PHR
	Yes
	No
	Figure 6.1.3.6b-2


2.2 The size of PH
In LTE, PHR format is designed based on 6-bit PH field. If the size of PH field changes in NR, LTE PHR format cannot be reused as the octet carrying the PH in extended PHR is already fully occupied by V field and P field. Considering the remaining time, the only possible way would be to design NR PHR format assuming 6-bit PH.

Proposal 1: RAN2 designs NR PHR format with assumption that the field PH is 6-bit, as in LTE.

Proposal 2: RAN2 sends LS to RAN1 and RAN4 to inform the decision as in [2].
2.3 PHR format in NR
Having 7 different formats for a single MAC CE is not good. We think a single general format for all the use cases would be most desirable. In the following, we will look at each format to see whether they can be combined.

Non-CA PHR format was introduced in Rel-8 and other PHR formats were introduced release by release to fulfil the new use case of CA or DC, as said earlier. It can be observed that there are bigger difference between non-CA PHR format (having only type 1 PH) and all other PHR formats than between PHR formats for CA and DC (having Bitmap, type 2 PH and PCMAX,c in addition). So, it may not be possible to define a single general format to cover both non-CA format and CA/DC format. Non-CA PHR has the shortest length of 1 byte, and would still be useful in some scenarios in NR.

Proposal 3: NR supports non-CA PHR format consisting of a single octet of PH, as in LTE.

Post-release 8 LTE PHR carries PCMAX,c octet following the corresponding PH octet if required i.e. for the real PH. That is, the presence of the PCMAX,c octet is indicated by V field in the PH octet, and we think the principle can be reused for NR.

Proposal 4: As in LTE, V field is used in NR to indicate whether PH is based on real transmission or a reference format, and the presence of the PCMAX,c octet.
For the sake of discussion, the PH octet and the corresponding PCMAX,c octet is called as "PH subfield" from now on. 

One can characterize post-release 8 LTE PHR format as having:

-
Bitmap of serving cells;

-
Type 2 PH subfield for PCell;

-
Type 2 PH subfield for non-PCell (either PUCCH SCell or PSCell);

-
Type 1 PH subfields in the ascending order of ServCellIndex.
In LTE, the maximum number of Type 2 PH is limited to 2 by not allowing configuring PUCCH SCell and DC simultaneously. Those principles can also be applied to NR PHR format design.

Proposal 5: NR supports PHR format consisting of bitmap, type 2 PH subfield for PCell, type 2 PH subfield for either PUCCH SCell or PSCell, and type 1 PH subfields in the ascending order of ServCellIndex.
In LTE, the presence of type 2 PH is determined implicitly depending on simultaneousPUCCH-PUSCH, activation status of PUCCH SCell and/or whether dual connectivity PHR is configured or not, which are summarized in the following table:
Table 2.3-1: Presence of type 2 PH in LTE
	
	Type 2 PH for PCell
	Type 2 PH for
PUCCH SCell or PSCell

	extendedPHR
	Yes if simultaneousPUCCH-PUSCH is configured for the PCell
	N/A

	extendedPHR2 &
PUCCH SCell is configured and activated
	Yes
	Yes

	extendedPHR2 &
PUCCH SCell is not configured or deactivated
	Yes if simultaneousPUCCH-PUSCH is configured for the PCell
	No

	dualConnectivityPHR
	Yes if simultaneousPUCCH-PUSCH is configured 
	Yes 


We believe it is merely unintended results of accumulating rules release by release (by introducing new features) in LTE, and NR does not have to define such complicated rules to determine the presence of type 2 PH: having explicit/independent configurations on type 2 PH would be much better and simpler.

Proposal 6: The presence of type 2 PH is explicitly configured by RRC signalling. 

Also for the size of bitmap of serving cells, it can be determined by highest SCellIndex of SCell with configured uplink, as in LTE.

Proposal 7: One octet of bitmap is used for indicating the presence of PH per SCell when the highest SCellIndex of SCell with configured uplink is less than 8. Otherwise four octets are used.

P field in LTE indicates whether the MAC entity applies power backoff due to power management. We assume it can be same as for NR.

Proposal 8: P field indicates whether the MAC entity applies power backoff due to power management. 

Type 3 PH was introduced to support SRS switching in LTE Rel-14, which seems not the scope of NR WID at the moment. So for now, NR PHR format can be defined without type 3 PH, and can be added later when needed.

Proposal 9: NR PHR format is designed without type 3 PH in Rel-15.
Proposal 10: Adopt the text proposal in Annex.

3 Conclusion
Proposal 1: RAN2 designs NR PHR format with assumption that the field PH is 6-bit, as in LTE.

Proposal 2: RAN2 sends an LS to RAN1 and RAN4 to inform the decision.

Proposal 3: NR supports non-CA PHR format consisting of a single octet of PH, as in LTE.

Proposal 4: As in LTE, V field is used in NR to indicate whether PH is based on real transmission or a reference format, and the presence of the PCMAX,c octet.

Proposal 5: NR supports PHR format consisting of bitmap, type 2 PH subfield for PCell, type 2 PH subfield for either PUCCH SCell or PSCell, and type 1 PH subfields in the ascending order of ServCellIndex.

Proposal 6: The presence of type 2 PH is explicitly configured by RRC signalling. 

Proposal 7: One octet of bitmap is used for indicating the presence of PH per SCell when the highest SCellIndex of SCell with configured uplink is less than 8. Otherwise four octets are used.

Proposal 8: P field indicates whether the MAC entity applies power backoff due to power management. 

Proposal 9: NR PHR format is designed without type 3 PH in Rel-15.

Proposal 10: Adopt the text proposal in Annex.
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Annex: TP for TS 38.321
6.1.3.x
Power Headroom Report MAC Control Element
The Power Headroom Report (PHR) 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.x-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.x-1 below (the corresponding measured values in dB can be found in TS 38.133 [xx]).

[image: image1.emf]PH R Oct 1 R


Figure 6.1.3.x-1: PHR MAC CE
Table 6.1.3.x-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.y
Extended Power Headroom Report MAC Control Element
The Extended Power Headroom Report (PHR) MAC control element is identified by a MAC PUD subheader with LCID as specified in table 6.2.1-2. It includes the bitmap, a Type 2 PH field and an octet containing the associated PCMAX,c field (if reported) for the PCell, a Type 2 PH field and an octet containing the associated PCMAX,c field (if reported) for either PSCell or PUCCH SCell, a Type 1 PH field and an octet containing the associated PCMAX,c field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type 1 PH fields and octets containing the associated PCMAX,c fields (if reported) for SCells indicated in the bitmap.  

The presence of Type 2 PH field for PCell is configured by Type2Pcell, and the presence of Type 2 PH field for either PSCell or for PUCCH SCell is configured by Type2OtherCell.

Editor's note: Name of RRC parameters (i.e. Type2Pcell  and Type2OtherCell) can be updated later.
A single octet bitmap is used for indicating the presence of PH per SCell when the highest SCellIndex of SCell with configured uplink is less than 8, otherwise four octets are used.
The Extended PHR MAC Control Elements are defined as follows:
-
Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in TS 38.331 [5]. The Ci field set to "1" indicates that a PH field for the SCell with SCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the SCell with SCellIndex i is not reported;

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

-
V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. Furthermore, for Type 1 and Type 2 PH, V=0 indicates the presence of the octet containing the associated PCMAX,c field, and V=1 indicates that the octet containing the associated PCMAX,c field is omitted;

-
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.x-1(the corresponding measured values in dB can be found in TS 38.133 [xx]);

-
P: this field indicates whether the MAC entity applies power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101 [yy]). The MAC entity shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;

-
PCMAX,c: if present, this field indicates the PCMAX,c or P̃CMAX,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in table 6.1.3.y-1 (the corresponding measured values in dBm can be found in TS 38.133 [xx].
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Figure 6.1.3.x-1: Extended PHR MAC CE with the highest SCellIndex of SCell with configured uplink is less than 8
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Figure 6.1.3.y-1: Extended PHR MAC CE with the highest SCellIndex of SCell with configured uplink is equal to or higher than 8
Table 6.1.3.y-1: Nominal UE transmit power level for Extended PHR
	PCMAX,c
	Nominal UE transmit power level

	0
	PCMAX_C_00

	1
	PCMAX_C_01

	2
	PCMAX_C_02

	…
	…

	61
	PCMAX_C_61

	62
	PCMAX_C_62

	63
	PCMAX_C_63
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