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	Reason for change:
	According to the current PHY specification, a UE can be configured with up to four path-loss reference signals (referred as PL-RS thereafter). And PHR can be triggered due to path loss variation on any of these reference signals. According to the current MAC specification, after a PHR is triggered, a PHR MAC CE is sent in the next available PUSCH resource whose UL grant is the first one received after the trigger. However, there is no requirement on whether this PUSCH transmission needs to have the same PL-RS as the triggering PL-RS. In other words, it is possible that a PHR is triggered due to large path loss change on PL-RS #1, but the PUSCH transmission which includes the corresponding PHR MAC CE has PL-RS #2. 
If the two PL-RSs are not the same, then the reported power headroom reflects only the path loss condition of the PL-RS for the PUSCH transmission. Network may not get much useful information about the path loss condition of the triggering PL-RS from the received PHR. Similarly, this issue also applies to a serving cell that reports virtual power headroom, because per the current PHY specification, UE always calculates the virtual power headroom based on PL-RS #0 [1]. If a triggering PL-RS is not PL-RS #0, then its power headroom is not reported. 
Obviously, such an outcome depletes the original purpose of this triggered PHR. UE needs to include the virtual power headroom of the triggering PL-RS in the PHR MAC CE as well.

	
	

	Summary of change:
	We think a simple approach is to keep the current format of PHR MAC CE as is but append power headroom of a triggering PL-RS at the end of the MAC CE. 
For the single-entry PHR MAC CE, information about a triggering PL-RS is reported if it is different from the PL-RS associated with the PUSCH transmission.  The information reported includeds only one octet:

· The first two bits are the index of the triggering PL-RS;

· The other six bits are the virtual power headroom of the triggering PL-RS.

For the multi-entry PHR MAC CE, information about a triggering PL-RS is included in the PHR MAC CE if there is a PUSCH transmission in its serving cell but it is different from the PL-RS associated with the PUSCH transmission, or it is not PL-RS #0 and there is no PUSCH transmission in its serving cell. The information of the triggering PL-RS reported includes the following:  
·  The first octet includes the index of its serving and its own index. 

·  The second octet includes the virtual power headroom calculated based on the triggering PL-RS. 

Impact analysis
Impacted functionality:

Power headroom report
Inter-operability: 

No impact on network if UE does not implement this feature;

If UE implements this change but network does not, network would not know how to process received PHR.  
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---------------------------- [Start of change] -------------------------
6.1.3.8  Single Entry PHR MAC CE
The Single Entry PHR MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2.
It has a variable size and consists of two or more octets. The fields after the first two octets are present only if the following conditions are met:

· The PHR is triggered due to variation of path loss on a path-loss reference signal; and
· This path-loss reference signal is different from the one associated with the PUSCH resources over which the PHR MAC CE is sent. 
The fields in the PHR MAC CE are defined as follows (figure 6.1.3.8-1):
-
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 6.1.3.8-1 below (the corresponding measured values in dB are specified in TS 38.133 [11]);

-
PCMAX,f,c: This field indicates the PCMAX,f,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,f,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2 (the corresponding measured values in dBm are specified in TS 38.133 [11]).
-
RS_index: If present, it indicates the index of the path-loss reference signal that triggered the PHR;
-
PH_t:  If present, it indicates the virtual power headroom level calculated based on the path-loss reference signal that triggered the PHR.
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Figure 6.1.3.8-1: Single Entry PHR MAC CE

Table 6.1.3.8-1: 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


Table 6.1.3.8-2: Nominal UE transmit power level for PHR

	PCMAX,f,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


6.1.3.9
Multiple Entry PHR MAC CE

The Multiple Entry PHR MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2.

It has a variable size, and includes the bitmap, a Type 2 PH field and an octet containing the associated PCMAX,f,c field (if reported) for SpCell of the other MAC entity, a Type 1 PH field and an octet containing the associated PCMAX,f,c field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type X PH fields and octets containing the associated PCMAX,f,c fields (if reported) for Serving Cells other than PCell indicated in the bitmap. X is either 1 or 3 according to TS 38.213 [6].
Two additional octets are present at the end of a multi-entry PHR MAC CE if the PHR is triggered due to path loss variation on a path-loss reference signal and one of the following conditions is met:
· This path-loss reference signal is for a serving cell that has a PUSCH transmission in the slot in which PHR MAC CE is sent, but it is different from the path-loss reference signal associated with that PUSCH transmission; or  
· This path-loss reference signal is for a serving cell that does not have a PUSCH transmission in the slot in which PHR MAC CE is sent and is not path-loss reference signal #0.
The presence of Type 2 PH field for SpCell of the other MAC entity is configured by phr-Type2OtherCell with value TRUE.

A single octet bitmap is used for indicating the presence of PH per Serving Cell when the highest ServCellIndex of Serving Cell with configured uplink is less than 8, otherwise four octets are used.

The MAC entity determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission is received since a PHR has been triggered.

The PHR MAC CEs are defined as follows:

-
Ci: This field indicates the presence of a PH field for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. The Ci field set to "1" indicates that a PH field for the Serving Cell with ServCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the Serving Cell with ServCellIndex 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. For Type 3 PH, V=0 indicates real transmission on SRS and V=1 indicates that an SRS reference format is used. Furthermore, for Type 1, Type 2, and Type 3 PH, V=0 indicates the presence of the octet containing the associated PCMAX,f,c field, and V=1 indicates that the octet containing the associated PCMAX,f,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 6.1.3.8-1 (the corresponding measured values in dB for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dB for the E-UTRA Serving Cell are specified in TS 36.133 [12]);

-
P: This field indicates whether the MAC entity applies power backoff due to power management. The MAC entity shall set P=1 if the corresponding PCMAX,f,c field would have had a different value if no power backoff due to power management had been applied;

-
PCMAX,f,c: If present, this field indicates the PCMAX,f,c or P̃CMAX,f,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,f,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2 (the corresponding measured values in dBm for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dBm for the E-UTRA Serving Cell are specified in TS 36.133 [12]).
- 
C_index: If present, this field indicates the index of serving cell of the path-loss reference signal that triggered the PHR;
-
RS_index: If present, this field indicates the index of triggering path-loss reference signal that triggered the PHR;
-
PH_t: If present, this field indicates the virtual power headroom level calculated based on the path-loss reference signal that triggered the PHR.
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Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is less than 8
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Figure 6.1.3.9-2: Multiple Entry PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is equal to or higher than 8
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