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1. Introduction
In the previous RAN2 meeting, the following agreements have been made on the support for SUL (supplementary uplink) in the RRC_CONNECTED in NR.

	Agreements for SUL operation in connected mode:

1
When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)

2
At any point in time, each serving cell has at most one PUSCH for transmission

Agreement: 

· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement

· FFS in DCI discussion whether the SUL CIF is always present 

· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH


Related to SRS switching among CCs, the following agreement was achieved,

	· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured

· TA (through PRACH) on TAG without PUSCH/PUCCH configured

· Power control separated from that of PUSCH

· Group common DCI for aperiodic SRS triggering and TPC

· DL/UL interruptions and collision handling due to SRS switching


Regarding uplink power control, the following RAN1 agreements were achieved,

	· •
Each UL carrier (including SUL) available for initial access has its own separate power control configuration.

· •
Power adjustment for SUL should be taken into account in the uplink power control

· –
The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.

· –
Note: it may be possible to include the power adjustment in P0.

· 


In this contribution, we intend to discuss the impacts of SUL on PHR.

2. Discussion on the impacts of SUL on PHR
In this contribution, we will first review the PHR in LTE and the introduction of SUL in NR. Then, we will discuss the impacts that SUL will bring on PHR in NR.
2.1 Review of PHR in LTE and the introduction of SUL
PHR (power headroom report) is mechanism that reports the PHs (power headroom) of the UE, such that the resource from the network to the UE shall not under or over allocated in terms of the power consumption of the UE. The information about the difference between the configured maximum output power and the predicted transmission power over PUSCH, PUCCH or SRS is provided to the eNB such that the eNB can know how much power is left for a certain. In LTE R-8, there is only one serving cell for a UE, hence power headroom is reported to the eNB per UE. Then, in R-10, carrier aggregation was introduced and the granularity of the PH reporting is reduced to the granularity of SCells, which is also the granularity of scheduling of eNB. For simultaneous PUCCH and PUSCH, type 2 PH is introduced. Then after R-12, DC was introduced and it was regulated that under certain cases, when PHR is triggered in one MAC entity, PHR shall also be triggered for another. In R-13, massive CA was proposed and the format of PHR MAC CE was extended to support the reporting of PHs of 32 cells. Then, in R-14, the type 3 PH is proposed to report the PH under SRS transmission. 

Based on the above review, we observe that the unit of the PH reporting is per scheduling unit in LTE. 
Observation 1: The granularity of PH reporting in LTE is per cell, which is the same as the granularity of scheduling.
Due to the insufficiency of the frequency resource in lower frequency, it is expected that the transmission frequency will be expanded to the higher frequency in NR. However, data transmission in high frequency suffers from high path-loss and the limited coverage 

Hence, in the previous meeting, it was agreed that the high frequency uplink can be supplemented with an additional uplink on low frequency, that a 3.5 GHz uplink shall be supplemented with a 1.8 GHz uplink. In such a cell with configuration of both SUL and non-SUL carriers, it was agreed that the PUSCH on these two carriers can be scheduled dynamically in a TDM manner without simultaneous transmission.
Observation 2: For the non-SUL carrier and the SUL carrier in a serving cell, they will be scheduled in a dynamic TDM manner. 
Furthermore, in LTE, there are three types of power headrooms that are defined:

· Type 1: For the reporting of PH for PUSCH transmission

· Type 2: For the reporting of simultaneous PUSCH and PUCCH

· Type 3: For the reporting of SRS

Observation 3: In LTE, three types of PHs have been defined for PUSCH, simultaneous PUSCH/PUCCH and SRS, respectively
Based on the above discussions and observations, in the following sections, we discuss the types of PHs in NR and the impacts of the newly introduced SUL on PHR in NR. 
2.2 Discussion on the type 3 PH in NR

In LTE, Type 3 PH, which is introduced in R-14, is used to calculate the PH of SRS transmission. In NR, SRS transmission is supported, mostly reusing the LTE design. For SCell configured with SRS switching, there is no PUSCH or PUCCH configuration. SRS switching is important for the UEs with limited power and thus, type 3 PH should be supported.
Proposal 1: Type 3 PH reporting should also be supported in NR: when there is SRS transmission on a certain, Type 3 PH should be obtained from PHY and reported in PHR MAC CE.
Please be noted that although this tdoc mainly covers the impact from SUL on PHR, the above discussion here on Type 3 PH is not singular to PHR in the case of SUL.
2.3 Power control and Aspects

As the SUL and non-SUL carriers are in different bands, it is assumed that there would be two RF chains for the two UL carriers. Therefore the configuration of the maximum transmit power should be per UL carrier within the cell and the UE shall obtain the relevant information from the physical layer for different types. Hence, the following proposal is made:

Proposal 2: The maximum transmit power PCMAX,c_UL_i, should be configured per UL carrier within the serving cell. 
As discussed, RAN1 agreed to have independent uplink power control for SUL carrier and non-SUL carrier, and the downlink pathloss of the SUL carrier can be calculated based on that of non-SUL carrier and “power adjustment”, i.e. the power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI. Therefore, the SUL carrier and non-SUL carrier shall share the same downlink pathloss reference cell.

Proposal 3: The downlink pathloss references for SUL carrier and non-SUL carrier should be the same.
2.4 Impact of SUL on the PHR procedure 

As have been observed above, in LTE, the PH reporting is per cell, which is the scheduling unit of the eNB. Based on the previous agreement in RAN1, there shall be four different cases for the configuration of the PUSCH and PUCCH for the two UL carriers in a certain cell, which is illustrated with the following table:

	
	SUL
	Non-SUL

	Case 1
	PUCCH + PUSCH
	Non

	Case 2
	Non
	PUCCH + PUSCH

	Case 3
	PUCCH + PUSCH
	PUSCH

	Case 4
	PUSCH
	PUCCH + PUSCH


Table 1: Four different cases for the configuration of PUSCH and PUCCH on the UL carriers in NR
With the introduction of SUL, it is foreseeable that the network will schedule the two UL carriers in a dynamic TDM manner if PUSCH is configured on both UL carriers, as in case 3 and 4. Since the two ULs are independently scheduled, the PH reporting should be per UL carrier and therefore PH for both UL carriers should be included. By observing the four different cases of PUSCH and PUCCH configurations in the figure above, in Case 1 and 2, the current PHR mechanism can be reused. While for Case 3 and 4, the current per cell PH reporting mechanism is not able to report PH for two UL carriers.

Then, for PUSCH/SRS transmission, the PH reporting should also be reported for each UL separately as the PH on one carrier cannot be deduced from the one on the carrier. MAC layer should obtain type 1 PH and the corresponding PCMAX,c_UL_i should be obtained from the physical layer. 

Proposal 4a: In the PHR procedure, if two UL carriers are configured for the same SCell, type 1/3 PH should be obtained for the two UL carriers, and the UE shall obtain the corresponding two PCMAX,c_UL_i from the PHY layer if there is real transmission. 
Similarly, for simultaneous PUCCH and PUSCH transmission, MAC layer should obtain type 2 PH and the corresponding PCMAX,c_UL_i to type 2 PH should be obtained from the physical layer. 

Proposal 4b: In the PHR procedure, the UE shall obtain the type 2 PH and, and if there is real transmission, the corresponding PCMAX,c_UL_i from the PHY.
In LTE, the following conditions for the PHR triggering has been specified in [1];
	Triggering condition for PHR in LTE:

1. With prohibitPHR-Timer expired, at least the pathloss of one activated SCell of any MAC entity is larger than dl-Pathloss dB
2. PeriodicPHR-Timer expires
3. RRC configures or reconfigures PHR functionality (not to disable it)
4. SCell is activated of any MAC entity with configured uplink
5. Addition of PSCell
6. With expired prohibitPHR-Timer, the power backoff change is larger than dl-PathlossChange dB for any of the activated SCells of any MAC entity.


Hence, in LTE, PHR is triggered with the activation of the configured SCell, i.e. adding a new UL carrier. Then, for SUL, the same action should also be taken as it also adds a new carrier. For the case of LTE-DC, PHR is triggered in both sides of MAC entity if SCell is activated in one certain MAC entity. Following the same rationale for SCell in LTE-DC, we argue that PHR should also be triggered in the other MAC entities when SUL is configured for a certain SCell. 
Proposal 5: PHR should be triggered when SUL is configured or reconfigured in a SCell and also be triggered in the other MAC entities in case of DC.
2.5 Impacts of SUL on the format of PHR
Based on the above discussion that PH reporting should be per UL carrier within a cell, the PHR MAC CE format should also be adapted for this change. As the network side can be aware about whether or not a SUL carrier is configured for a SCell of a UE, there is no need for a bitmap indication for the existence of the PH for specific UL carrier. The only change needed for the PHR MAC CE is to stack the UL carriers for a certain cell based on a pre-specified ordering, e.g. SUL first and non-SUL next, etc., which is similar than  type 2 PH. 

The following table is an example to illustrate the change of PHR MAC CE format for the support of per UL carrier PH reporting.
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Figure 1: illustration of the PHR MAC CE format for supporting per UL carrier PH reporting.
Proposal 6: For the type 1/3 PHs for the UL carriers of a SCell, they are stacked with increasing UL carrier index in PHR MAC CE. 
Furthermore, we may need to consider how to accommodate the new PHR MAC CE format into the current spec. There could be two options to do such extenstion.

- Option A: to extend upon the current PHR MAC CE format. 
- Option B: to create a new PHR MAC CE format, like what we have done for the case of LTE-DC. 
Option A may have less spec impact, while option B provides better separation of functionality. Both solutions seem feasible from the sourcing company  and corresponding TPs for these two options have been shown at Section 5. RAN 2 shall make a decision on which solution to go.  

Proposal 7: RAN 2 shall make a decision on the following two options for specifying the PHR MAC CE format: 
(a) Extend the current PHR MAC CE format; 
(b) Create a new PHR MAC CE format. 
3. Conclusion
In this contribution, we discuss the impacts of the newly introduced SUL on PHR. The following observations and proposals have been made:
Observation 1: The granularity of PH reporting in LTE is per cell, which is the same as the granularity of scheduling.
Observation 2: For the non-SUL carrier and the SUL carrier in a serving cell, they will be scheduled in a dynamic TDM manner. 

Observation 3: In LTE, three types of PHs have been defined for PUSCH, simultaneous PUSCH/PUCCH and SRS, respectively
Proposal 1: Type 3 PH reporting should also be supported in NR: when there is SRS transmission on a certain, Type 3 PH should be obtained from PHY and reported in PHR MAC CE.
Proposal 2: The maximum transmit power PCMAX,c_UL_i, should be configured per UL carrier within the serving cell. 
Proposal 3: The downlink pathloss references for SUL carrier and non-SUL carrier should be the same.

Proposal 4a: In the PHR procedure, if two UL carriers are configured for the same SCell, type 1/3 PH should be obtained for the two UL carriers, and the UE shall obtain the corresponding two PCMAX,c_UL_i from the PHY layer if there is real transmission. 

Proposal 4b: In the PHR procedure, the UE shall obtain the type 2 PH and, and if there is real transmission, the corresponding PCMAX,c_UL_i from the PHY.
Proposal 5: PHR should be triggered when SUL is configured or reconfigured in a SCell and also be triggered in the other MAC entities in case of DC.
Proposal 6: For the type 1/3 PHs for the UL carriers of a SCell, they are stacked with increasing UL carrier index in PHR MAC CE. 
Proposal 7: RAN 2 shall make a decision on the following two options for specifying the PHR MAC CE format: 
(a) Extend the current PHR MAC CE format; 
(b) Create a new PHR MAC CE format. 

4. Text proposal for 38.321
5.1 Text proposal for PHR procedure
5.4.6
Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
RRC controls Power Headroom reporting by configuring the following parameters:

-
phr-PeriodicTimer;

-
phr-ProhibitTimer;

-
phr-Tx-PowerFactorChange;

-
phr-Type2PCell;

-
phr-Type2OtherCell;
-
phr-ModeOtherCG.
Editor's note: The name of phr-Tx-PowerFactorChange can be updated as it applies not only to DL pathloss but also for P-MPR backoff. All the names of the parameters should be aligned with RRC.
Editor's note: phr-ModeOtherCG comes from LTE, but RAN2 (and also other WGs) should discuss whether it would be needed for EN-DC. If not needed, the procedural text below should also be updated.

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

-
phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;

-
phr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;

-
activation of an SCell of any MAC entity with configured uplink;
-
configuration or reconfiguration of SUL in an SCell of any MAC entity with configured uplink;
-
addition of the PSCell;
-
phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this NR-UNIT for any of the activated Serving Cells of any MAC entity with configured uplink: 

-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101 [10]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.

NOTE:
The MAC entity should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,c/PH when a PHR is triggered by other triggering conditions.

If the MAC entity has UL resources allocated for new transmission the MAC entity shall:

1>
if it is the first UL resource allocated for a new transmission since the last MAC reset:

2>
start periodicPHR-Timer;

1>
if the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled, and;

1>
if the allocated UL resources can accommodate the MAC CE for PHR which the MAC entity is configured to transmit, plus its subheader, as a result of logical channel prioritization:

2>
for each activated Serving Cell and its uplink carriers with configured uplink associated with any MAC entity:

3>
obtain the value of the Type 1/3 power headroom;

3>
if this MAC entity has UL resources allocated for transmission on this Serving Cell; or
3>
if the other MAC entity, if configured, has UL resources allocated for transmission on this Serving Cell and phr-ModeOtherCG is set to real by upper layers:

4>
obtain the value for the corresponding PCMAX,c or PCMAX,c_UL_i field from the physical layer;

3>
if phr-Type2PCell is configured:

4>
obtain the value of the Type 2 power headroom for the PCell;

4>
obtain the value for the corresponding PCMAX,c or PCMAX,c_UL_i field from the physical layer
3>
if phr-Type2OtherCell is configured:

4>
if PUCCH SCell is configured:

5>
obtain the value of the Type 2 power headroom for the PUCCH SCell;
Editor's note: UE may need to obtain type 2 PH from multiple SCells if RAN1 allows having multiple PUCCH SCells. (This would also impact to PHR format). RAN1/2 confirmation requires.
4>
else (i.e. other CG is configured):

5>
obtain the value of the Type 2 power headroom for the SpCell of the other MAC entity;
4>
obtain the value for the corresponding PCMAX,c or PCMAX,c_UL_i field from the physical layer
3>
instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC CE according to configured ServCellIndex and the PUCCH(s) for the MAC entity as defined in subclause 6.1.3.8 based on the values reported by the physical layer;

2>
start or restart periodicPHR-Timer;

2>
start or restart prohibitPHR-Timer;

2>
cancel all triggered PHR(s).

5.2 Alternative A: Text proposal for PHR MAC CE format

6.1.3.8
Power Headroom Report MAC CE
The Power Headroom Report (PHR) MAC CE is identified by a MAC PDU 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 or PCMAX,c_UL_i field (if reported) for the PCell, a Type 2 PH field and an octet containing the associated PCMAX,c or PCMAX,c_UL_i field (if reported) for either PSCell or PUCCH SCell, a Type 1 PH field and an octet containing the associated PCMAX,c or PCMAX,c_UL_i field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type x PH fields, wherein x is equal to 3 when the ul-Configuration-r14 is configured for this SCell, x is equal to 1 otherwise,   and octets containing the associated PCMAX,c or PCMAX,c_UL_i fields (if reported) for SCells indicated in the bitmap.  

Editor's Note: Whether to support four-octet bitmap depends on whether we support 32 carries. Also the detailed design can be affected according to the discussion on uniqueness of cell index across CGs.

The presence of Type 2 PH field for PCell is configured by phr-Type2PCell, and the presence of Type 2 PH field for either PSCell or for PUCCH SCell is configured by phr-Type2OtherCell.

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 PHR MAC CEs 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. . 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,c or PCMAX,c_UL_i field, and V=1 indicates that the octet containing the associated PCMAX,c or PCMAX,c_UL_i 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;

-
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,c or PCMAX,c_UL_i field would have had a different value if no power backoff due to power management had been applied;

-
PCMAX,c or PCMAX,c_UL_i: 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 or PCMAX,c_UL_i and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2.

[image: image2.emf]PH (Type 2, PCell)

PH (Type 2, PSCell or PUCCH 

SCell)

V P

P

R C

1

C

2

C

3

C

4

C

5

C

6

C

7

V

P

CMAX,c

 1 R R

P

CMAX,c

 2 R R

PH (Type 1, PCell) P V

P

CMAX,c

 3 R R

PH (Type x, SCell 1) P V

P

CMAX,c

 4 R R

PH (Type x, SCell n) V P

P

CMAX,c

 m R R

...


Figure 6.1.3.8-1: Extended PHR MAC CE with the highest SCellIndex of SCell with configured uplink is less than 8
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Figure 6.1.3.8-2: PHR MAC CE with the highest SCellIndex of SCell with configured uplink is equal to or higher than 8
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Figure 6.1.3.8-3: PHR MAC CE with the highest SCellIndex of SCell with configured uplink is equal to or higher than 8 suppporting SUL on SCell

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,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


5.3 Alternative B:Text proposal for SUL PHR MAC CE format

6.1.3.8a
SUL Power Headroom Report MAC CE
The SUL Power Headroom Report (PHR) MAC CE is identified by a MAC PDU 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 or PCMAX,c_UL_i field (if reported) for the PCell, a Type 2 PH field and an octet containing the associated PCMAX,c or PCMAX,c_UL_i field (if reported) for either PSCell or PUCCH SCell, a Type 1 PH field and an octet containing the associated PCMAX,c or PCMAX,c_UL_i field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type x PH fields, wherein x is equal to 3 when the ul-Configuration-r14 is configured for this SCell, x is equal to 1 otherwise,   and octets containing the associated PCMAX,c or PCMAX,c_UL_i fields (if reported) for SCells indicated in the bitmap.  

Editor's Note: Whether to support four-octet bitmap depends on whether we support 32 carries. Also the detailed design can be affected according to the discussion on uniqueness of cell index across CGs.

The presence of Type 2 PH field for PCell is configured by phr-Type2PCell, and the presence of Type 2 PH field for either PSCell or for PUCCH SCell is configured by phr-Type2OtherCell.

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 PHR MAC CEs 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. . 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,c or PCMAX,c_UL_i field, and V=1 indicates that the octet containing the associated PCMAX,c or PCMAX,c_UL_i 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;

-
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,c or PCMAX,c_UL_i field would have had a different value if no power backoff due to power management had been applied;

-
PCMAX,c or PCMAX,c_UL_i: 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 or PCMAX,c_UL_i and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2.
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Figure 6.1.3.8a-1: PHR MAC CE with the highest SCellIndex of SCell with configured uplink is equal to or higher than 8 suppporting SUL on SCell

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


6.2.1
MAC subheader for DL-SCH and UL-SCH
The MAC subheader 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 CE or padding as described in Tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the L field is indicated by the F field;

-
F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-
R: Reserved bit, set to zero.

The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	000000
	CCCH

	
	Identity of the logical channel

	
	Reserved

	111000
	Duplication Activation/Deactivation

	111001
	SCell Activation/Deactivation (4 octet)

	111010
	SCell Activation/Deactivation (1 octet)

	111011
	Long DRX Command

	111100
	DRX Command

	111101
	Timing Advance Command

	111110
	UE Contention Resolution Identity

	111111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	000000
	CCCH

	
	Identity of the logical channel

	
	Reserved

	110111
	SUL Power Headroom Report

	111000
	SPS confirmation

	111001
	Power Headroom Report

	111010
	C-RNTI

	111011
	Short Truncated BSR

	111100
	Long Truncated BSR

	111101
	Short BSR

	111110
	Long BSR

	111111
	Padding
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