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Introduction
In RAN2#100, a LS has been sent to RAN4 to ask whether an additional mapping table for power headroom levels will be defined for FR2.
The LS has been treated in RAN4 adhoc 1801 and considering the extra requirement for FR2, the following agreements have been made in RAN4 and been included in the response LS [1]
· Agreement: a single mapping table based on 7 bits and 1 dB resolution is sufficient for PHR in both FR1 and FR2. 
With the response from RAN4, the intention of this contribution is to share some further views on the PHR format.

Discussion
For the PHR report in LTE MAC
It has agreed in RAN2#100 that
· =>	For the EN-DC/MR-DC, the PHR measured values for LTE cell should be referred to 36.133 and the PHR measured values for NR cell should be referred to 38.133
Based on the agreements above, whenever the LTE MAC need to report the PHR for NR cell, the 7bits PHR will be used instead of 6bis PHR format, which means new PHR format will be introduced in LTE MAC. However, based on the discussion in RAN4, the main intention to extent the PHR from 6bits to 7bits is to support FR2, which require a wider power range. If the dynamic power sharing between FR1 and FR2 is not supported, then 6bits PHR is sufficient in LTE and it is not necessary to introduce 7bis PHR format in LTE.
Observation 1: The main intention to extent the PHR from 6bits to 7bits is to support FR2, which require a wider power range. 
Observation 2: If the dynamic power sharing between FR1 and FR2 is not supported, then 6bits PHR is sufficient in LTE and it is not necessary to introduce 7bis PHR format in LTE.
In the CP session, the impact of power sharing on the inter-node message has been discussed in RAN2#100, and the following agreements have been made.
Agreements
1: The maximum power for FR1 the UE can use in NR SCG should be included in the SCG-ConfigInfo and SCGConfig
2: The UE capability coordination result should be included in the HandoverPreparationInformation message (at inter-MN HO).
2bis: The IE of the UE capability coordination result has the same format with the one in SCGConfigInfo.

During the discussion, companies think only the dynamic power sharing between LTE cell and FR1 should be considered in Rel-15 and only the maximum power for FR1 the UE can use in NR SCG is allowed to be included as part of SCG-ConfigInfo and SCGConfig. 
Observation 3: According to the discussion in CP session, the dynamic power sharing between LTE cell and NR FR2 cells are not supported in Rel15.
Based on the observation 3, we propose to reuse the 6bits PHR in LTE and avoid to introduce 7 bits PHR format in LTE MAC. For the PHR value defined for FR1 value, one LS can be sent to RAN4 to ask whether it is possible to reuse the PHR table defined in 36.133 for FR1 NR cells. If not, then whether it is possible to define a 6bits table for the PHR reporting of FR1 NR cells in LTE.
Proposal 1: Reuse the 6bits PHR format in LTE for FR1 NR cells (i.e. the 7 bits PHR format shall not be introduced in LTE MAC).
Proposal 2: One LS should be sent to RAN4 to ask whether it is possible to reuse the PHR table defined in 36.133 for FR1 NR cells. If not, then whether it is possible to define a 6bits table for the PHR reporting of FR1 NR cells in LTE.

For the PHR report in NR MAC

For the PHR report in NR MAC, since the FR2 will be supported anyway in NR, and the 7bits PHR format can cover the range of 6bits PHR defined in LTE, we think only the 7bits PHR should be supported in NR MAC and the 7bits PHR can be used for both NR Cell and LTE Cell.
Proposal 3: Only 7bits PHR will be defined in NR (i.e. 6bits PHR format will be not used in NR MAC), and UE using the 7bits PHR format for both LTE cell and NR cell in NR MAC spec. (revise the agreements made in RAN2 before).
For the “Single Entry PHR MAC CE”, considering there are two R bits, the PH field can be extended to 7bits directly. 
For the “Multiple Entry PHR MAC CE”, since we have P/V field before the PH field, there is no extra R bit in the byte of PH field. However, considering the P field is related to the PCMAX,c reported in the following byte and there are two R bits in that byte, we think the P field can be moved to the byte of PCMAX,c.
Proposal 4: For the “Single Entry PHR MAC CE”, the PH field should be extended to 7bits directly by using 1 R bits. For the “Multiple Entry PHR MAC CE”, the PH field should be extended to 7bits by moving the P field to the byte of PCMAX,c.
One draft CR is given in annex to show the changes.

For the length of PCMAX,c 
It’s clear now the length of PH will be extended to 7bits. However, it is still not clear whether the length of PCMAX,c will be extended as well. In order to have a clear view on the length of PCMAX,c , one LS should be sent to RAN4 to ask the length of PCMAX,c .
Proposal 5: Ask RAN4 about the length of PCMAX,c 

Conclusion
Based on the analysis given above, we give our observation and proposal as follow:

For the PHR report in LTE MAC
Observation 1: The main intention to extent the PHR from 6bits to 7bits is to support FR2, which require a wider power range. 
Observation 2: If the dynamic power sharing between FR1 and FR2 is not supported, then 6bits PHR is sufficient in LTE and it is not necessary to introduce 7bis PHR format in LTE.
Observation 3: According to the discussion in CP session, the dynamic power sharing between LTE cell and NR FR2 cells are not supported in Rel15.
Proposal 1: Reuse the 6bits PHR format in LTE for FR1 NR cells (i.e. the 7 bits PHR format shall not be introduced in LTE MAC). (revise the agreements made in RAN2 before).
Proposal 2: One LS should be sent to RAN4 to ask whether it is possible to reuse the PHR table defined in 36.133 for FR1 NR cells. If not, then whether it is possible to define a 6bits table for the PHR reporting of FR1 NR cells in LTE.

For the PHR report in NR MAC
Proposal 3: Only 7bits PHR will be defined in NR (i.e. 6bits PHR format will be not used in NR MAC), and UE using the 7bits PHR format for both LTE cell and NR cell in NR MAC spec. (revise the agreements made in RAN2 before).
Proposal 4: For the “Single Entry PHR MAC CE”, the PH field should be extended to 7bits directly by using 1 R bits. For the “Multiple Entry PHR MAC CE”, the PH field should be extended to 7bits by moving the P field to the byte of PCMAX,c.

For the length of PCMAX,c 
Proposal 5: Ask RAN4 about the length of PCMAX,c in the LS.
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[bookmark: _Toc502437845]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 fixed size and consists of two octet 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 76 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,c: this field indicates the PCMAX,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 6.1.3.8-2 (the corresponding measured values in dB are specified in TS 38.133 [11]).



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

	…
	…

	60124
	POWER_HEADROOM_60124

	61125
	POWER_HEADROOM_61125

	62126
	POWER_HEADROOM_62126

	63127
	POWER_HEADROOM_63127



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
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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 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 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.
UE 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 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 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 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 67 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 LTE 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,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 6.1.3.8-2 (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 LTE Serving Cell are specified in TS 36.133 [12]).




Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest SCellIndex of SCell with configured uplink is less than 8



Figure 6.1.3.9-2: Multiple Entry PHR MAC CE with the highest SCellIndex of SCell with configured uplink is equal to or higher than 8



1
R2-167949
PH (Type X, PCell)
PCMAX,c 1
R
R

R



image2.emf
PH (Type X, PCell)

P

CMAX,c

R R

R R


PH (Type X, PCell)
PCMAX,c
R
R

R
R



image3.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 X, 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

...


PH (Type 2, PCell)
PH (Type 2, PSCell or PUCCH SCell)
V
P
P
R
C1
C2
C3
C4
C5
C6
C7
V
PCMAX,c 1
R
R
PCMAX,c 2
R
R
PH (Type X, PCell)
P
V
PCMAX,c 3
R
R
PH (Type X, SCell 1)
P
V
PCMAX,c 4
R
R
PH (Type X, SCell n)
V
P
PCMAX,c m
R
R
...




image4.emf
PH (Type 2, PCell)

PH (Type 2, PSCell or PUCCH SCell)

V

V

R C

1

C

2

C

3

C

4

C

5

C

6

C

7

P

CMAX,c

 1 P R

P

CMAX,c

 2 R P

PH (Type X, PCell) V

P

CMAX,c

 3 R P

PH (Type X, SCell 1) V

P

CMAX,c

 4 R P

PH (Type X, SCell n) V

P

CMAX,c

 m P R

...


PH (Type 2, PCell)
PH (Type 2, PSCell or PUCCH SCell)
V
V
R
C1
C2
C3
C4
C5
C6
C7
PCMAX,c 1
P
R
PCMAX,c 2
R
P
PH (Type X, PCell)
V
PCMAX,c 3
R
P
PH (Type X, SCell 1)
V
PCMAX,c 4
R
P
PH (Type X, SCell n)
V
PCMAX,c m
P
R
...




image5.emf
PH (Type 2, PCell)

PH (Type 2, PSCell or PUCCH SCell)

V

V

P

CMAX,c

 1 P R

P

CMAX,c

 2 R P

PH (Type X, PCell) V

P

CMAX,c

 3 R P

PH (Type X, SCell 1) V

P

CMAX,c

 4 R P

PH (Type X, SCell n) V

P

CMAX,c

 m P R

...

R C

1

C

2

C

3

C

4

C

5

C

6

C

7

C

8

C

9

C

10

C

11

C

12

C

13

C

14

C

15

C

16

C

17

C

18

C

19

C

20

C

21

C

22

C

23

C

24

C

25

C

26

C

27

C

28

C

29

C

30

C

31


PH (Type 2, PCell)
PH (Type 2, PSCell or PUCCH SCell)
V
V
PCMAX,c 1
P
R
PCMAX,c 2
R
P
PH (Type X, PCell)
V
PCMAX,c 3
R
P
PH (Type X, SCell 1)
V
PCMAX,c 4
R
P
PH (Type X, SCell n)
V
PCMAX,c m
P
R
...
R
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31




image6.emf
PH (Type 2, PCell)

PH (Type 2, PSCell or PUCCH 

SCell)

V P

P V

P

CMAX,c

 1 R R

P

CMAX,c

 2 R R

PH (Type X, 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

...

R C

1

C

2

C

3

C

4

C

5

C

6

C

7

C

8

C

9

C

10

C

11

C

12

C

13

C

14

C

15

C

16

C

17

C

18

C

19

C

20

C

21

C

22

C

23

C

24

C

25

C

26

C

27

C

28

C

29

C

30

C

31


PH (Type 2, PCell)
PH (Type 2, PSCell or PUCCH SCell)
V
P
P
V
PCMAX,c 1
R
R
PCMAX,c 2
R
R
PH (Type X, PCell)
P
V
PCMAX,c 3
R
R
PH (Type X, SCell 1)
P
V
PCMAX,c 4
R
R
PH (Type X, SCell n)
V
P
PCMAX,c m
R
R
...
R
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31




image1.emf
PH (Type X, PCell)

P

CMAX,c

 1 R R

R


