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Discussion 
1 Introduction

In the RAN2 #85 meeting, RAN2 had agreed that PHR related timers and parameters are independently configured for each MAC entity and PHR includes PH information of all activated cells, and in the last RAN2 #85b meeting, it was agreed additionally that PHR is triggered by triggering events of the other cell group only in case of pathloss and P-MPR change and SCell de-/activation, and a single MAC CE is used for PHR containing all PH information of both cell groups. In this contribution, we discuss remaining issues related to location of type 2 PH of special SCell within the new PHR MAC CE and text changes in TS 36.321 specification for the agreement. 
2 Discussion
Agreement
	PHR triggering

=>Pathloss change, P-MPR change, and SCell activation triggers PHR for both MAC entities.

=>Periodic, and Reconfiguration triggers PHR to corresponding MAC entity.

=>PHR prohibit timer is started when a MAC entity sends PHR.

PHR format

=>One PHR MAC CE format is used for DC.

=>As a working assumption, new LCID is allocated for PHR MAC CE for DC.

Real PH vs Virtual PH

=> Whether to include Real PH or Virtual PH for cells belong to other eNB is left up to RAN1 decision. 




We have remaining issues regarding PHR in dual connectivity such as specification change for PHR triggering, single and double triggering and a new PHR format.  First, we need to look into specification impact for applying the PHR triggering approach and single PHR MAC CE described on above agreement. For the double triggering part, Annex A1 shows text proposal that is asked to reflect to TS 36.321.  In case of a new PHR format, following text, ‘Text proposal 1’ can be asked to consider for PHR assembly and format part in TS 36.321. 
--------------------------------------------- Text Proposal 1 -------------------------------------------------------

5.4.6
Power Headroom Reporting
…

-
if extendedPHR is configured:

-
for each activated Serving Cell with configured uplink:

-
obtain the value of the Type 1 power headroom;

-
if the UE has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured:

-
obtain the value of the Type 2 power headroom for the PCell;

-
if the UE has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHR MAC control element as defined in subclause 6.1.3.6a based on the values reported by the physical layer;

-
if dualPHR is configured:

-
for each activated Serving Cell with configured uplink:

-
obtain the value of the Type 1 power headroom;

-
if the UE has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured for this MAC entity:

-
obtain the value of the Type 2 power headroom for the PCell or for the PSCell;

-
if the MAC entity has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured for the other MAC entity:

-
obtain the value of the Type 2 power headroom for the PCell or for the PSCell;

-
if the other MAC entity has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit an Dual PHR 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 Type 1 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).
6.1.3.6b
Dual Power Headroom Report MAC Control Element 

The Dual 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 variable size and is defined in Figure 6.1.3.6b-1. The octet containing Type 2 PH of PCell and the octect containing Type 2 PH of PSCell are optionally presnet depending on simultaneousPUCCH-PUSCH configuration of corresponding MAC entity. If present, they are placed first after the octet indicatging the presence of PH per SCell in the order of octect containing Type 2 PH of PCell (if reported), octect with the associated PCMAX,c field (if reported) for the PCell, Type 2 PH of PSCell (if reported) and octect with the associated PCMAX,c field (if reported) for the PSCell. Then follows in ascending order based on the ServCellIndex [8] an octet with the Type 1 PH field and an octet with the associated PCMAX,c field (if reported), for the PCell, for the PSCell and for each SCell indicated in the bitmap.
The Dual PHR MAC Control Element is defined as follows:

-
Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in [8]. 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 both 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 6.1.3.6-1 (the corresponding measured values in dB can be found in subclause 9.1.8.4 of [9]);
-
P: this field indicates whether the corresponding MAC entity applies power backoff due to power management (as allowed by P-MPRc [10]). 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 
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[2] used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.6a-1 (the corresponding measured values in dBm can be found in subclause 9.6.1 of [9]).
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Figure 6.1.3.6b-2: Dual PHR MAC Control Element

-------------------------------------------- end of Text proposal 1 ---------------------------------------------
In above text proposal 1 for the new PHR format, type 2 PH information field can be included or not according to configuration of simultaneous PUCCH and PUSCH transmission by RRC signalling. In dual connectivity, two eNBs, macro and small eNB that can configure such simultaneous uplink transmission based on own uplink resource cannot understand the new PHR format without configuration information of the other eNB when they receive the new PHR from an UE. For instance, the second and third octets are omitted if the MeNB does not configure the simultaneous transmission, and the SeNB does not know this. In such situation, the SeNB does not know whether the second and third octets are type 2 PH for itself or PCell of the MeNB. 
Here we can use ‘R’ bit for indicating presence of type2 PH information of the other cell group (i.e., the other MAC entity). To say, an eNB regards the new PHR contains type 2 PH for the other eNB (i.e., the other MAC entity) if the ‘T’ bit (‘R’ field) is set as 1. Otherwise, no type 2 PH of the other entity is present. Following text should be considered for this reason in addition to the text proposal 1. 
-----------------------------------------------------------------------------------------------------------------------------------------------
T: this field indicates the presence of Type 2 PH of the other MAC entity. T field set to “1” indicates that Type 2 PH of the other MAC entity is reported. T field set to “0” indicates that Type 2 PH of the other MAC entity is not reported.;
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Figure 6.1.3.6b-2: Dual PHR MAC Control Element

----------------------------------------------------------------------------------------------------------------------------------------------
Proposal 1. RAN2 is asked to agree that the new PHR format should be able to indicate presence of Type 2 PH of the other MAC entity.

However, comparing to the new PHR format for a single transmission , sending legacy PHR twice for each cell group (or MAC entity) is much simpler in terms of specification change. Text propasal 2 for the latter is shown as follow,  which requires only small change in the PHR format section 6.1.3.6a as well as assembly part of section 5.4.6 in TS 36.321.
--------------------------------------------- Text Proposal 2 -------------------------------------------------------

5.4.6
Power Headroom Reporting

…

-
if extendedPHR is configured:

-
for each activated Serving Cell with configured uplink:

-
obtain the value of the Type 1 power headroom;

-
if the UE has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured:

-
obtain the value of the Type 2 power headroom for the PCell;

-
if the UE has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHR MAC control element as defined in subclause 6.1.3.6a based on the values reported by the physical layer;

-
if dualPHR is configured:

-
for each activated Serving Cell with configured uplink in this cell group:

-
obtain the value of the Type 1 power headroom;

-
if the UE has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured for this MAC entity:

-
obtain the value of the Type 2 power headroom for the PCell or the PSCell according to the corresponding cell group;

-
if the MAC entity has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
instruct the other MAC entity to generate an Extended PHR MAC control element as defined in subclause 6.1.3a based on the values reported by the physical layer; 
-
instruct the Multiplexing and Assembly procedure to generate an Extended PHR MAC control element as defined in subclause 6.1.3a based on the values reported by the physical layer and transmit Extended PHR MAC control elements;
-
else:

-
obtain the value of the Type 1 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).
6.1.3.6a
Extended Power Headroom Report MAC Control Element 

The Extended 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 variable size and is defined in Figure 6.1.3.6a-2. When Type 2 PH is reported, the octet containing the Type 2 PH field is included first after the octet indicating the presence of PH per SCell and followed by an octet containing the associated PCMAX,c field (if reported). Then follows in ascending order based on the ServCellIndex [8] an octet with the Type 1 PH field and an octet with the associated PCMAX,c field (if reported), for the PCell or PSCell and for each SCell indicated in the bitmap.

The Extended PHR MAC Control Element is defined as follows:

-
Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in [8]. 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 both 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 6.1.3.6-1 (the corresponding measured values in dB can be found in subclause 9.1.8.4 of [9]);
-
P: this field indicates whether  the MAC entity applies power backoff due to power management (as allowed by P-MPRc [10]). 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 
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[2] used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.6a-1 (the corresponding measured values in dBm can be found in subclause 9.6.1 of [9]).
-------------------------------------------- end of Text proposal 2 -----------------------------------------------
Proposal 2. RAN2 is asked to consider again reusing legacy PHR format and sending two PHRs of MCG and SCG for less impact on current specification.
Proposal 3. RAN2 is asked to agree that the text proposal 1 or 2 (including Annex A1) is considered for TS 36.321 text change.

3 Conclusion
Proposal 1. RAN2 is asked to agree that the new PHR format should be able to indicate presence of Type 2 PH of the other MAC entity.

Proposal 2. RAN2 is asked to consider again reusing legacy PHR format and sending two PHRs of MCG and SCG in case that all PHs need to be reported for minimum impact on specification change.
Proposal 3. RAN2 is asked to agree that the text proposal 1 or 2 (including Annex A1) is considered for TS 36.321 text change.

Annex. 
A1. Text proposal about PHR double triggering for TS 36.321
--------------------------------------------- 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 and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on PCell and/or PSCell.

The reporting period, delay and mapping of Power Headroom are defined in subclause 9.1.8 of [9]. RRC controls Power Headroom reporting of a MAC entity by configuring the two timers periodicPHR-Timer and prohibitPHR-Timer, and by signalling dl-PathlossChange which sets the change in measured downlink pathloss and the required power backoff due to power management (as allowed by P-MPRc [10]) to trigger a PHR [8].

A Power Headroom Report (PHR) shall be triggered for a MAC entity 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 of the cell group which is used as a pathloss reference since the last transmission of a PHR when the MAC entity 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.

-
prohibitPHR-Timer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this TTI for any of the activated Serving Cells 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 [10]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had UL resources allocated for transmission or PUCCH transmission on this cell.

NOTE:
The UE 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 a MAC entity has UL resources allocated for new transmission for this TTI, the MAC entity shall:

-
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 and not cancelled for this MAC entity or at least one PHR has been triggered and not cancelled in the other MAC entity, due to neither periodicPHR-Timer expiry nor configruation or reconfiguration of the power headroom reporting functionality, after the last transmission of a power headroom report in this MAC entity, and;

-
if the allocated UL resources can accommodate a PHR MAC control element plus its subheader if extendedPHR is not configured, the Extended PHR MAC control element plus its subheader if extendedPHR is configured, or the Dual PHR MAC control element plus its subheader as a result of logical channel prioritization:

….

-------------------------------------------- end of Text proposal -----------------------------------------------
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