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1 Introduction
RAN2 briefly discussed issues with reporting PHR when AUL is configured. The discussion was limited to the case where the NW couldn’t differentiate between Type 1 and Type 3 PHR, and an LS was sent to RAN1 to check if a solution could be found in RAN1 [1]. RAN1 have responded to RAN2 indicating that PHR issues exist with AUL beyond the case of Type 1/Type 3 differentiation and that RAN2 should develop a solution for this [2]. 
In this revision of our earlier submission, we expand on the issues with PHR that exist with AUL and compare solutions proposed to address these issues.
2 Discussion
The autonomous retransmission mechanism introduced for NR-U addressed issues with LBT and collisions of UL transmissions from several devices, but introduces a problem in regard to decoding information carried in the PHR as shown in Figure 1. The power headroom (PH) reported in a PHR is calculated based on ongoing transmissions on several carriers that overlap in time with the transmission occasion of the PHR. 
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[bookmark: _Ref16762518]Figure 1: Multiple Entry PHR MAC CE with less than 8 serving cells configured with uplink
Issue 1: Determining whether Type 1 or Type 3 PHR is reported
This was the issue raised in the LS sent to RAN1. In short, the UE reports Type 3 PH for a carrier when an SRS is transmitted on that carrier, else the UE reports a Type 1 PH for the carrier. As NW is unaware of the initial transmission time of the PHR, the NW cannot know whether the reported power headroom by the UE is Type 1 or Type 3.
Observation 1: As the gNB is unaware of the initial transmission occasion of a TB that has been autonomously retransmitted, the type of PH reported per carrier cannot be determined by the gNB from the PHR MAC CE.
Issue 2: Determining the power headroom in a UE when real PH is reported
The PH reported for a carrier varies with the size of the UL grant on the carrier (i.e. number of PRBs allocated). On receiving a PHR, the real PH reported for a carrier is only useful to the gNB if it is also aware of the UL grant size that was used by the UE to calculate the PH. In licensed operation, the gNB is aware of the size of the UL grants on all carriers at the time of the TB’s initial transmission (i.e. when the PHR was generated). However in the case of autonomous retransmission, the gNB is not aware of the initial transmission occasion of the transport block (TB). As a result, the gNB cannot determine the power headroom available in the UE from the power headroom report. 
Observation 2: As the gNB is unaware of the initial transmission occasion of a TB that has been autonomously retransmitted, the PH available per carrier cannot be determined by the gNB if real PH is reported.
To solve these issues, the time that the PH reported in the MAC CE corresponds to, needs to be reliably known by the gNB. A simple way to do so, is to decouple the link between the PH reported in the MAC CE and its initial transmission occasion. This can be achieved with the addition of a timestamp into the MAC CE, an example of which is illustrated in Figure 2 below.
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[bookmark: _Ref16762784]Figure 2: Multiple Entry PHR MAC CE with a timestamp
A timestamp that includes the frame and slot number of the initial transmission occasion of the PHR is included in the MAC CE. The PH reported in the PHR MAC CE considers those transmissions on other serving cells that overlap with the time indicated in the MAC CE, similar to Rel-15. In the example above, only the 8 least significant bits of the SFN are considered as this covers a duration of 2.56 seconds. This is a sufficiently long duration to avoid timestamp mismatch aberrations due to wraparound. The timestamp adds two extra bytes to the PHR MAC CE which should not be an issue when considering NR data rates. 
Proposal 1: The PHR includes a timestamp (SFN and slot) of the time that the reported power headroom corresponds to.
Comparison with the alternative proposed
An alternative solution suggested in [3] is to fix the power headroom type that is reported in the PHR. For such an approach to solve both the issues raised above, the UE will need to always report Type 1 virtual power headroom for all carriers in the PHR. The impact of limiting the UE to report Type 1 PH in place of Type 3 PH may be small, due to the infrequency of the occurrence of Type 3 PH. However, the performance impact of always reporting virtual power headroom when real power headroom is available is much larger. 
Power headroom in the UE is an important consideration when there is data to be transmitted on the UL. In case of UL carrier aggregation, the PH available per carrier effectively sets the limit on the size of UL grant that can be provisioned for the carrier. Therefore when there is data transmission, it is important that the gNB has an accurate picture of the power headroom available on each carrier in the UE. We have chosen a default behaviour of reporting real PH when UL transmission takes place, in order for the UE to provide the gNB with the most accurate value of PH that is available. For this reason, it is a poor performance choice if we choose not to report real PH when the information is available in the UE. 
It is important to note that there aren’t any technical issues related to reporting real PH. Rather the only issue lies with the MAC CE signalling structure of PHR.
Observation 3: Reporting virtual PH in place of real PH will result in an inaccurate report of power headroom to the gNB.
A text proposal for this change is provided in the appendix.
3 Conclusion
In this contribution we make the following observations and proposals:
Observation 1: As the gNB is unaware of the initial transmission occasion of a TB that has been autonomously retransmitted, the type of PH reported per carrier cannot be determined by the gNB from the PHR MAC CE.
Observation 2: As the gNB is unaware of the initial transmission occasion of a TB that has been autonomously retransmitted, the PH available per carrier cannot be determined by the gNB if real PH is reported.
Observation 3: Reporting virtual PH in place of real PH will result in an inaccurate report of power headroom to the gNB.
Proposal 1: The PHR includes a timestamp (SFN and slot) of the time that the reported power headroom corresponds to.
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Appendix: Text proposal for 38.321
5.4.6	Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with the following information:
-	Type 1 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell;
-	Type 2 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH and PUCCH transmission on SpCell of the other MAC entity (i.e. E-UTRA MAC entity in EN-DC, NE-DC, and NGEN-DC cases);
-	Type 3 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell.
RRC controls Power Headroom reporting by configuring the following parameters:
-	phr-PeriodicTimer;
-	phr-ProhibitTimer;
-	phr-Tx-PowerFactorChange;
-	phr-Type2OtherCell;
-	phr-ModeOtherCG;
-	multiplePHR.
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;
NOTE 1:	The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between.
-	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;
-	addition of the PSCell (i.e. PSCell is newly added or changed);
-	phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true 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 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) 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 2:	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,f,c/PH when a PHR is triggered by other triggering conditions.
If the MAC entity has UL resources allocated for a 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 phr-PeriodicTimer;
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 LCP as defined in clause 5.4.3.1:
2>	if multiplePHR with value true is configured:
3>	for each activated Serving Cell with configured uplink associated with any MAC entity:
4>	obtain the value of the Type 1 or Type 3 power headroom for the corresponding uplink carrier as specified in clause 7.7 of TS 38.213 [6];
4>	if this MAC entity has UL resources allocated for transmission on this Serving Cell; or
4>	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:
5>	obtain the value for the corresponding PCMAX,f,c field from the physical layer.
3>	if phr-Type2OtherCell with value true is configured:
4>	if the other MAC entity is E-UTRA MAC entity:
5>	obtain the value of the Type 2 power headroom for the SpCell of the other MAC entity (i.e. E-UTRA MAC entity);
5>	if phr-ModeOtherCG is set to real by upper layers:
6>	obtain the value for the corresponding PCMAX,f,c field for the SpCell of the other MAC entity (i.e. E-UTRA MAC entity) from the physical layer.
3> if standalonePHR is configured:
4>	instruct the Multiplexing and Assembly procedure to generate and transmit the standalone PHR MAC CE as defined in clause 6.1.3.x based on the values reported by the physical layer.
3> else:
43>	instruct the Multiplexing and Assembly procedure to generate and transmit the Multiple Entry PHR MAC CE as defined in clause 6.1.3.9 based on the values reported by the physical layer.
2>	else (i.e. Single Entry PHR format is used):
3>	obtain the value of the Type 1 power headroom from the physical layer for the corresponding uplink carrier of the PCell;
3>	obtain the value for the corresponding PCMAX,f,c field from the physical layer;
3>	instruct the Multiplexing and Assembly procedure to generate and transmit the Single Entry PHR MAC CE as defined in clause 6.1.3.8 based on the values reported by the physical layer.
2>	start or restart phr-PeriodicTimer;
2>	start or restart phr-ProhibitTimer;
2>	cancel all triggered PHR(s).
[bookmark: _Toc29239887][bookmark: _Toc29239902]6.1.3.x	Standalone PHR MAC CE
The Standalone PHR MAC CE is identified by a MAC 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] and TS 36.213 [17].
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 configured grant(s) and downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission that can accommodate the MAC CE for PHR as a result of LCP as defined in clause 5.4.3.1 is received since a PHR has been triggered if the PHR MAC CE is reported on an uplink grant received on the PDCCH or until the first uplink symbol of PUSCH transmission minus PUSCH preparation time as defined in clause 7.7 of TS 38.213 [6] if the PHR MAC CE is reported on a configured grant.
For a band combination in which the UE does not support dynamic power sharing, the UE may omit the octets containing Power Headroom field and PCMAX,f,c field for Serving Cells in the other MAC entity except for the PCell in the other MAC entity and the reported values of Power Headroom and PCMAX,f,c for the PCell are up to UE implementation.
The PHR MAC CEs are defined as follows:
-	SFN: This field indicates the 8 least significant bits of the system frame number of the PUSCH transmission time of the UL grant that can accommodate the MAC CE for PHR;
-	Slot number: This field indicates the slot number of the PUSCH transmission time of the UL grant that can accommodate the MAC CE for PHR;
-	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, the V field set to 0 indicates real transmission on PUSCH and the V field set to 1 indicates that a PUSCH reference format is used. For Type 2 PH, the V field set to 0 indicates real transmission on PUCCH and the V field set to 1 indicates that a PUCCH reference format is used. For Type 3 PH, the V field set to 0 indicates real transmission on SRS and the V field set to 1 indicates that an SRS reference format is used. Furthermore, for Type 1, Type 2, and Type 3 PH, the V field set to 0 indicates the presence of the octet containing the associated PCMAX,f,c field, and the V field set to 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 (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC entity shall set the P field to 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 (as specified in TS 38.213 [6]) for the NR Serving Cell and the PCMAX,c or P̃CMAX,c (as specified in TS 36.213 [17]) for the E-UTRA Serving Cell 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]).


Figure 6.1.3.x-1: Standalone PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is less than 8


Figure 6.1.3.x-2: Standalone PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is equal to or higher than 8
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, padding, and MAC SDUs containing UL CCCH. 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, padding, and MAC SDUs containing UL CCCH. 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 0.
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33-46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding



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

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5])

	1–32
	Identity of the logical channel

	33–4951
	Reserved

	50
	Standalone PHR (four octets Ci)

	51
	Standalone PHR (one octets Ci)

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5])

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding
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