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Introduction
At RAN1#91, RAN1 has made agreements concerning SRS transmission 
· [bookmark: _Hlk503378241]Specification supports SRS PHR reporting for serving cell / uplink where PUSCH is not configured
· SRS virtual PHR reporting is based on one SRS resource configured by the gNB
· SRS PHR reporting is as in LTE type-3

From RAN1 agreements, Type 3 PHR may be triggered and reported by the UE in a cell configured with SUL carrier if there is SRS transmission configured on a carrier where PUSCH is not configured. In this case, PUSCH may be configured on another carrier. 
We expect there may be two possible cases concerning how to report Type 3 PHR:
	Case 1: when a Type 1 PH is triggered for PUSCH transmission on one carrier, there is no simultaneous SRS transmission on another carrier
	Case 2: when a Type 1 PH is triggered for PUSCH transmission on one carrier, and there is simultaneous SRS transmission on another carrier
For both cases, the UE MAC may need to report both Type 1 PH and Type 3 PH for the same serving cell at the same time. For case 1, the UE MAC should report a Type 1 PH and a virtual Type 3 PH at the same time. For case 2, the UE MAC should report a Type 1 PH and a Type 3 PH based on the real SRS transmission at the same time.
1. [bookmark: _Toc503364274][bookmark: _Toc503364529][bookmark: _Toc503377817][bookmark: _Toc503503972]For the cell configured with the SUL carrier, the UE MAC may need to report both Type 1 PH and Type 3 PH at the same time.
In the current MAC spec, the above intended operation is not implemented yet for SUL We highlight the PH report procedure (see section 5.4.6 in 3GPP TS 38.321) as below
2>	if multiplePHR 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;
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,c field from the physical layer.
…………..
2>	else (i.e. Single Entry PHR format is used):
3>	obtain the value of the Type 1 or Type 3 power headroom from the physical layer for the corresponding uplink carrier;
The highlighted texts indicate that the current MAC doesn’t support the simultaneous reporting of Type 1 PH and Type 3 PH for the same cell. We propose corrections accordingly.  
[bookmark: _Ref178064866]Discussion
Currently agreed PHR formats and potential limitation for SUL
Up to now, there are two PHR formats including Single Entry PHR MAC CE and Multiple Entry PHR MAC CE that have been defined in NR December drop. The first format is applied in the single cell case, while the second format is applied in CA or DC cases. 
Neither of the two PHR formats can carry both Type 1 PH and Type 3 PH in a single PHR MAC CE. In more details,
1. The Single Entry PHR MAC CE is designed to carry only one PH field at a time. Upon reception of a Single Entry PHR MAC CE, the gNB doesn’t identify the type of the PH field, since there is no PH Type indicator in the MAC CE.
2. For the Multiple Entry PHR MAC CEs, the UE MAC can’t report Type 1 PH and Type 3 PH at the same time for any serving cell. For example, the current format allows the UE to report only Type 2 PH and Type 1 PH for PCell.
1. [bookmark: _Toc498620206][bookmark: _Toc498513177][bookmark: _Toc501140914][bookmark: _Toc501142923][bookmark: _Toc503364275][bookmark: _Toc503364530][bookmark: _Toc503377818][bookmark: _Toc503503973]Both Single Entry PHR MAC CE and Multiple Entry PHR MAC CE are not possible to carry both Type 1 PH and Type 3 PH simultaneously for a serving cell.
With the existing formats, it is possible for the UE MAC to send two consecutive PHR MAC CEs for a serving cell at the same time, one carries Type 1 PH field, while the second one carries Type 3 PH field. These consecutive PHR MAC CEs may be transmitted in the same or different MAC PDUs. Such option doesn’t require changes to the existing PHR formats. However, some additional rules must be defined for UE to distinguish Type 1 PHR from Type 3 PHR, since they use the same PHR format. The UE must know which PHR MAC CE is transmitted first when several PHR MAC CE are triggered at the same time. Upon reception of the PHR MAC CE, the gNB should be also able to identify the PH type of the PH field. Hence, this leads to additional complexity.
1. [bookmark: _Toc503364276][bookmark: _Toc503364531][bookmark: _Toc503377819][bookmark: _Toc503503974]When both Type 1 PH and Type 3 PH are triggered, with existing PHR formats, the UE MAC must report separate PHR MAC CEs consecutively. This requires additional rules to be defined to distinguish Type 1 PH from Type 3 PH. 
Possible corrections on PHR formats for SUL
As described in above section, we believe it is better to define new PHR formats for the UE MAC to report both Type 1 PH and Type 3 PH for the same cell in a single PHR MAC CE.   
1. [bookmark: _Toc503364277][bookmark: _Toc503364532][bookmark: _Toc503377820][bookmark: _Toc503503975]It is beneficial to define new PHR formats to report both Type 1 PH and Type 3 PH for the same cell in a single PHR MAC CE
We expect there may be two cases where the UE may need to report both Type 1 PH and Type 3 PH in a serving cell. 
In the first case, a single NR cell is configured with SUL carrier. In this case, a UE may transmit PUSCH transmission on one UL carrier, while transmit SRS on another UL carrier. 
In this case, an additional PHR format is defined to carry Type 1 PH and Type 3 PH for the same cell. When PHR is triggered, Type 1 PH is always present in the MAC CE, while whether Type 3 PH is present depending on if SRS transmission is configured on a different carrier. An indicator field may be added to indicate the presence of Type 3 PH. To save bits, one of R bits may be used. We give one example below to clarify our thinking. A length field L is added in the MAC sub-header to indicate the length of the MAC CE.
[image: ]
1. [bookmark: _Toc503364270][bookmark: _Toc503364271][bookmark: _Toc498620205][bookmark: _Toc501142929][bookmark: _Toc501223119][bookmark: _Toc501223193][bookmark: _Toc501961946][bookmark: _Toc502052275][bookmark: _Toc503364272][bookmark: _Toc503364533][bookmark: _Toc503377821][bookmark: _Toc503503976]For a single serving cell with SUL carrier, define an additional PHR format (e.g., named as SUL Single Cell PHR MAC CE), allowing the UE to report both Type 1 PH and Type 3 PH at the same time.
In the second case, a UE is configured with CA or DC where one serving cell (which may be PCell, PScell, or any other SCell) is configured with an SUL carrier. If RAN2 agrees that the second case may occur, an additional Multiple Entry PHR MAC CE need to be defined (e.g., named as SUL Multiple Entry PHR MAC CE), to support reporting of Type 3 PH for SUL carrier. A PH field for Type 3 need to be added for the serving cell containing SUL carrier, correspondingly, an additional Pcmax field must be also added. 
1. [bookmark: _Toc501142930][bookmark: _Toc501223121][bookmark: _Toc501223195][bookmark: _Toc501961947][bookmark: _Toc502052276][bookmark: _Toc503364273][bookmark: _Toc503364534][bookmark: _Toc503377822][bookmark: _Toc503503977]In case RAN2 agrees that a serving cell in CA and DC can be configured with an SUL carrier, an additional Multiple Entry PHR MAC CE should be defined (e.g., named as SUL Multiple Entry PHR MAC CE) to support the reporting of Type 3 PH for the serving cell containing SUL carrier.
Conclusions
Based on the discussion in section 2 we make the following observations and propose the following:
Observation 1	For the cell configured with the SUL carrier, the UE MAC may need to report both Type 1 PH and Type 3 PH at the same time.
Observation 2	Both Single Entry PHR MAC CE and Multiple Entry PHR MAC CE are not possible to carry both Type 1 PH and Type 3 PH simultaneously for a serving cell.
Observation 3	When both Type 1 PH and Type 3 PH are triggered, with existing PHR formats, the UE MAC must report separate PHR MAC CEs consecutively. This requires additional rules to be defined to distinguish Type 1 PH from Type 3 PH.
Observation 4	It is beneficial to define new PHR formats to report both Type 1 PH and Type 3 PH for the same cell in a single PHR MAC CE

Proposal 1	For a single serving cell with SUL carrier, define an additional PHR format (e.g., named as SUL Single Cell PHR MAC CE), allowing the UE to report both Type 1 PH and Type 3 PH at the same time.
Proposal 2	In case RAN2 agrees that a serving cell in CA and DC can be configured with an SUL carrier, an additional Multiple Entry PHR MAC CE should be defined (e.g., named as SUL Multiple Entry PHR MAC CE) to support the reporting of Type 3 PH for the serving cell containing SUL carrier.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
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