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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the last meeting, PH type determination in case of multiple UL grants was discussed based on [1], but no conclusion was reached. In this contribution, we further analyze this issue and give our preference.
Discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11]In this section, we first clarify which UL grant to use for sending a pending PHR in case of multiple UL grants. And then discuss how to determine the PH type.
In which UL grant to send PHR in case of multiple UL grants?
The current MAC specification defines the “timing” of the PHR MAC CE based on the Multiplexing and Assembly procedure as follows:
	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 logical channel prioritization:
2>	if multiplePHR is configured:
[…]
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 6.1.3.9 based on the values reported by the physical layer.
2>	else (i.e. Single Entry PHR format is used):
[…]
3>	instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC CE as defined in subclause 6.1.3.8 based on the value reported by the physical layer.
2>	start or restart phr-PeriodicTimer;
2>	start or restart phr-ProhibitTimer;
2>	cancel all triggered PHR(s).



From the above, we understand that in case of multiple available UL resources, the Multiplexing and Assembly procedure generates the PHR MAC CE associated with the pending PHR(s) on the next assembly time of a MAC PDU.
Observation 1: In case of multiple available UL resources, the Multiplexing and Assembly procedure generates the PHR MAC CE associated with the pending PHR(s) on the next assembly time of a MAC PDU.
Then the next question is: in case of multiple UL grants, when is the next assembly time of a MAC PDU? NR supports flexible scheduling with different PUSCH offsets and durations, so that an UL resource allocated by a later UL grant overlaps with - or even comes earlier than - an UL resource allocated by an earlier UL grant, as shown in the following Figure-1.


[bookmark: OLE_LINK14][bookmark: OLE_LINK15]                                                   Figure-1 Relation between multiple UL grants

For Case (a), the multiple UL grants are overlapped in time domain. Which one should be treated first is defined as below according to the MAC specification:
[bookmark: OLE_LINK9]If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
Based on the above description, it is clear that the first treated UL grant is decided by UE implementation. It means the PHR MAC CE can be contained in any of the UL grants. 
Observation 2: In case of multiple UL grants are time-domain overlapped, which UL grant will convey the PHR MAC CE depends on UE implementation.
For Case (b)，the multiple UL grants are not time-domain overlapped. When UE receives UL grant 1 in PDCCH occasion 1, it does not know yet it will later receive UL grant 2 (coming earlier than UL grant 1) in PDCCH occasion 2. Hence, it is obvious the LCP procedure of UL grant 1 resource does not need to wait for the reception of UL grant 2. In this case, which UL grant will convey the PHR MAC CE depends on which MAC PDU is assembled first. 
Observation 3: In case of multiple UL grants are not time-domain overlapped, which UL grant will convey the PHR MAC CE also depends on UE implementation.
Based on Observation 1&2&3, it is obvious that the UL grant used for PHR MAC CE transmission may be not the first UL grant after PHR trigger. Which UL grant will be used depends on how the UE performs LCP.
Proposal 1: The UL grant used for PHR MAC CE transmission might not be the first UL grant coming after PHR trigger, and which UL grant will be used depends on UE implementation.
PHR type determination
The current PH type determination in MAC specification is as below:
	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 for a new transmission is received since a PHR has been triggered.


[bookmark: _GoBack]According to above observations and proposal 1, the yellow part in the current MAC specification is not proper. Take case (b) of Figure-1 as an example, assuming UE uses resource of UL grant 1 for PHR transmission and assembles the associated MAC PDU before T2, when determining the PH type, the downlink control information for UL grant 2 in PDCCH occasion 2 will not be considered. But according to the current MAC specification, this downlink control information should be considered because it is the PDCCH occasion of the first UL grant for a new transmission.


Figure-2 Illustration of MAC PDU assembly
Hence, in order to reflect the correct PH type determination procedure, the MAC specification should be changed. That is 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 for uplink scheduling or activated configured grant which has been received prior to the first MAC PDU assembly since a PHR has been triggered.
Proposal 2：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 for uplink scheduling or activated configured grant which has been received prior to the first MAC PDU assembly since a PHR has been triggered.
In RAN1#93 meeting, RAN1 agreed to reuse the MAC PH type determination description in RAN1. The corresponding agreement is as below:
	[bookmark: OLE_LINK13]Agreement
RAN1 changes the text in TS38.213 to be consistent with TS38.321 on how UE determines whether PH value for an activated Serving Cell is based on real transmission or a reference format. The text from TS38.321 is provided below:
“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.”


Hence, if we change the PH type determination description in MAC, we should send an LS to RAN1 to notify them to update TS38.213 accordingly.
Proposal 3：Send an LS to RAN1 to inform RAN1 about PH determination fix in MAC.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: The UL grant used for PHR MAC CE transmission might not be the first UL grant coming after PHR trigger, and which UL grant will be used depends on UE implementation.
Proposal 2：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 for uplink scheduling or activated configured grant which has been received prior to the first MAC PDU assembly since a PHR has been triggered.
Proposal 3：Send an LS to RAN1 to inform RAN1 about PH determination fix in MAC.
The corresponding TS 38.321 CR for Proposal 2 is provided in [3].
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