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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At the previous meeting, RAN5 has been requested to study the feasibility of the PHR method (Option 1C) in order to resolve the Scell drop issue in FR2 UL CA test cases and quickly unblock UL CA testing [1]. In this contribution, we present the results of our analysis.
Discussion
While we have estimated the impact of the PHR method on test system implementation, a test of the method with hardware has yet not been possible. Therefore, we cannot provide a definite answer whether the PHR method can be implemented with a report periodicity of 10ms.
We note that the TE needs to send the TPC commands in advance since the UE requires some time between receiving a TPC command and sending an updated PHR report. Based on the k2 configuration in PUSCH-ConfigCommon for an SCS of 120 kHz in TS 38.508-1 [2], the delay is 1 ms. Thus, the TE has less than 9 ms, to decode the PHR report and to send TPC commands based on its content.

Observation 1: There is a time lag between the two events of the UE receiving a TPC command and UE sending an updated PHR report. 

In general, there should not be any power changes during a RF measurement, as they can have detrimental effects on the measurement result and in addition some test requirements are not valid close to or during power changes. Therefore, no TPC commands shall be sent by the TE during the measurement.

Observation 2: During measurements, TPC commands shall not be sent in order to ensure accurate measurement results.

Considering observation 2, it is required that the PHR method terminates after the PHR for each CC is at its target level before the measurement can start. Thus, the PHR method is based on the assumption that the PHR report remains constant when no TPC commands are sent. Otherwise, when the PHR fluctuates although no TPC commands are sent, the Scell drop cannot always be avoided. 



Observation 3: In the PHR method it is assumed that the PHR does not change its value when the UE does not receive a TPC command. 

Proposal 1: We request chipset vendors and OEMs to confirm the assumption that the PHR value remains constant when the UE does not receive a TPC command.

Due to observation 3, it is not necessary to evaluate each report when setting the PHR values of the individual carriers to their target values.

Observation 4: It is not necessary to evaluate each PHR report sent by the UE when setting the PHR values of the individual carriers to their target values.

In order to quickly unblock UL CA testing, it is beneficial to reduce the complexity of the implementation of the PHR method. Therefore, we propose to leave it up to TE implementation whether to analyze all PHR reports or to skip some PHR reports, i.e., to adjust the cell powers with any delay between the decoding of the PHR report and the transmission of TPC commands. After the TE has sent a TPC command, it checks one of the following PHR reports and decides whether and which TPC command is sent until the PHR values for each carrier are at their target values. In the end, it is only important that the TE implementation achieves the correct PHR, the exact details of analyzing the reports and sending the TPC commands can be left up to implementation.

In the following, we outline the adaptations of the test procedure compared to Ericsson’s draft CR with changes highlighted by change marks. 

6.2A.2.1.4.2	Test procedure
1.	Configure SCC according to Annex C.0, C.1, C.2 and Annex C.3.0 for all downlink physical channels 
2.	The SS shall configure SCC as per TS 38.508-1 [10] subclause 5.5.1 Procedure to configure SCC(s) for NR RF CA testing. Message contents are defined in subclause 6.2A.2.1.4.3. 
3.	Apply the test step based on the 5G NR UE Release:
3a.	For Release 16 and forward 5G NR UEs supporting the UPLF test mode: SS applies a backoff on the PCell power by activating the UE Power Limit Function (UPLF).  The ACTIVATE POWER LIMIT REQUEST procedure is performed as specified in TS 38.508-1 [10] clause 4.9.32 using condition ‘NR FR2 2CA’. UE shall transmit ACTIVATE POWER LIMIT RESPONSE to SS. Go to step 4.
3b.	For Release 15 5G NR UEs and 5G NR UEs not supporting the UPLF test mode: No action
3c. For testing single CC MPR requirement: No action
4.  SS activates SCC by sending the activation MAC CE (Refer TS 38.321, clauses 5.9, 6.1.3.10). Wait for at least 2 seconds (Refer TS 38.133[25], clause 9.3).
5.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.2A.2.1.4.1-1 to Table 6.2A.2.1.4.1-7. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
6.	Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
7.	Apply the test step based on the 5G NR UE Release:
7a. For Release 16 and forward 5G NR UEs supporting the UPLF test mode: Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec starting from the first TPC command in this step to ensure that the UE transmits at its maximum output power. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
[bookmark: _Hlk110254786]7b. For Release 15 5G NR UEs and 5G NR UEs not supporting the UPLF test mode: After receiving a Power Headroom Report (PHR) from the UE, Ssend one uplink power control commands in uplink scheduling information to the UE per CC. Repeat until the Power Headroom Report (PHR) from the UE (reported every 10 subframes) for each CC is at the target value according to Table 6.2A.2.1.4.2-1. 
[bookmark: _Hlk107565009]Table 6.2A.2.1.4.2-1: Power target values for test procedure using PHR
	BW ratio (Note 1)
	Xmax [dB] (Note 2)
	Target PHR
	ΔPHR [dB] (Note 3)
	BW combination examples

	1/2
	3.0
	POWER_HEADROOM_36 (3  PH  4)
	1
	2CC equal BW

	1/3
	4.8
	POWER_HEADROOM_38 (5  PH  6)
	1.2
	2CC 50+100 MHz CC1

	2/3
	1.8
	POWER_HEADROOM_35 (2  PH  3)
	1.2
	2CC 50+100 MHz CC2

	1/5
	7.0
	POWER_HEADROOM_40 (7  PH  8)
	1.0
	2CC 50+200 MHz CC1

	4/5
	1.0
	POWER_HEADROOM_34 (1  PH  2)
	1.0
	2CC 50+200 MHz CC2

	1/9
	9.5
	POWER_HEADROOM_43 (10  PH  11)
	1.5
	2CC 50+400 MHz CC1

	8/9
	0.5
	POWER_HEADROOM_34 (1  PH  2)
	1.5
	2CC 50+400 MHz CC2

	Note 1: 	The BW ratio is the ratio of BW of the CC over the total Aggregated BW
Note 1: 	Xmax = 10log(BW ratio)
Note 3:	ΔPHR is the worst case UE output power decrease due to Xmax and 1 dB reporting granularity of PHR according to TS38.133 [x]. At the target PHR, the UE Power Headroom is within the range Xmax≤PH<Xmax+ΔPHR



7c. For testing single CC MPR requirement: Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec starting from the first TPC command in this step to ensure that the UE transmits at its maximum output power. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
…
Proposal 2: Allow to skip PHR reports and update the test procedure as outlined above.
In summary, it is not required to evaluate each report sent by the UE. Thus, the method’s feasibility is independent on timing requirements when the test procedure is updated as proposed.
	Conclusion
In summary, the feasibility of the PHR method has been assessed. 
Observation 1: There is a time lag between the two events of the UE receiving a TPC command and UE sending an updated PHR report. 
Observation 2: During measurements, TPC commands shall not be sent in order to ensure accurate measurement results.

Observation 3: In the PHR method it is assumed that the PHR does not change its value when the UE does not receive a TPC command. 
Proposal 1: We request chipset vendors and OEMs to confirm the assumption that the PHR value remains constant when the UE does not receive a TPC command.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 4: It is not necessary to evaluate each PHR report sent by the UE when setting the PHR values of the individual carriers to their target values.
Proposal 2: Allow to skip PHR reports and update the test procedure as outlined above.
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