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1.	Introduction
During RAN5#96, an alternative method to UE Power Limit test function was discussed and endorsed in [1]. This method uses power headroom reporting to ensure the device have enough backoff to transmit all aggregated cells when setting the device to maximum output power (avoiding SCell drop).
So far, the applicability of this method based on power headroom reporting has been specified only for Release 15 devices using 2 component carriers UL CA and for the following test cases ([2], [3]):
•	6.2A.2.1	UE maximum output power reduction for CA (2UL CA)
•	6.5A.1.1 Occupied bandwidth for CA (2 UL CA)
•	6.5A.2.1.1 Spectrum emission Mask for CA (2 UL CA)
•	6.5A.2.2.1 Adjacent channel leakage ratio for CA (2 UL CA)
•	6.5A.3.1.1 General spurious emissions for CA (2UL CA)
•	6.5A.3.2.1 Spurious emission band UE co-existence for CA (2 UL CA)
•	6.5A.3.3.1 Additional spurious emissions for CA (2UL CA)
While integrating changes defined in [2] and [3], it has been observed that PC3 devices are not sending power headroom reporting for some test points of the test cases where this alternate method was included:
This document analyses the root cause causing the UE not to send required PHR to avoid SCell drop and proposes a way forward.
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Test cases impacted
While integrating changes defined in [2] and [3], it has been observed that PC3 devices are not sending power headroom reporting for the following test points in some of the test cases where this alternate method was included:
	Test case ID
	Test Case title
	Test points impacted

	
	
	Initial Conditions table
	Test ID
	Waveform
	Modulation
	RB allocation

	6.2A.2.1
	UE maximum output power reduction for CA (2UL CA)
	Table 6.2A.2.1.4.1-7: Intra-band Contiguous UL CA Test Configuration Table (Power Class 2, 3 and 4, Non-contiguous allocation) for Default Test Settings for a CA_XG, CA_nXO Configuration (Cumulative aggregated BWchannel < 400MHz)
	1 
	DFT-s-OFDM
	QPSK
	Outer_1RB_Left

	6.5A.2.1.1
	Spectrum Emission Mask for CA (2UL CA)
	Table 6.5A.2.1.1.4.1-1: Test Configuration Table
	1
	DFT-s-OFDM
	PI/2 BPSK
	Outer_1RB_Left

	
	
	
	2
	DFT-s-OFDM
	PI/2 BPSK
	Outer_1RB_Right

	
	
	
	4
	DFT-s-OFDM
	QPSK
	Outer_1RB_Left

	
	
	
	5
	DFT-s-OFDM
	QPSK
	Outer_1RB_Right

	
	
	
	13
	CP-OFDM
	QPSK
	Outer_1RB_Left

	
	
	
	14
	CP-OFDM
	QPSK
	Outer_1RB_Right

	6.5A.2.2.1
	Adjacent channel leakage ratio for CA (2UL CA)
	Table 6.5A.2.2.1.4.1-1: Test Configuration Table
	1
	DFT-s-OFDM
	PI/2 BPSK
	Outer_1RB_Left

	
	
	
	2
	DFT-s-OFDM
	PI/2 BPSK
	Outer_1RB_Right

	
	
	
	4
	DFT-s-OFDM
	QPSK
	Outer_1RB_Left

	
	
	
	5
	DFT-s-OFDM
	QPSK
	Outer_1RB_Right

	
	
	
	11
	CP-OFDM
	QPSK
	Outer_1RB_Left

	
	
	
	12
	CP-OFDM
	QPSK
	Outer_1RB_Right

	6.5A.3.1.1
	General spurious emissions for CA (2UL CA)
	Table 6.5A.3.1.1.4.1-1: Test Configuration Table
	2
	DFT-s-OFDM
	QPSK
	Inner_1RB for PC2, PC3 and PC4

	6.5A.3.2.1
	Spurious emission band UE co-existence for CA (2UL CA)
	Table 6.5A.3.2.1.4.1-1: Test Configuration Table
	2
	DFT-s-OFDM
	QPSK
	Inner_1RB for PC2, PC3 and PC4



There was no impact in the following test case:
•	6.5A.1.1 Occupied bandwidth for CA (2 UL CA)
The following test case could not be analysed because test point analysis is still pending:
•	6.5A.3.3.1 Additional spurious emissions for CA (2UL CA)	
2.2 Root cause analysis
Considering that all the impacted test points have in common a very low RB allocation (1RB), the root cause seems to be that there is not space enough in the TBS to fit the MAC PDU including the PHR.
The default configuration for the PHR according to 38.508-1 is the following one:
[image: ] 
Considering that multiple PHR is used for dual connectivity or carrier aggregation, the format of the PHR is defined according to 3GPP TS 38.321 section 6.1.3.9:
[image: ]
Where:
· First Octet in Figure 6.1.3.9-1 in TS 38.321 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.
· Second and third Octets in Figure 6.1.3.9-1 in TS 38.321 are not sent as phr-Type2OtherCell is set to false in TS 38.508-1 default PHR-Configuration.
· Fourth and fifth octets:
· In an EN-DC configuration, they correspond to the LTE cell, where the power headroom reporting is not configured so only fourth octet will be transmitted.
· In NR standalone, both fourth and fifth octets are transmitted and contain the PHR information of the NR PCell
· Sixth and seventh octet: 
· In an EN-DC configuration, both sixth and seventh octets are transmitted and contain the PHR information of the NR PCell
· In NR standalone, both sixth and seventh octets are transmitted and contain the PHR information of the NR SCell
In case more SCCs are aggregated, 2 octets per additional SCC should be added to the power headroom report. 
Summarizing, for NSA with 2 NR UL CA, the Multiple Entry PHR MAC CE requires 6 bytes, while for SA 2 NR UL CA, the Multiple Entry PHR MAC CE requires 5 bytes.
On top of this, a MAC subheader should be added to the form the MAC PDU according to TS 38.321 section 6.1.2 (first case of R/F/LCID/(eLCID)/L MAC subheader with 8-bit L field, assuming that LCID required is 56 as described in table 6.2.1-1 in 38.321:
[image: ]ç
Which means that for 2 NR UL CCs, 8 bytes are required to transmit the PMAC PDU including the power headroom reporting for EN-DC and 7 bytes are required for SA.
[bookmark: Obs1]Observation 1: For 2 NR UL CCs, 8 bytes are required to transmit the MAC PDU including the power headroom reporting for EN-DC and 7 bytes are required for SA.
On the other hand, the size of the transport block is determined by the reference measurement channels used for UL and the number of RB allocated in each test point (refer to 3GPP 38.214 section 6.1.4). 
For the impacted test points mentioned above, these are the transport block sizes (TBSs):
	Waveform
	Modulation
	IMCS
	TB size (bits)

	DFT-s-OFDM
	BPSK
	0
	24 

	DFT-s-OFDM
	QPSK
	2
	48

	CP-OFDM
	QPSK
	2
	56



[bookmark: Obs2]Observation 2: For the impacted test points, TBS is smaller than the size of the MAC PDU including the Multiple Entry PHR MAC CE.
As a conclusion, the device can’t fit the Multiple Entry PHR MAC CE in the TBS so it does not send the information required. 
This issue gets worse while increasing the number of aggregated component carriers.
Additionally, the default configuration for Buffer Status Reporting in TS 38.508-1 is as follows:
[image: ]
Which means that it is likely that the device needs to send BSR in the same MAC PDU as the Multiple Entry PHR MAC CE, which drives the issue more serious.
In order to minimize this risk, it is proposed to set periodicBSR-Timer to infinity in the impacted test cases
[bookmark: Prop1]Proposal 1: Set periodicBSR-Timer to infinity in impacted RF test cases.
2.3 Potential solutions
It was observed that increasing enough the number of RB allocated or the MCS, the device started to send Multiple Entry PHR MAC CEs.
Hence, at least the following 3 options could solve the issue observed:
· Option 1: Not to test 1RB allocation test IDs in the impacted test cases if the device is Rel-15.
· Option 2: Increase the number of RB allocated in the impacted test IDs within the affected test cases while keeping the existing reference measurement channels defined in core specifications. 
· This option might require different initial conditions table for 38.521-2 and 38.521-3 FR2 testing and updates to test point analysis in 38.905.
· Option 3: Request RAN4 to increase appropriately MCS in the UL reference measurement channels defined in TS 38.101-2 Annex A.2.
· FFS which would be the implications of increasing MCS in UL RMCs.
In order to correct current status of test specification in current meeting cycle, it is proposed to implement option 1.
[bookmark: Prop2]Proposal 2: Not to test 1RB allocation test IDs in the impacted test cases if the device is Rel-15.
3. 	Conclusion
This document analyses the root cause causing the UE not to send required PHR to avoid SCell drop and makes the following observation and proposals:
Observation 1: For 2 NR UL CCs, 8 bytes are required to transmit the MAC PDU including the power headroom reporting for EN-DC and 7 bytes are required for SA.
Observation 2: For the impacted test points, TBS is smaller than the size of the MAC PDU including the Multiple Entry PHR MAC CE.
Proposal 1: Set periodicBSR-Timer to infinity for RF test cases in TS 38.508-1 section 5.
Proposal 2: Not to test 1RB allocation test IDs in the impacted test cases if the device is Rel-15.
Proposals 1 and 2 are implemented in [5] .
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