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7.1.1.11	NR Dual Connectivity
7.1.1.11.1	DC power headroom reporting / PSCell activation and DL pathloss change reporting
7.1.1.11.1.1	Test Purpose (TP)
(1)
with { UE in RRC_CONNECTED state on Pcell }
ensure that {
  when { PSCell is added }
    then { UE transmits a Power Headroom Report for the PCell and PSCell }
            }

(2)
with { UE in RRC_CONNECTED state with PSCell and with Power headroom reporting for phr-Tx-PowerFactorChange }
ensure that {
[bookmark: _Hlk87549148]  when { the DL Pathloss has changed more than phr-Tx-PowerFactorChange dB and phr-ProhibitTimer is running }
    then { UE does not transmit a MAC PDU containing Power Headroom MAC Control Element }
            }

(3)
with { UE in RRC_CONNECTED state with PSCell and with Power headroom reporting for phr-Tx-PowerFactorChange }
ensure that {
  when { the phr-ProhibitTimer expires and power headroom report is triggered due to DL Pathloss change  }
    then { UE transmits a MAC PDU containing Power Headroom MAC Control Element for the Pcell and PSCell }
            }

7.1.1.11.1.2	Conformance requirements
References: The conformance requirements covered in the present TC are specified in: 3GPP TS 38.321 clause 5.4.6 
[TS 38.321, clause 5.4.6]
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] for NR Serving Cell and clause 5.1.1.2 of TS 36.213 [17] for E-UTRA Serving Cell;
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>	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).
7.1.1.11.1.3	Test description
7.1.1.11.1.3.1	Pre-test conditions
System Simulator:
-	NR Cell 1 is the PCell and NR Cell 10 is the PSCell.
-	System information combination NR-4 as defined in TS 38.508-1 [4] clause 4.4.3.1.3 is used in all cells.
UE:
-	None.
Preamble:
-	The UE is in state NR RRC_CONNECTED using generic procedure parameter Connectivity (NR-DC), Test Mode (On) associated with UE test loop mode A  configured on NR Cell 1 according to TS 38.508-1 [4], clause 4.5.4.
7.1.1.11.1.3.2	Test procedure sequence
Table 7.1.1.11.1.3.2-0: Cell configuration power level changes over time for Conducted test environmentFR1
	
	Parameter
	Unit
	NR Cell 1
	NR Cell 10
	Remarks

	T0
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-82off
	

	T1
	Cell-specific RS EPRE
	dBm/SCS
	-89
	-82
	

	T2
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-82
	

	T3
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-89
	

	T4
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-82
	



Table 7.1.1.11.1.3.2-0A: Cell configuration power level changes over time for OTA test environment FR2
	
	Parameter
	Unit
	NR Cell 1
	NR Cell 10
	Remarks

	T0
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-82off
	

	T1
	Cell-specific RS EPRE
	dBm/SCS
	n/a-91
	n/a-82
	

	T2
	Cell-specific RS EPRE
	dBm/SCS
	n/a-82
	n/a-82
	

	T3
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-91
	

	T4
	Cell-specific RS EPRE
	dBm/SCS
	-82
	-82
	



Table 7.1.1.11.1.3.2-1: Main behaviour
	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS transmits UL grant on PCell and PSCell to the UE at every 10ms in PDCCH occasion.
	<--
	-
	-
	-

	2
	SS transmits NR RRCReconfiguration message to configure to specific Power Headroom parameters for NR Cell
	<--
	RRCReconfiguration
	-
	-

	3
	Check: Does the UE transmit a MAC PDU containing Multiple-Entry PHR MAC CE on PCell ?
(Note 1)
	-->
	MAC PDU
	1
	P

	3A
	Check: Does the UE transmit a MAC PDU containing Multiple-Entry PHR MAC CE on PSCell?
(Note 1)
	-->
	MAC PDU
	1
	P

	4
	The UE transmits an NR RRCReconfigurationComplete message including nr-SCG-Response (Note 1)
	-->
	RRCReconfigurationComplete
	-
	-

	5
	Wait for T= 10% of prohibitPHR-Timer from step 3
	-
	-
	-
	-

	-
	EXCEPTION : Steps 6 to 12 shall be executed depending on PSCell Configuration.
(Note 3)
	-
	-
	-
	-

	6
	IF PSCell is configured as FR1 THEN Reduce SS power level for NR PCell so as to cause a DL_Pathloss change at UE by 5dB, row T1 of Table 7.1.1.11.1.3.2-0/0A.
	-
	-
	-
	-

	7
	Check: For 80% of prohibitPHR-Timer since step 3, does the UE transmit a MAC PDU containing Multiple-Entry PHR MAC CE on PCell? 
	-->
	MAC PDU
	2
	F

	8
	Check: After prohibitPHR-Timer after step 3, does the UE transmit a MAC PDU containing Multiple-Entry PHR MAC CE on PCell?
	-->
	MAC PDU
	3
	P

	9
	Increase SS power level for NR PCell so as to cause a DL_Pathloss change at UE by 5dB, row T2 of Table 7.1.1.11.1.3.2-0/0A.
	-
	-
	-
	-

	10
	Check: For 80% of prohibitPHR-Timer since step 8, does the UE transmit a MAC PDU containing Power Headroom MAC Control Element on PCell? 
	-->
	MAC PDU
	2
	F

	11
	Check: After prohibitPHR-Timer after step 8, does the UE transmit a MAC PDU containing Power Headroom MAC Control Element on PCell? 
	-->
	MAC PDU
	3
	P

	12
	Wait for T= 10% of prohibitPHR-Timer from step 11
	-
	-
	-
	-

	13
	Reduce SS power level for NR PSCell so as to cause a DL_Pathloss change at UE by 5dB, row T3 of Table 7.1.1.11.1.3.2-0/0A.
	-
	-
	-
	-

	14
	IF PSCell is configured as FR2 THEN Check: For 80% of prohibitPHR-Timer since step 3A11, does the UE transmit a MAC PDU containing Multiple-Entry PHR MAC CE? 
	-->
	MAC PDU
	2
	F

	15
	Check: After prohibitPHR-Timer after step 11, dDoes the UE transmit a MAC PDU containing Multiple-Entry PHR MAC CE on PSCell? 
	-->
	MAC PDU
	3
	P

	16
	Increase SS power level for NR PSCell so as to cause a DL_Pathloss change at UE by 5dB, row T4 of Table 7.1.1.11.1.3.2-0/0A.
	-
	-
	-
	-

	17
	Check: For 80% of prohibitPHR-Timer since step 15, does the UE transmit a MAC PDU containing Power Headroom MAC Control Element on PSCell? 
	-->
	MAC PDU
	2
	F

	18
	Check: After prohibitPHR-Timer after step 15, does the UE transmit a MAC PDU containing Power Headroom MAC Control Element on PSCell? 
	-->
	MAC PDU
	3
	P

	19
	The SS transmits an NR RRCReconfiguration message to disable Power Headroom reporting
	<--
	RRCReconfiguration
	-
	-

	20
	The UE transmits an NR RRCReconfigurationComplete message to confirm the disabling of Power Headroom parameters
	-->
	RRCReconfigurationComplete
	-
	-

	Note 1:	Steps 3 and 4 can happen in any order.
Note 2:	Void.
Note 3: 	Steps 6 to 12 are excluded when executed with FR1+FR2 band combination due to limitation in FR1 OTA 				requirements specified in 38.508-1 [4] clause 6.2.2.2.3. phr-Tx-PowerFactorChange for PCell is not tested 				due to this limitation



7.1.1.11.1.3.3	Specific Message Contents
Table 7.1.1.11.1.3.3-1: RRCReconfiguration (step 2, Table 7.1.1.11.1.3.2-1)
	Derivation Path: TS 38.331 [6], clause 6.2.2

	Information Element
	Value/remark
	Comment
	Condition

	RRCReconfiguration ::= SEQUENCE {
	
	
	

	  rrc-TransactionIdentifier
	RRC-TransactionIdentifier
	
	

	  criticalExtensions CHOICE {
	
	
	

	    rrcReconfiguration SEQUENCE {
	
	
	

	      radioBearerConfig
	Not present
	
	

	      nonCriticalExtension SEQUENCE {

	
	
	

	        masterCellGroup
	CellGroupConfig-phr
	
	

	        nonCriticalExtension SEQUENCE {
	
	
	

	          mrdc-SecondaryCellGroupConfig CHOICE {
	
	
	

	            setup SEQUENCE {
	
	
	

	              mrdc-ReleaseAndAdd
	Not present
	
	

	              mrdc-SecondaryCellGroup CHOICE {
	
	
	

	                nr-SCG
	RRCReconfiguration-SCG-phr
	OCTET STRING (CONTAINING RRCReconfiguration)
	

	              }
	
	
	

	            }
	
	
	

	          }
	
	
	

	        }
	
	
	

	      }
	
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	



Table 7.1.1.11.1.3.3-1A: RRCReconfiguration-SCG-phr (step 2, Table 7.1.1.11.1.3.2-1)

	Derivation Path: TS 38.331 [6], clause 6.2.2

	Information Element
	Value/remark
	Comment
	Condition

	RRCReconfiguration ::= SEQUENCE {
	
	
	

	  rrc-TransactionIdentifier
	RRC-TransactionIdentifier
	
	

	  criticalExtensions CHOICE {
	
	
	

	    rrcReconfiguration SEQUENCE {
	
	
	

	      radioBearerConfig
	Not present
	
	

	      secondaryCellGroup
	CellGroupConfig-phr
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	



Table 7.1.1.11.1.3.3-2: CellGroupConfig-phr (step 2, Table 7.1.1.11.1.3.2-1)
	Derivation Path: 38.508-1 [4], Table 4.6.3-19

	Information Element
	Value/remark
	Comment
	Condition

	cellGroupConfig::= SEQUENCE {
	
	
	

	  mac-CellGroupConfig SEQUENCE {
	
	
	

	    phr-Config CHOICE {
	
	
	

	      setup SEQUENCE {
	
	
	

	        phr-PeriodicTimer
	infinity
	
	

	        phr-ProhibitTimer
	sf500
	
	

	        phr-Tx-PowerFactorChange
	dB3
	
	

	        multiplePHR
	true
	
	

	        dummy
	false
	
	

	        phr-Type2OtherCell
	false
	
	

	        phr-ModeOtherCG
	real
	
	

	      }
	
	
	

	    }
	
	
	

	  }
	
	
	

	}
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