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Introduction
This contribution describes testability issue in FR2 Radio Link Monitoring test cases and proposes changes in test procedure to avoid testability issues in FR2 for those test cases.
Discussion
[bookmark: _Ref31104997]FR1 Radio Link Monitoring test cases check against minimum output power and transmit off power to provide the verdict.
For FR1 out-of-synch case defined in [1], test case checks UL power levels above minimum output power to verify UE is in-synch and checks there is not UL power level above transmit off power to verify UE is out-of-synch:
If the SS:

a) detects uplink power equal to or higher than minimum output power defined in TS 38.521-1 [17] clause 6.3.1.5 in each subframe configured for CSI transmission (according to configured CSI periodicity on PUCCH format 2) during the period from time point A to time point B
and

b) does not detect any uplink power higher than OFF power defined in TS 38.521-1 [17] clause 6.3.2.5 from time point C (D1 after the start of T3) until T3 expires,

the number of successful tests is increased by one.
Similar scenario is used in FR1 in-synch test case where SS needs to check detection of UL power level above or equal to minimum output power:
7.	If the SS detects uplink power equal to or higher than the minimum output power defined in TS 38.521-1 [17] clause 6.3.1.5  in the subframe according the configured CSI reporting during the period from time point A to time point F (D1 after the start of time duration T5) the number of successful tests is increased by one.
Otherwise the number of failed tests is increased by one.

Hence, FR1 RLM test procedures requires to SS to detect power level at minimum output power and above transmit off power. 
Observation 1: FR1 RLM test procedures requires to SS to detect power level at minimum output power and above transmit off power
However, minimum output power and transmit off power in FR2 are declared as non-testable requirements due to high high free space losses at FR2 frequencies. Indeed, it has been agreed for UE Tx test cases some relaxation in core requirements as defined in [2] clause 6.3.1 and clause 6.3.2 for minimum output power and transmit off power respectively:
Table 6.3.1.5-2: Minimum output power for power class 2, 3, and 4
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258, n261
	50
	-13+TT
	47.58

	
	100
	-13+2.4+TT
	95.16

	
	200
	-13+5.4+TT
	190.20

	
	400
	-13+8.4+TT
	380.28

	n260
	50
	-13+4.5+TT
	47.58

	
	100
	-13+7.5+TT
	95.16

	
	200
	-13+10.5+TT
	190.20

	
	400
	-13+13.5+TT
	380.28

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement + relaxation).



Table 6.3.2.5-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n2572
	-35+21.4
	-35+24.4
	-35+27.4
	-35+30.4

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	n258, n261
	-35+[21.4]
	-35+[24.4]
	-35+[27.4]
	-35+[30.4]

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	n260
	-35+[24.1]
	-35+[27.1]
	-35+[30.1]
	-35+[33.1]

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement + relaxation).
NOTE 2: 	Relaxed n257 test requirement is testable for PC3.



Indeed, big relaxation in transmit OFF power is only agreed for band n257, where for other FR2 bands relaxation is still pending to be concluded.
Observation 2: FR2 Minimum output power and transmit OFF power can´t be measured without relaxations.
Hence, to avoid these testability issues in FR2 RLM test cases it is proposed to define a different mechanism to check UE is in out-of-synch and in-synch. Next steps are proposed to avoid checking against minimum output power and transmit OFF power:
· Use close loop power control to bring the device in a controlled UL power level ± tolerance. It is proposed to use TPC command to bring the device to its maximum output power. Hence, SS can ensure all uplink transmissions shall occur around maximum output power
· Having device transmitting at its maximum output power, SS needs to check if detects uplink power level around maximum output power ± tolerance to determine in-sync state
· Having device transmitting at its maximum output power, SS needs to check there is not uplink power level around maximum output power ± tolerance to determine out-of-sync state
Proposal 1: Use, in FR2 RLM test cases, close loop power control to bring the device in a controlled UL power level ± tolerance. Hence SS needs to check uplink power level around maximum output power ± tolerance to determine in-synch or out-of-sync state
Proposal 1 can be translated into following steps in FR2 RLM out-of-sync test procedure (in bold new test steps):
1. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity EN-DC, DC bearer MCG and SCG, Connected without release On according to TS 38.508-1 [6] clause 5.5.
2. 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.
3. Set the parameters according to T1 in Table 5.5.1.1.4.4-1 for subtest 1 and 2. Propagation conditions are set according to Annex TBD. T1 starts.
4. When T1 expires the SS shall change the SNR value to T2 as specified in Table 5.5.1.1.4.4-1 for subtests 1 and 2. T2 starts.
5. When T2 expires the SS shall change the SNR value to T3 as specified in Table 5.5.1.1.4.4-1 for subtests 1 and 2. T3 starts.
6. If the SS:

a) detects uplink power at maximum output power as defined in TS 38.521-2 [18] clause 6.2.1 ± tolerance in each subframe configured for CQI transmission (according to configured CQI periodicity on PUCCH [format 1]) during the period from time point A to time point B
and

b) does not detect any uplink power at maximum output power as defined in TS 38.521-2 [18] clause 6.2.1 ± tolerance from time point C (240 ms after the start of T3) until T3 expires,

the number of successful tests is increased by one.
6. Otherwise the number of failed tests is increased by one and proceed to Step 10.
7. When T3 expires the SS shall change the SNR value to T1 as specified in Table 5.5.1.1.4.4-1.
8. If the UE has not re-established the connection in at least 1s, the SS shall ensure PSCell is released. 
9. The SS then shall transmit RRCConnectionReconfiguration message with condition MCG_and_SCG according to TS 36.508 [25] Table 4.6.1-8 to add NR cell (PSCell). The UE shall transmit RRCConnectionReconfigurationComplete message.
10. If the Reconfiguration fails, switch off and on the UE and ensure the UE is in RRC_CONNECTED with generic procedure parameters Connectivity EN-DC, DC bearer MCG and SCG, Connected without release On according to TS 38.508-1 [14] clause 4.5].
11. Repeat steps 2-10 until the confidence level according to Tables G.2.3-1 in Annex G clause G.2 is achieved.
Proposal 2: Define Step 2 and Step 7 as above for FR2 RLM out-of-sync test cases
Proposal 1 can be translated into following steps in FR2 RLM in-sync test procedure (in bold new test steps):
1. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity EN-DC, DC bearer MCG and SCG, Connected without release On according to TS 38.508-1 [6] clause 4.5.	
2. 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.
3. Set the parameters according to T1 in Table 5.5.1.2.4-1 for subtest 1 and 2. Propagation conditions are set according to Annex TBD. T1 starts.
4. When T1 expires, the SS shall change the SNR value to T2 as specified in Table 5.5.1.2.5-1. T2 starts.
5. When T2 expires, the SS shall change the SNR value to T3 as specified in Table 5.5.1.2.5-1. T3 starts.
6. When T3 expires, the SS shall change the SNR value to T3 as specified in Table 5.5.1.2.5-1. T4 starts.
7. When T4 expires, the SS shall change the SNR value to T3 as specified in Table 5.5.1.2.5-1. T5 starts.
8. If the SS detects uplink power at maximum output power as defined in TS 38.521-2 [18] clause 6.2.1 ± tolerance in the On-duration part of every DRX cycle in the subframe according the configured CQI reporting mode (PUCCH 1-0) during the period from time point A to time point F (1120 ms after the start of time duration T5) the number of successful tests is increased by one.
Otherwise the number of failed tests is increased by one.
9. Repeat steps 2-7 for all subtests until the confidence level according to Tables G.2.3-1 in Annex G clause G.2 is achieved.
Proposal 3: Define Step 2 and Step 8 as above for FR2 RLM in-sync test cases
Conclusion
The following observations and proposals were made in this contribution.
Observation 1: FR1 RLM test procedures requires to SS to detect power level at minimum output power and above transmit off power
Observation 2: FR2 Minimum output power and transmit OFF power can´t be measured without relaxations.
Proposal 1: Use, in FR2 RLM test cases, close loop power control to bring the device in a controlled UL power level ± tolerance. Hence SS needs to check uplink power level around maximum output power ± tolerance to determine in-synch or out-of-sync state.
Proposal 2: Define Step 2 and Step 7 as above for FR2 RLM out-of-sync test cases
Proposal 3: Define Step 2 and Step 8 as above for FR2 RLM in-sync test cases
References
[1] TS 38.533, User Equipment (UE) conformance specification; Radio Resource Management (RRM), V16.7.0 (2021-03)
[2] TS 38.521-2, User Equipment (UE) conformance specification; Radio transmission and reception; Part 2: Range 2 Standalone, V16.7.0 (2021-3)
