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Introduction
This contribution is a continuation of [1] presented in RAN5#91e where testability issue in FR2 Radio Link Monitoring test cases was identified and discussed.
Discussion
[bookmark: _Ref31104997]In [1] it was identified the testability issue in FR2 RLM test cases as test procedure requires to check UL power levels around minimum output power and transmit OFF power.
In [1] it was proposed an alternate method to avoid FR2 RLM testability issues however, RAN5 as a group did not agree on proposals described in [1].
In this contribution it is intended to analyse further the potential FR2 testability issues considering SNR and power levels required by RLM test cases and following aspects:
· Testability issues to measure transmit OFF and minimum output power were identified in [1]
· UL power levels identified in [1] are defined per channel BW
· RLM test cases requires UE to report periodic CSI reports.
· These CSI reports are requested in PUCCH
· PUCCH configuration requests 6 PRBs as the larger configuration in BW terms defined in [2]
On the other hand, considering UE will transmit with higher power level in worse SNR conditions, it is proposed to analyse the best SNR condition defined in FR2 RLM test cases which will correspond with the lowest UL power level transmission. In [3], A.5.5.1.1 and A.5.5.1.2 defines SNR of 2dB with Noc = -92.1 dBm/15 kHz, hence higher power level defined in these test cases is -90.1 dBm/15kHz as higher DL power level across different time period in FR2 RLM test cases.
Hence, it is proposed to check UL power level for following conditions:
· UL BW = 6 PRBs
· Best SNR condition = 2dB (from 5.5.1.1 and 5.5.1.2)
· DL SS-RSRP = -90.1 dBm/15 kHz
Above conditions needs to be evaluated in PUCCH power level formula defined in [4] as follows:
[image: ]
If PUCCH power level with above conditions and corresponding signalling parameters is higher than [minimum output power + tolerance], then TE could ensure PUCCH can be decoded in FR2 conditions.
Proposal 1: to evaluate PUCCH power level following [4] clause 7.2.1 and parameters: 6 PRBs for UL and DL SS-RSRP as -90.1 dBm/15kHz
Following table is considered to evaluate PPUCCH power level based on above conditions and parameters defined in TS 38.508-1:
	Parameter
	Value
	Description
	TS 38.508-1

	P0_PUCCH
	-90
	P0_PUCCH is a parameter composed of the sum of a component  , provided by p0-nominal, or   dBm if p0-nominal is not provided, for carrier   of primary cell   and, if provided, a component   provided by p0-PUCCH-Value in P0-PUCCH for active UL BWP   of carrier   of primary cell  , where  .   is a size for a set of   values provided by maxNrofPUCCH-P0-PerSet. The set of   values is provided by p0-Set. If p0-Set is not provided to the UE,  ,  
	p0-nominal = -90
p0-Set = Not present

	 
	 
	 
	

	u
	3
	SCS 120
	 

	Mrb_PUCCH
	6
	 Mrb_PUCCH is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for PUCCH transmission occasion   on active UL BWP   of carrier   of primary cell   and   is a SCS configuration defined in [4, TS 38.211]
	 

	PL
	90.1
	 is a downlink pathloss estimate in dB calculated by the UE using RS resource index   as described in clause 7.1.1 for the active DL BWP   of carrier   of the primary cell   as described in clause 12
Associated with SSBIndex
	ss-PBCH-BlockPower = 0
DL signal = -90.1

	F-PUCCH-f0
	0
	The parameter F-PUCCH-f0  is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for PUCCH format 3, and deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise Δ_"F_PUCCH"  (F)=0
	deltaF-PUCCH-f0 = 0
deltaF-PUCCH-f1 = 0
deltaF-PUCCH-f2 = 0

	TF
	0
	TF Parameter is a PUCCH transmission power adjustment component on active UL BWP   of carrier   of primary cell  
	 

	Gb,f,c
	0
	For the PUCCH power control adjustment state   for active UL BWP   of carrier   of primary cell   and PUCCH transmission occasion  
-   is a TPC command value included in a DCI format scheduling a PDSCH reception for active UL BWP   of carrier   of the primary cell   that the UE detects for PUCCH transmission occasion  , or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 38.212], as described in clause 11.3
	No TPC commands



Without considering parameter TF the expected PUCCH power level is around 16 dBm. Hence, it is a comfortable UL power level above minimum output power where testability issue is not expected for PUCCH detection at this power level.
For lower SNR conditions, lower DL power levels need to be configured but higher UL power level are expected as PL parameter in PPUCCH formula will be higher. Hence, there is not any expected UL power level across different SNR conditions that will be in testability issues range for UL power measurements. 
Observation 1: expected PUCCH power level is around 16 dBm for best SNR conditions where lowest UL power level is expected.

Now, it is needed to check UL target power of 16 dBm for PUCCH channel would not have testability issue, it is proposed to consider following parameters for testability evaluation:
· UE absolute power tolerance: Requirements from TS 38.521-2 clause 6.3.4.2 can be considered as absolute power tolerance test case is tested using open loop power control. Hence, based on expected UL power level of 16 dBm, it is needed to consider 12dB power tolerance as max allowed tolerance:
· Table 6.3.4.2.3-1: Absolute power tolerance
	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± 14.0 dB

	Pmax ≥ P > Pint
	± 12.0 dB



· Table 6.3.4.2.3-2: Intermediate power point
	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB



Thus, worse case for UL target power after absolute power tolerance (ULAFTER_POWER_TOLERANCE) is +4 dBm

· Measurement Uncertainty: It can be considered MU defined for minimum output power test case in TR 38.903 which would have worst case for RF power measurements and influence of noise of 1dB. Hence, MUMINIMUM_OUT_POWER = 6.15 dB and  5.15dB without noise impact (MUWITHOUT_NOISE).

· TE noise floor: it is agreed in previous RAN5 meeting that TE noise floor is -13.6dBm/100MHz for IFF system

· SNR requirement: 6 dB SNR to ensure accurate UL power measurements.
Hence, considering worse cases for UL target power and worse case for MU, UL measured value (ULPOWER_MEAS) could be -1.15dBm (ULAFTER_POWER_TOLERANCE - MUMINIMUM_OUT_POWER).
ULPOWER_MEAS is around 12 dB above TE noise floor which is greater than SNR requirement. Hence, it can be confirmed TE could measure UL power levels for RLM FR2 test cases using open loop power control.
Note: Testability evaluation done for 100 MHz Channel Bandwidth. 
Proposal 2: To keep using open loop power control for FR2 RLM test cases as expected PUCCH power levels are above If PUCCH power level with above conditions is higher than [minimum output power + tolerance], then TE could can ensure PUCCH can be decoded in FR2 conditions
On the other hand, current FR2 RLM test procedures specify SS needs to check against minimum output power and transmit OFF power levels:
5.5.1.1.4.2	Test Procedure
The test consists of two cells, a single E-UTRA cell (Pcell), and a single NR cell (PSCell). Prior to the start of the time duration T1, the UE shall be fully synchronized to PSCell. The UE shall be configured for periodic CQI reporting in PUCCH [format 1] with a reporting periodicity as mentioned in the above table 5.5.1.1.4.1-4.
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. 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.
3. 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.
4. 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.
5. If the SS:

a) detects uplink power equal to or higher than minimum output power defined in TS 38.521-2 [18] clause 6.3.1.5 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 higher than OFF power defined in TS 38.521-2 [18] clause 6.3.2.5 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.

As minimum output power and transmit OFF have testability issue but, expected UL power level based on above calculation is above these values, it is proposed to remove references to minimum output power level and transmit OFF and associate verdict to the ability of SS to detect uplink power.
New text proposal for FR2 out-of-synch test cases removing checking for minimum output power and transmit off is proposed as follows:
5.5.1.1.4.2	Test Procedure
The test consists of two cells, a single E-UTRA cell (Pcell), and a single NR cell (PSCell). Prior to the start of the time duration T1, the UE shall be fully synchronized to PSCell. The UE shall be configured for periodic CQI reporting in PUCCH [format 1] with a reporting periodicity as mentioned in the above table 5.5.1.1.4.1-4.
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. 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.
3. 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.
4. 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.
5. If the SS:

a) detects uplink power equal to or higher than minimum output power defined in TS 38.521-2 [18] clause 6.3.1.5 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 higher than OFF power defined in TS 38.521-2 [18] clause 6.3.2.5 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.
New text proposal for FR2in-synch test case removing checking for transmit off power level is proposed as follows:
5.5.1.2.4.2	Test procedure
Editor’s Note: Test procedure updates to ensure accurate FR2 test measurement state is TBD
The test consists of two cells, a single E-UTRA cell (Pcell), and a single NR cell (PSCell). Prior to the start of the time duration T1, the UE shall be fully synchronized to PSCell. The UE shall be configured for periodic CQI reporting in PUCCH [format 1] with a reporting periodicity as mentioned in the above table 5.5.1.2.4.1-4.
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. 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.
3. When T1 expires, the SS shall change the SNR value to T2 as specified in Table 5.5.1.2.5-1. T2 starts.
4. When T2 expires, the SS shall change the SNR value to T3 as specified in Table 5.5.1.2.5-1. T3 starts.
5. When T3 expires, the SS shall change the SNR value to T3 as specified in Table 5.5.1.2.5-1. T4 starts.
6. When T4 expires, the SS shall change the SNR value to T3 as specified in Table 5.5.1.2.5-1. T5 starts.
7. If the SS detects uplink power equal to or higher than [-50] dBm 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.
8. 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: To remove minimum output power and transmit off power levels checking from out-of-synch and in-synch test procedures in FR2 RLM test cases.
Proposal 4: To base verdict on SS ability to detect UL power level for FR2 RLM test cases
Conclusion
The following observations and conclusions were made in this contribution. 
Proposal 1: to evaluate PUCCH power level following [4] clause 7.2.1 and parameters: 6 PRBs for UL and DL SS-RSRP as -90.1 dBm/15kHz
Observation 1: expected PUCCH power level is around 16 dBm for best SNR conditions where lowest UL power level is expected.
Proposal 2: To keep using open loop power control as expected PUCCH power levels are aboveIf PUCCH power level with above conditions is higher than [minimum output power + tolerance], then TE could can ensure PUCCH can be decoded in FR2 conditions
Proposal 3: To remove minimum output power and transmit off power levels checking from out-of-synch and in-synch test procedures in FR2 RLM test cases.
Proposal 4: To base verdict on SS ability to detect UL power level for FR2 RLM test cases
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