

	
3GPP TSG RAN WG5#99	R5-232446
Incheon, South Korea, 22-26 May 2023
Agenda item:	5.3.20.6
Source: 	Nokia, Nokia Shanghai Bell 
Title: 	Discussion on sending/receiving test mode commands/acknowledgement in RRC INACTIVE state
Document for:	Discussion and Endorsement

[bookmark: _Ref463014664]1.	Introduction
To support 5GS conformance testing, UE special conformance test functions are required. The utilization of any UE special conformance test functions shall be considered as putting the UE in a test mode. The duration of the test mode depends on the UE special conformance test function and in most of the cases will be delimited by an activation and a deactivation command. The UE special conformance test functions including any relevant procedure and the Test Mode Control (TMC) message contents used for information exchange are defined in 3GPP TS 36.509 [4] (base version for LTE) and 38.509 [2] (extensions for NR). The UE special conformance test functions provide access to isolated functions of the UE via the radio interface without introducing new physical interfaces just for the reason of conformance testing. However, in certain cases the usage of AT Commands may be required which will require an external interface.
2.	Discussion
In RAN5 UE conformance testing, some common steps in a standard test procedure are that SS send certain test control commands to the UE in the downlink (e.g., Activate UE Test Loop, Close UE Test Loop, Open UE Test Loop, Deactivate UE Test Loop commands) and the UE sends acknowledgement message in the uplink (e.g., Activate UE Test Loop Complete, Close UE Test Loop Complete, Open UE Test Loop Complete, Deactivate UE Test Loop Complete). More details in Section 5 and Section 6 (particularly, Subsections 5.1-5.3 and 6.1-6.3) of TS 38.509. 
As per the current 3GPP TS 38.509, the downlink test control commands and the corresponding uplink response/acknowledgement messages are sent either as security protected NAS Layer 3 messages or by using AT commands when testing V2X/NR Sidelink out of coverage scenarios. According to TS 38.509 V17.3.0, the description of Activate UE Test Mode, Deactivate UE Test mode, Close UE Test Loop and Open UE Test Loop commands for 5GS is same as the corresponding description in subclause 5.3.2, 5.3.3, 5.4.2 and 5.4.5, respectively, of TS 36.509 [4] for E-UTRA and EPC with the following exceptions:
· where E-UTRA is mentioned the same applies for NR,
· where EPS bearers are mentioned the same applies for 5GS QoS flows, 
· where different UE test loop modes are mentioned only those applicable to 5GS should be considered (see subclause 5.3.4 for the applicable 5GS UE test loop modes).
Observation 1: Test control commands defined for E-UTRA and EPC in TS 36.509 are also applicable for 5GS with the exception that where E-UTRA and EPS bearers are mentioned the same applies for NR and 5GS QoS flows, respectively.
Observation 2: The initiation of Activate UE Test mode and Deactivate UE Test mode, as per TS 36.509, can only be done when the UE is in E-UTRA connected state (see clause 5.3.2.2 and 5.3.3.2 in TS 36.509) meaning, the same procedures will be applicable for 5GS when the UE is in NR Connected state (RRC Connected state).
Observation 3: As per TS 36.509, there is no explicit description about the UE state for initiating Close UE Test Loop and Open UE Test Loop procedures (see clause 5.3.2.2 and 5.3.3.2 in TS 36.509). However, the implicit understanding is that the UE needs to be in E-UTRA connected state for initiating these procedures. This further implies that the UE needs to be in RRC Connected state for initiating Close UE Test Loop and Open UE Test Loop procedures in 5GS.
At present, RAN4 and RAN5 are discussing the test procedure for testing Rel-17 SDT feature (RRM test case ‘TA validation for CG-SDT in FR2’) where there are 2 sub-tests (see Figure 1 for details of time-points):
· Subtest 1: Time point TA to TG where the correct UE behavior is to successfully perform MO-SDT (UL) at time point TG.
· Subtest 2: Time point TG to TK where the correct UE behavior is NOT to perform MO-SDT (UL) at time point TK.
For more details on TA validation for CG-SDT in FR2 RAN4 test case, see Section A.7.2.1 of 3GPP TS 38.133 V17.9.0. The corresponding RAN5 test procedure is given in Section 7.2.1 of 3GPP TS 38.533 and is also reproduced below. 
Current agreed RAN5 Test Procedure (Section 7.2.1 of 3GPP TS 38.533)
	Test Procedure: 
The test consists of a single cell (Cell 1), configured as PCell in FR2. The test consists of 5 successive time periods, with time duration of T1 to T5 respectively. Figure 2 shows the variation of the RSRP level in the active cell during the test.
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Figure 1: RSRP variation for TA validation for CG-SDT
Time-point TA is the starting point of the test. Prior to time point TA, the UE shall be fully synchronized and registered to PCell (Cell 1).
Time-point TB is T1 duration after TA, i.e., TB = TA + T1.
Time-point TC is the time when ‘UE Test Loop Mode B’ command (with ‘T_delay_modeB’ timer configured) and RRC Release message with CG-SDT configuration for ‘Subtest 1’ are received at the UE and is W1 duration after TB where W1 = max(480ms, 8*SMTC periodicity)), i.e., TC = TB + max(480ms, 8*SMTC periodicity)).
Time-point TD is W1 duration after TC or T2 duration after TB, i.e., TD = TC + max(480ms, 8*SMTC periodicity)) = TB + T2.
Time-point TE is T3 duration after TD, i.e., TE = TD + T3.
Time-point TF is the time when ‘T_delay_modeB’ timer expires which trigger UL data arrival at UE lower layer and is W2 duration after the time-point TE, i.e., TF = TC + T_delay_modeB = TE + W2 (In general, TE <= TF <= TE + max(480ms, 8*SMTC periodicity))).
Time-point TG is the time when UE transmits with CG-SDT.
Time-point TH is the time when second ‘UE Test Loop Mode B’ command (with ‘T_delay_modeB’ timer reconfigured) and second RRC Release message with CG-SDT configuration for ‘Subtest 2’ are received at the UE and is FFS in RAN4.
Time-point TI is T4 duration after TE and W1 duration after TH, i.e., TI = TE + T4 = TH + W1.
Time-point TJ is the time when ‘T_delay_modeB’ timer configured in second ‘UE Test Loop Mode B’ command expires which trigger UL data arrival at UE lower layer, i.e., TJ = TH + T_delay_modeB.
Time-point TK is the end point of the first iteration of the test and is T5 duration after TI, i.e., TK = TI + T5.
1. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release ON and Test Mode ON (Test Loop Mode B) according to TS 38.508-1 [14] clause 4.5.
2. Set the parameters according to Table 7.2.1.1.5-1 of TS 38.533. 
3. The test starts at time-point TA at which SS sets the transmit power to P0.
4. At time-point TB, the SS changes the power level from P0 to P1.
5. At time point TC, the SS sends CLOSE UE TEST LOOP message (having a non-zero value of T_delay_modeB timer) and RRCRelease message with CG-SDT configuration to the UE, and the UE enters RRC_INACTIVE state.
6. At time-point TD, the SS changes the power level from P1 to P0.
7. At time-point TE, the SS changes the power level from P0 to P2.
8. At time-point TF, the T_delay_modeB timer expires which trigger UL data arrival at UE lower layer. 
9. At time-point TG, the UE transmits with CG-SDT.
10. Check 1: If UE transmits with CG-SDT within 640ms + Z after TF, i.e., if TF <= TG <= 640 ms + Z, sub-test ‘1’ is passed. 
11. SS sends OPEN UE TEST LOOP message to UE.
12. UE sends OPEN UE TEST LOOP COMPLETE message to SS.
13. At time-point TH, the SS sends CLOSE UE TEST LOOP message (having a non-zero value of T_delay_modeB timer) and second RRCRelease message with CG-SDT configuration to UE, and the UE remains in RRC_INACTIVE state.
14. At time-point TI, the SS changes the power level from P2 to P3.
15. At time-point TJ, the T_delay_modeB timer expires which trigger UL data arrival at UE lower layer.
16. Check 2: If UE does not transmit with CG-SDT between TJ and TK, sub-test ‘2’ is passed.
17. SS sends OPEN UE TEST LOOP message to UE.
18. UE sends OPEN UE TEST LOOP COMPLETE message to SS.
19. Verdict: If both sub-tests ‘1’ and ‘2’ passed, test passes. If any of the sub-test fail, the test fails.
20. The test ends at time-point TK.



With reference to Figure 1, the following events/actions are expected in the test:
· On or before time point TC: UE receives Close UE test mode command (Step 5 of the test) in the RRC CONNECTED state. 
· At time point TC: UE receives RRC Release message after which it goes to RRC INACTIVE state and remains in the INACTIVE state for the rest of the test. 
· After time point TG: SS sends OPEN UE TEST LOOP command to the UE and then UE sends OPEN UE TEST LOOP COMPLETE message to the SS (Steps 11 and 12 of the test). Thereafter, SS sends CLOSE UE TEST LOOP command (Step 13 of the test) to the UE to configure another value for T_delay_modeB timer and then UE sends CLOSE UE TEST LOOP COMPLETE message to the SS.
· After time point TK: SS sends OPEN UE TEST LOOP command to the UE and then UE sends OPEN UE TEST LOOP COMPLETE message to the SS (Steps 17 and 18 of the test). Then, DEACTIVATE UE TEST LOOP command needs to be sent to the UE and UE needs to send DEACTIVATE UE TEST LOOP COMPLETE command to the SS. (at the end of the complete test)

The root challenge of RAN5 ‘TA validation for CG-SDT in FR2’ RRM test case is that the test is statistical in nature and the UE is configured two CG-SDT occasions in each iteration of the test where it needs to send the UL (loopback) data at the 1st CG-SDT occasion, and it should not send any UL (loopback) data at the 2nd CG-SDT occasion to pass the iteration. For active UE Test Mode B, the UL data can only be triggered at the UE lower layers after expiry of the timer T_delay_modeB (see clause 5.4.2.3, 5.4.4.2 and 5.4.4.3 of TS 36.509). This means that 2 instances of T_delay_modeB timer should be configured to trigger the UL data twice at the UE lower layers. As per TS 38.509/36.509, this can only be done by using Close UE Test Loop command twice (sequentially) which implies that between the 1st and 2nd Close UE Test Loop commands, test loop needs to be open by using Open UE Test Loop procedure.
This means that as per the current 3GPP specification, the UE must be brought back to the RRC CONNECTED state to send each test mode command to the UE. However, this will involve additional message exchanges between SS and the UE, which are unnecessary from the test point of view.
Observation 4: For RRC INACTIVE test case(s), bringing the UE back to RRC Connected state just for sending test control commands is not an optimal solution as it will increase the test time.
Observation 5: The other possible solution to send the test mode command(s) to a Rel-17 UE in RRC INACTIVE state is through subsequent SDT transmissionin MO-SDT as it doesn’t support MT-SDT (MT-SDT is a Rel-18 feature). 

However, it is not a reliable solution as it can’t be used if:
i. Initial SDT (UL here) is not performed. This can happen in the following two scenarios:
· UE implementation is incorrect meaning it doesn’t pass subtest1 and hence doesn’t send any UL data at time point TG,
· Or UE implementation is correct meaning it passes subtest2 and hence doesn’t send any UL data at time point TK.
ii. Or initial SDT is unsuccessful, and SS doesn’t send response back to the UE. Hence, no further downlink data/signalling message(s) will be sent by the SS to the UE.
iii. Or the Device under test (for future RRC INACTIVE test cases) supports RRC INACTIVE but doesn’t support SDT as SDT is an optional feature.

Observation 6: Sending the test control command(s) through subsequent SDT transmission in RRC INACTIVE state is not a reliable solution for the current and future RAN5 test cases in RRC INACTIVE state.
[bookmark: _Hlk134184991][bookmark: _Hlk134185021]Observation 7: Currently there is no reliable method through which these test control commands and the corresponding uplink acknowledgement messages can be sent to/from the UE in the RRC INACTIVE state to ensure the correct test mode control.
One possible solution to solve the above discussed problem of sending the test control messages, at least for RAN5 ‘TA validation for CG-SDT in FR2’ RRM test case, is to add more T_delay_modeB timers to the UE Test Mode B. One need to consider which multiple T_delay_modeB timers can be set simultaneously by the SS while sending the single Close UE Test Loop command in RRC Connected state. Upon reception of the Close UE Test Loop command having multiple T_delay_modeB timer values, UE will start multiple T_delay_modeB timers and wait for their expiry to push loopbacked data to lower layers. Thereafter, SS will send RRC Release command with Suspend Config to move the UE to RRC INACTIVE state. At the expiry of each of the configured T_delay_modeB timers, loopbacked data is pushed to the UE lower layers resulting in the initiation of multiple SDT procedures.
Based on the above discussion, we propose the following to RAN5.
Proposal 1: RAN5 to consider one of the following two possible options through which the test control command(s) can be sent reliably to the DUT in RRC INACTIVE state: 
Option 1: Send an LS to RAN2 asking the possible solutions to support test control command(s) in RRC INACTIVE state through new RRC signalling.
Option 2: RAN5 to add more than one timer to the UE test mode B, either repeating same IP data or even have more than one data package for SDT initiation.
3.	Conclusion
Based on the above discussion, we propose the following to RAN5.
Proposal: RAN5 to consider one of the following two possible options through which the test control command(s) can be sent reliably to the DUT in RRC INACTIVE state:
Option 1: Send an LS to RAN2 asking the possible solutions to support test control command(s) in RRC INACTIVE state through new RRC signalling.
Option 2: RAN5 to add more than one timer to the UE test mode B, either repeating same IP data or even have more than one data package for SDT initiation.
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