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Introduction
[bookmark: _Int_BEH5X9lr]This paper presents Nokia’s view on RRM performance requirements for SDT, specifically on the testing of SDT. 
0. [bookmark: _Int_cPVr5mvG]Topic #2: RRM test cases for NR SDT
In the WF from RAN4#104-e meeting [2], RAN4 reached the following agreements on the requirements for testing of SDT:

	[bookmark: _Int_CluOejtj]Issue 2-1: What should RAN4 do before the RAN5 reply LS arrives on test feasibility on defining RRM test cases for NR SDT?
· Proposals
· Option 1: Hold on the discussion until the reply LS arrives
· Option 2: Continue discussion on defining these RRM test cases by assuming positive feedback from RAN5
· Others: please elaborate
· Recommended WF
· TBA
Agreement:
· Continue discussion on defining these RRM test cases by assuming positive feedback from RAN5

[bookmark: _Int_Fe42kCPM]Issue 2-2-1: In addition to the LS to RAN5 on the test feasibility, should RAN4 consider when to transmit UL after data arrival if defining RRM test cases for CG-SDT?
· Proposals
· Option 1: Yes
· [bookmark: _Int_DLhFRYfn]Option 2: No, leave it up to UE implementation
· [bookmark: _Int_mZ5VHxxX]Option 3 (new): SDT transmission timing should be controllable be TE
· Leave for RAN5 discussion on how to implement interface
· RAN4 assumes that TE knows when the UE will attempt to transmit SDT
· Recommended WF
· TBA
Agreement:
· Do not consider when to transmit UL after data arrival in RRM test cases for CG-SDT, but further discuss how to control testing time in the second round.

Issue 2-2-2: If RAN4 agrees to define RRM test cases for CG-SDT with the positive feedback from RAN5, what should be covered in test cases? 
· Proposals
· Option 1: both cases where UE shall or shall not transmit with CG-SDT
· Option 2: Base test cases for SDT on path through the decision tree and adding parameter variation Option 3: Test cases for SDT should cover all decision points in the SDT decision tree
· Others: please elaborate
· Recommended WF
· TBA
Agreement:
· Tests should cover the case where UE shall transmit with CG-SDT,
· FFS: the test cases where UE shall not transmit with CG-SDT in Issue 2-2-4.

New issue 2-2-3: How to control testing time if RAN4 does not consider when to transmit UL after data arrival in the RRM test cases for CG-SDT?

Agreement:
· Close the issue and leave it to RAN5

New issue 2-2-4: Should tests cover the case where UE shall not transmit with CG-SDT?

Agreement:
· The case where UE shall not transmit with CG-SDT should be covered
· [bookmark: _Int_qr4LS0BF]combine TC1 +TC3 into one new TC, and TC2+TC4 into another new TC
· [bookmark: _Int_ZBfBdouT]FFS on detailed setup addressing concerns on UL data triggering, RSRP2, and forced TA validation

Issue 2-3-1: If RAN4 agrees to define RRM test cases for CG-SDT with the positive feedback from RAN5, what could be the test procedures? 
· Proposals
· Option 1: Five steps as proposed in R4-2211615
· (1) Measure reference RSRP1 
· [bookmark: _Int_PUWaYqgC](2) Increasing or decreasing RSRP from RSRP1
· [bookmark: _Int_N6xRlYX7](3) Application trigger UL data during RRC INACTIVE state.
· (4) RSRP2 should meet or not meet the RSRP threshold at TA validation time point.
· [bookmark: _Int_UrSGTqSf](5) Transmit PUSCH or not transmit PUSCH on CG-SDT occasion.
· Others: please elaborate
· Recommended WF
· TBA
Agreement:
· Option 1

Issue 2-3-2: If RAN4 agrees to define RRM test cases for CG-SDT with the positive feedback from RAN5, should these test cases be considered? 
· Proposals
· [bookmark: _Int_PqrfCYyw]Option 1: four TCs as proposed in R4-2213560
· [bookmark: _Int_RP1SoObq]TC1: Test case for CG-SDT in FR1 with invalid TA
· [bookmark: _Int_39Rq91bu]TC2: Test case for CG-SDT in FR2 with invalid TA
· TC3: Test case for CG-SDT in FR1 with valid TA
· TC4: Test case for CG-SDT in FR2 with valid TA
· Option 1a: TA test case where TE configure two CG-SDT configurations. UE transmit CG-SDT with valid TA verification at first CG-SDT occasion and then not transmit CG-SDT with invalid TA verification at second CG-SDT occasion in a single iteration by changing RSRP level from TE.
· Option 2:  TA test cases if UE measures RSRP1/RSRP2 outside the specified windows, the test should fail
· Option 3: TA test cases if TA validation condition (i.e., Condition A or Condition B) is met, UE should pass the test when transmitting CG-SDT 
· Condition A with |Pin1 – Pout2| > cg-SDT-ChangeThreshold and |Pout1 – Pin2| ≤ cg-SDT-ChangeThreshold where the UE passes the test if CG-SDT is transmitted
· Condition B with |Pin1 – Pout2| < cg-SDT-ChangeThreshold |Pin1 – Pout2|< cg-SDT-ChangeThreshold where the UE passes the test if CG-SDT is transmitted
· [bookmark: _Int_0tRauPGS]Where 
· Pin1 is the transmitted power at the test equipment while the UE is in RRC connected mode inside the RSRP1 measurement window
· Pin2 is the transmitted power at the test equipment while the UE is in RRC inactive mode inside the RSRP2 measurement window
· Pout1 is the transmitted power at the test equipment while the UE is in RRC connected mode prior to the RSRP1 measurement window
· Pout2 is the transmitted power at the test equipment while the UE is in RRC inactive mode just after the RSRP1 measurement window
· Pout3 is the transmitted power at the test equipment while the UE is in RRC inactive mode prior to the RSRP2 measurement window

· Option 4: TA test cases where TE can trigger CG-SDT for UE in RRC_INACTIVE at certain CG-SDT occasions
· [bookmark: _Int_A3FQqrSJ]Option 5: TA test cases to verify the validity of TAT timer 
· Option 6: TA test cases where tests should fail if TAT timer has expired
· Others: please elaborate
· Recommended WF
· TBA
Agreement:
· Start to work on the four TCs, and consider all other options if possible

Issue 2-3-3: Test case behaviour in case TA validation does not pass 
· In test cases where TA validation is not supposed to pass, discuss among the options in:
· Option 1: RA-SDT is not configured in CG-SDT test cases
· Option 2: RA-SDT is configured in CG-SDT test cases, and the UE may transmit data using RA-SDT resources if it supports that feature
· Recommended WF
· TBA

Agreement:
Option 1


Discussion
[bookmark: _Int_2F29vBhk]According to the agreement on Issue 2-1 in [2] and from the Reply-LS from RAN5 [3], RAN5 has agreed to use ‘UE Test Loop Function operating in UE test loop mode B’ from [5] with configured ‘T_delay_modeB’ timer for the testing of ‘UE initiated SDT in RRC_INACTIVE state’, and hence the RRM test cases for SDT in RRC_INACTIVE mode should be feasible to be defined by RAN4. 
It is worth noting that the ‘UE test loop mode B’ only supports one instance of the T_delay_modeB timer. Therefore, only one CG-SDT procedure can be tested between received UL data. Furthermore, ‘T_delay_modeB’ timer is currently defined with a granularity of seconds, see [5], section 6.1.
As RAN5 agreed to use ‘UE test loop mode B’ function with configured ‘T_delay_modeB’ timer for the testing of ‘MO-SDT in RRC_INACTIVE state’, the RRM test cases for SDT should be defined by RAN4.
As ‘UE test loop mode B’ only supports one instance of the T_delay_modeB timer, only one CG-SDT procedure can be tested between received UL data.
T_delay_modeB is currently defined with a granularity of seconds.
CG-SDT resources can be configured to be repeated quite frequently and be close together. An example of such a CG-SDT resource pattern is shown in Figure 1.


[bookmark: _Ref115029155]Figure 1: Example of CG-SDT resource pattern.
As can be seen, there are multiple possible CG-SDT occasions after the data arrives at lower layers for potential SDT transmission. Considering T_delay_modeB, it will most likely be started shortly before T1. With CG-SDT occasions as illustrated in Figure 1, it will be impossible to control which of the CG-SDT occasions the UE will choose. Also, the value of T_delay_modeB should be selected to time out after the RSRP1 measurement window for TA validation testing and not time out too close to T2, not allowing sufficient time for the RSRP2 and Z time windows before the CG-SDT resource.
If multiple CG-SDT occasions are configured during a CG-SDT test run, it would not be possible to determine which SDT occasion would be chose by the UE. 
Only have one CG-SDT occasion configured per test iteration, per SDT transmission.
Select the CG-SDT occasion and T_delay_modeB so that the CG-SDT occasion allows a RSRP2 and Z window after T_delay_modeB timer expiry.
The agreements in [2] require that that RRM test cases should cover the scenario where the UE shall/shall not transmit with CG-SDT. It is important to note that RA-SDT is not configured in CG-SDT test cases [2]. Therefore, for CG-SDT test cases, focus should be on the verification of TA validation, which is discussed in the following subsection.
Verification of TA Validation 
The absolute overall goal of TA validation testing must be:
1. Testing that the UE measures RSRP values for TA validation within the specified windows, see [8], section 5.5.3.
2. Testing the TA validation based on RSRP value comparison according to [9], section 5.27.2 and [8], section 5.5.3.
Testing TA validation must include both testing RSRP measurements are performed within the specified time windows of TS 38.133 and that the value comparison of RSRP measurements for TA validation is valid.
[bookmark: _Int_uMtQj5Pe]Considering the SDT decision tree of Figure 2 (Originally, Figure 3 of [4]), the test of TA validation in CG-SDT selection step requires/assumes that all the following five conditions are true.
Condition 1: Data Volume  SDT Data Volume threshold
Condition 2: RSRP  SDT RSRP threshold
[bookmark: _Int_gRQrVch0]Condition 3: CG resources are configured
Condition 4: CG resources are available
Condition 5: TA timer is not expired
[bookmark: _Int_G64rqbvB]Following this, if the RSRP change is within the threshold, i.e., TA validation is verified, then we have a valid SSB for the SDT testing and CG-SDT is allowed. However, if TA validation fails, SDT tree checks for RA-SDT which is not configured in CG-SDT test cases. Therefore, for failed TA validation scenarios, CG-SDT is not allowed (please see Observation 2 and Proposal 1), and the UE needs to perform the non-SDT procedure by transitioning to RRC_CONNECTED state. 
The path through the SDT decision tree representing the test case with valid TA and allowed CG-SDT is shown in Figure 3 whereas the path for the test case with invalid TA and forbidden CG-SDT is shown in Figure 4.
[bookmark: _Int_PbAALTAw]The test of TA validation in CG-SDT requires/assumes that all the following five conditions are true:
Condition 1: Data Volume  SDT Data Volume threshold
Condition 2: RSRP  SDT RSRP threshold
Condition 3: CG resources are configured
Condition 4: CG resources are available
Condition 5: TA timer is not expired
If the RSRP change is within the threshold, i.e., TA validation is verified, then we have a valid SSB for the SDT testing and CG-SDT is allowed.
For CG-SDT test cases, RA-SDT is not configured.
For failed TA validation scenarios, CG-SDT is not allowed (please see Observation 2 and Proposal 1), and the UE should perform the non-SDT procedure by transitioning to RRC_CONNECTED state.
Each of the two paths through the SDT decision tree can have multiple tests due to parameter variation.
Testing of TA validation for CG-SDT transmission in RRC_INACTIVE state with RA_SDT not configured should only cover the following two cases:
Case I: Valid TA resulting in CG-SDT transmission.
Case II: Invalid TA resulting in non-SDT transmission.

[bookmark: _Ref106774278]
Figure 2: TA validation decision point in the SDT decision tree (given by a red ellipse).
 



Figure 3: Test case with valid TA and allowed CG-SDT (Path shown by red color).




Figure 4: Test case with invalid TA and forbidden CG-SDT (Path shown by red color).

According to the TA validation requirements given in Section 5.5.3 of [7], the CG-SDT transmission by the UE is allowed if the RSRP1 and RSRP2 measurements used in the TA validation are valid as per the conditions given in Table 5.5.3-1 and Table 5.5.3-2 of [7]. Moreover, the agreement on Issue 2-3-1 of [2] recommends the following five-step test procedure.
Step 1: Measure reference RSRP1.
	Step 2: Increasing or decreasing RSRP from RSRP1.
	Step 3: Application trigger UL data during RRC INACTIVE state.
	Step 4: RSRP2 should meet or not meet the RSRP threshold at TA validation time point.
	Step 5: Transmit PUSCH or not transmit PUSCH on CG-SDT occasion.
[bookmark: _Int_fNZ0cfOw]It is worth noting that the above method only measures RSRP1 and does not test its validity. Therefore, with the above method, it will always be assumed that the RSRP1 measurement is valid, and the test will only check the validity of the RSRP2 measurement. This will provide incorrect test result for the cases where the RSRP1 measurement is invalid. Hence, it is important to test the validity of RSRP1 measurement by checking whether the device is measuring outside (both before and after) the correct RSRP1 measurement window or not.
The test procedure agreed in Issue 2-3-1 of latest WF (R4-2214341) does not test the validity of RSRP1 and RSRP2 measurement. Hence, the coverage of the test is expected to be insufficient in cases where the RSRP1 and/or RSRP2 measurement is invalid.
Define CG-SDT test cases which test the validity of both RSRP1 and RSRP2 measurements by checking whether the measurements are taken outside (both before and after) the correct measurement window or not.
For testing the validity of RSRP1 and RSRP2 propose to define the following different power levels , which are explained below.
· : It is the transmit power at the test equipment inside the RSRP1 measurement window
· : It is the transmit power at the test equipment while the UE is in RRC inactive mode inside the RSRP2 measurement window
· : It is the transmit power at the test equipment prior to the RSRP1 measurement window
· : It is the transmit power at the test equipment after the RSRP1 measurement window
· : It is the transmitted power at the test equipment while the UE is in RRC inactive mode prior to the RSRP2 measurement window



[bookmark: _Int_7uV8rQiR]Figure 5: Examples of varying RSRP values to test TA validation for CG-SDT. The green, blue, red, and yellow lines represent one test run of TA validation, where the green line represents a run where TA validation must fail and the rest where TA validation must pass.
The purpose of these five power levels is to create different scenarios to test whether the device is taking the measurements in the correct measurement windows or not. The test cases should be defined in such a way that if the measurements are taken outside the correct measurement windows, then the test must fail. Considering the TA validation mechanism, the following potential error cases regarding the RSRP measurements are expected which would lead the UE to take wrong TA validation decisions:
· Error case 1: UE measures RSRP1 outside the first measurement window
· Error case 2: UE measures RSRP2 outside the second measurement window
· Error case 3: Combination of case 1 and case 2
The test cases should be defined in such a way that if the UE measurements are taken outside the correct measurement windows, then the test must fail.
Define TA validation test cases such that if the UE measures RSRP outside the measurement window, the tests will fail.
Define test case where the test procedure is configured with the appropriate values of the power levels  and .

When varying the RSRP values during the test, the variation shall happen at the edge of the control points of the TA validation procedure, i.e., the start of the RSRP1 measurement window, the end of RSRP1 measurement window, the start of the RSRP2 measurement window and at the CG SDT resource time.
When varying the RSRP values outside the SDT RSRP windows, the values set are not to trigger any reselection/selection procedures.
[bookmark: _Int_qAzQWInx]The time between the RSRP1 and RSRP2 measurement windows can be very long depending upon when the data for CG-SDT arrives. Therefore, we should be able to define the power just after the RSRP1 window separately from the time just before the RSRP2 window. Hence, different power levels at and  are possible.
As the time between the RSRP1 and RSRP2 measurement windows can be very long, different power levels at  and  are possible.

If the UE measures RSRP1/RSRP2 or both in the incorrect measurement window, it is possible to identify that window by appropriately setting the values of  and . This testing feature can help in debugging. 
By designing a test with appropriate values of  and , it is possible to identify the window(s) where the UE is taking the invalid RSRP measurement(s).
We can verify if the UE is using the correct RSRP1 and/or RSRP2 measurement windows with the following conditions:
· Condition A: The TA validation condition is satisfied, i.e., the TE transmit power is such that  ≤ cg-SDT-ChangeThreshold, and CG-SDT is allowed. Two examples of such tests are shown in Figure 6 and Figure 7. Condition A checks whether the UE has measured outside the RSRP1 window or not.
· Other sub-conditions can be used such that erroneous measurements would result in wrong TA validation decision, such as  cg-SDT-ChangeThreshold and/or  cg-SDT-ChangeThreshold.


[bookmark: _Ref107581381]Figure 6: Example of Condition A test by control of Pout1.


[bookmark: _Ref107581388]Figure 7: Example of Condition A test by control of Pout2.

In Figure 6 and Figure 7, Condition A is satisfied and even though the power outside RSRP windows  and  may be changed, the TA validation criteria is met, and the UE may transmit on the CG SDT occasion if it measures the RSRP 1 and 2 within the correct windows.
· Condition B: The TA validation condition is not satisfied, i.e., the TE transmit power in the RSRP2 window,  , is such that  > cg-SDT-ChangeThreshold, and CG-SDT is NOT allowed. However, ,  and  are chosen such that if RSRP1 is measured outside of the window, the TA validation condition would be satisfied, i.e.,  ≤ cg-SDT-ChangeThreshold or  ≤ cg-SDT-ChangeThreshold. This step is used to verify if the UE measured RSRP1 outside the measurement window.
· [bookmark: _Int_4Vo0Oa5B]Condition C: The TA validation condition is not satisfied and, i.e., the SS transmit power in the RSRP2 window, , is such that  > cg-SDT-ChangeThreshold, and CG-SDT is NOT allowed. Additionally, the TE transmit power outside the RSRP2 window is chosen such that  ≤ cg-SDT-ChangeThreshold. This condition is used to verify if the UE has measured RSRP2 outside the measurement window. 



[bookmark: _Ref107581430]Figure 8: Example of Condition B test by control of POut1, Pout2 and Pin2.
Figure 8 shows one example where Condition B is tested, and the UE is not allowed to transmit on the CG-SDT occasion. In this condition if the UE uses a measurement outside the RSRP1 measurement window, it could erroneously pass the TA validation criteria and send on the CG-SDT occasion. 


[bookmark: _Ref110669910]Figure 9: Example of Condition C test by control of Pin2.
Figure 9 shows one example where condition C is tested, and the UE is not allowed to transmit on the CG-SDT occasion. This situation differs from Condition B in Figure 8, because in this case the RSRP value measured around the RSRP2 window is same as the RSRP1 value measured inside the RSRP1 window. Therefore, if the UE uses an old measurement for the RSRP1 measurement it could erroneously pass the TA validation criteria.
 TE power can be controlled in different time instants to identify if RSRP measurements are performed within the specified measurement windows. 
Considering valid TA (Condition A), design the test such that each test run will have multiple iterations, and the parameters in each iteration are set so that   cg-SDT-ChangeThreshold (only one out of the above three conditions is met). 
Considering valid TA (Condition A), if the UE’s both RSRP1 and RSRP2 measurements are taken outside the correct windows as specified in TS 38.133, the values of  must be selected for testing Condition A such that 
a.  cg-SDT-ChangeThreshold
b.  cg-SDT-ChangeThreshold
else, the test will give pass result which would be incorrect.  
In the RRC_INACTIVE mode, UE would normally perform RSRP measurements in connection with Paging Occasion, i.e., every DRX cycle. Therefore, we believe that the time-lengths of Pout2 and Pout3 periods should at least be 2*TDRX periods.
 As the UE in RRC_INACTIVE state measures RSRP once in every DRX cycle, the time-lengths of the  windows can be defined as follows: 
, , and 
where, ,  and  are the time-lengths of  windows, respectively.

An example proposal for power levels for the test of valid CG-SDT could look like this:
Table 1: Test iterations for testing FR1 CG-SDT with TA valid. P0 is a power level well above the noise floor. X is the cg-SDT-ChangeThreshold, Y is a small offset of few dB.
	Iteration #
	Pout1
	Pin1
	Pout2
	Pout3
	Pin2
	Fails criteria
	Pass criteria

	1
	P0
	P0
	P0
	P0
	P0
	CG-SDT procedure fails generically in device
	CG-SDT basic operation works

	2
	P0+X+Y
	P0
	P0
	P0
	P0
	If RSRP1 is measured in Pout1 period
	RSRP1 is measured withing the RSRP1 window

	3
	 P0

	P0

	P0 +X+Y
	P0
	P0
	If RSRP1 is measured in Pout2 period
	RSRP1 is measured withing the RSRP1 window

	4
	 P0

	P0

	P0

	P0+X+Y
	P0

	If RSRP2 is measured in Pout3 period
	RSRP2 is measured withing the RSRP2 window

	5
	 P0

	P0+X
	P0

	P0
	P0
	If RSRP1 and/or RSRP2 measurements are not accurate
	Tests boundaries of measurements towards threshold

	6
	 P0

	P0-X
	P0

	P0
	P0
	If RSRP1 and/or RSRP2 measurements are not accurate
	Tests boundaries of measurements towards threshold

	7
	 P0

	P0
	P0

	P0
	P0+X
	If RSRP1 and/or RSRP2 measurements are not accurate
	Tests boundaries of measurements towards threshold

	8
	 P0

	P0

	P0

	P0
	P0-X
	If RSRP1 and/or RSRP2 measurements are not accurate
	Tests boundaries of measurements towards threshold

	9
	P0-X-Y
	P0

	P0-X-Y
	P0-X-Y
	P0+X
	Measurements outside windows
	Tests boundaries of measurements towards threshold

	10
	P0+X+Y

	P0

	P0+X+Y
	P0+X+Y
	P0-X
	Measurements outside windows
	Tests boundaries of measurements towards threshold

	11
	P0-X-Y
	P0+X
	P0-X-Y
	P0-X-Y
	P0

	Measurements outside windows
	Tests boundaries of measurements towards threshold

	12
	P0+X+Y
	P0-X
	P0+X+Y
	P0+X+Y
	P0

	Measurements outside windows
	Tests boundaries of measurements towards threshold



Of course, values of X and Y can be changed as well in the above test and the timing of T_delay_modeB and CG-SDT resource time. If so, the above can be repeated with different levels of those parameters.
Each test case should have multiple iterations with parameter variation and at least vary Pin1, Pin2, Pout1, Pout2, Pout3, SDT-ChangeThreshold and T_delay_modeB/CG-SDT resource time.

Timing requirements
During the development of the SDT core requirements, we have also determined UL timing accuracy requirements. Currently there are verification of UL timing accuracy only for RRC connected mode. However the situation is not different with CG-SDT transmissions on RRC inactive. Therefore, we understand that it is important to determing UL timing accuracy performance requirements for CG-SDT: 

Define test cases for verification of UL Transmit timing in RRC inactive for SDT operation. 



Conclusion
This paper has presented Nokia’s view on RRM performance requirements for SDT. As part of this discussion, we have reached the following observations and proposals:
1. As RAN5 agreed to use ‘UE test loop mode B’ function with configured ‘T_delay_modeB’ timer for the testing of ‘MO-SDT in RRC_INACTIVE state’, the RRM test cases for SDT should be defined by RAN4.
As ‘UE test loop mode B’ only supports one instance of the T_delay_modeB timer, only one CG-SDT procedure can be tested between received UL data.
T_delay_modeB is currently defined with a granularity of seconds.
If multiple CG-SDT occasions are configured during a CG-SDT test run, it would not be possible to determine which SDT occasion would be chose by the UE. 
1. Only have one CG-SDT occasion configured per test iteration, per SDT transmission.
Select the CG-SDT occasion and T_delay_modeB so that the CG-SDT occasion allows a RSRP2 and Z window after T_delay_modeB timer expiry.
Testing TA validation must include both testing RSRP measurements are performed within the specified time windows of TS 38.133 and that the value comparison of RSRP measurements for TA validation is valid.
The test of TA validation in CG-SDT requires/assumes that all the following five conditions are true:
Condition 1: Data Volume  SDT Data Volume threshold
Condition 2: RSRP  SDT RSRP threshold
Condition 3: CG resources are configured
Condition 4: CG resources are available
Condition 5: TA timer is not expired
If the RSRP change is within the threshold, i.e., TA validation is verified, then we have a valid SSB for the SDT testing and CG-SDT is allowed.
For CG-SDT test cases, RA-SDT is not configured.
For failed TA validation scenarios, CG-SDT is not allowed (please see Observation 2 and Proposal 1), and the UE should perform the non-SDT procedure by transitioning to RRC_CONNECTED state.
Each of the two paths through the SDT decision tree can have multiple tests due to parameter variation.
Testing of TA validation for CG-SDT transmission in RRC_INACTIVE state with RA_SDT not configured should only cover the following two cases:
Case I: Valid TA resulting in CG-SDT transmission.
Case II: Invalid TA resulting in non-SDT transmission.
The test procedure agreed in Issue 2-3-1 of latest WF (R4-2214341) does not test the validity of RSRP1 and RSRP2 measurement. Hence, the coverage of the test is expected to be insufficient in cases where the RSRP1 and/or RSRP2 measurement is invalid.
Define CG-SDT test cases which test the validity of both RSRP1 and RSRP2 measurements by checking whether the measurements are taken outside (both before and after) the correct measurement window or not.
For testing the validity of RSRP1 and RSRP2 propose to define the following different power levels , which are explained below.
· : It is the transmit power at the test equipment inside the RSRP1 measurement window
· : It is the transmit power at the test equipment while the UE is in RRC inactive mode inside the RSRP2 measurement window
· : It is the transmit power at the test equipment prior to the RSRP1 measurement window
· : It is the transmit power at the test equipment after the RSRP1 measurement window
· : It is the transmitted power at the test equipment while the UE is in RRC inactive mode prior to the RSRP2 measurement window
The test cases should be defined in such a way that if the UE measurements are taken outside the correct measurement windows, then the test must fail.
Define TA validation test cases such that if the UE measures RSRP outside the measurement window, the tests will fail.
Define test case where the test procedure is configured with the appropriate values of the power levels  and .
As the time between the RSRP1 and RSRP2 measurement windows can be very long, different power levels at  and  are possible.

By designing a test with appropriate values of  and , it is possible to identify the window(s) where the UE is taking the invalid RSRP measurement(s).
TE power can be controlled in different time instants to identify if RSRP measurements are performed within the specified measurement windows. 
Considering valid TA (Condition A), design the test such that each test run will have multiple iterations, and the parameters in each iteration are set so that   cg-SDT-ChangeThreshold (only one out of the above three conditions is met). 
Considering valid TA (Condition A), if the UE’s both RSRP1 and RSRP2 measurements are taken outside the correct windows as specified in TS 38.133, the values of  must be selected for testing Condition A such that 
a.  cg-SDT-ChangeThreshold
b.  cg-SDT-ChangeThreshold
else, the test will give pass result which would be incorrect.  
 As the UE in RRC_INACTIVE state measures RSRP once in every DRX cycle, the time-lengths of the  windows can be defined as follows: 
, , and 
where, ,  and  are the time-lengths of  windows, respectively.
Each test case should have multiple iterations with parameter variation and at least vary Pin1, Pin2, Pout1, Pout2, Pout3, SDT-ChangeThreshold and T_delay_modeB/CG-SDT resource time.
Define test cases for verification of UL Transmit timing in RRC inactive for SDT operation. 
References
[1] [bookmark: _Ref74131708][bookmark: _Ref53929813][bookmark: _Ref70411061][bookmark: _Hlk46851752][bookmark: _Ref46833244][bookmark: _Ref46865894]RP-222364, Updated Work Item on NR small data transmissions in INACTIVE state
[2] [bookmark: _Ref89690750]R4-2214341, Way Forward on RRM requirements and test cases for NR-SDT, ZTE Corporation
[3] [bookmark: _Int_qItovDfq][bookmark: _Int_t6SiWwMY]R5-225279, Reply LS on the feasibility of testing UE initiated SDT data transmission in RRC_INACTIVE, TSG RAN WG5
[4] R4-2212685, Discussion on performance requirements for SDT, Nokia, Nokia Shanghai Bell
[5] [bookmark: _Ref115244203]TS 38.509, 
[6] TS 38.306, 
[7] TS 38.331, 
[8] [bookmark: _Ref115244995]TS 38.133, 
[9] [bookmark: _Ref115245701]TS 38.321, 
image1.emf
Data for SDT 

arrives at layer 2.

CG SDT 

ressource 

time

TA 

validation 

time in the 

UE, T2

Timing advance 

command arrival, 

T1, or RRC 

release

RSRP

1

 

measurement 

time, T1´

RSRP

2

 

measurement 

time, T2´

Timeline

CG SDT occassions

RSRP

1

 measurement window RSRP

2

 measurement window

Z

RRC connected mode RRC inactive mode


Microsoft_Visio_Drawing.vsdx
Data for SDT arrives at layer 2.
CG SDT ressource time
TA validation time in the UE, T2
Timing advance command arrival, T1, or RRC release
RSRP1 measurement time, T1´
RSRP2 measurement time, T2´
Timeline
CG SDT occassions
RSRP1 measurement window
RSRP2 measurement window
Z
RRC connected mode
RRC inactive mode



image2.emf
RA-SDT type selection step

CG-SDT selection step

SDT selection step

UL data on 

SDT DRB͛s

Start

Data voume ч�

SDT data volume 

threshold?

RSRP ш�SDT RSRP 

threshold?

CG resources 

configured?

CG ressource available 

AND TA timer not expired 

AND RSRP change within 

threshold?

Any SSB above 

SS-RSRP 

threshold?

Perform CG-SDT 

procedure

2 step RA-SDT 

resources 

available?

RSRP > SDT 

msgA RSRP 

threshold?

4 step RA-SDT 

resources 

available?

Perform 2-RA-SDT 

procedure

Perform 4-RA-SDT 

procedure

Yes

Yes

Yes Yes Yes

No

No No

Yes

No

No

Yes

Perform non-SDT 

procedure

No

yes

End

End

End

End


Microsoft_Visio_Drawing1.vsdx
RA-SDT type selection step
CG-SDT selection step
SDT selection step
UL data on SDT DRB’s
Start
Data voume ≤ SDT data volume threshold?
RSRP ≥ SDT RSRP threshold?
CG resources configured?
CG ressource available AND TA timer not expired AND RSRP change within threshold?
Any SSB above SS-RSRP threshold?
Perform CG-SDT procedure
2 step RA-SDT resources available?
RSRP > SDT msgA RSRP threshold?
4 step RA-SDT resources available?
Perform 2-RA-SDT procedure
Perform 4-RA-SDT procedure
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
No
No
Yes
Perform non-SDT procedure
No
yes
End

End

End

End




image3.emf
RA-SDT type selection step

CG-SDT selection step

SDT selection step

UL data on 

SDT DRB͛s

Start

Data voume ч�

SDT data volume 

threshold?

RSRP ш�SDT RSRP 

threshold?

CG resources 

configured?

CG ressource available 

AND TA timer not expired 

AND RSRP change within 

threshold?

Any SSB above 

SS-RSRP 

threshold?

Perform CG-SDT 

procedure

2 step RA-SDT 

resources 

available?

RSRP > SDT 

msgA RSRP 

threshold?

4 step RA-SDT 

resources 

available?

Perform 2-RA-SDT 

procedure

Perform 4-RA-SDT 

procedure

Yes

Yes

Yes Yes Yes

No

No No

Yes

No

No

Yes

Perform non-SDT 

procedure

No

yes

End

End

End

End


Microsoft_Visio_Drawing2.vsdx
RA-SDT type selection step
CG-SDT selection step
SDT selection step
UL data on SDT DRB’s
Start
Data voume ≤ SDT data volume threshold?
RSRP ≥ SDT RSRP threshold?
CG resources configured?
CG ressource available AND TA timer not expired AND RSRP change within threshold?
Any SSB above SS-RSRP threshold?
Perform CG-SDT procedure
2 step RA-SDT resources available?
RSRP > SDT msgA RSRP threshold?
4 step RA-SDT resources available?
Perform 2-RA-SDT procedure
Perform 4-RA-SDT procedure
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
No
No
Yes
Perform non-SDT procedure
No
yes
End

End

End

End




image4.emf
RA-SDT type selection step

CG-SDT selection step

SDT selection step

UL data on 

SDT DRB͛s

Start

Data voume ч�

SDT data volume 

threshold?

RSRP ш�SDT RSRP 

threshold?

CG resources 

configured?

CG ressource available 

AND TA timer not expired 

AND RSRP change within 

threshold?

Any SSB above 

SS-RSRP 

threshold?

Perform CG-SDT 

procedure

2 step RA-SDT 

resources 

available?

RSRP > SDT 

msgA RSRP 

threshold?

4 step RA-SDT 

resources 

available?

Perform 2-RA-SDT 

procedure

Perform 4-RA-SDT 

procedure

Yes

Yes

Yes Yes Yes

No

No No

Yes

No

No

Yes

Perform non-SDT 

procedure

No

yes

End

End

End

End


Microsoft_Visio_Drawing3.vsdx
RA-SDT type selection step
CG-SDT selection step
SDT selection step
UL data on SDT DRB’s
Start
Data voume ≤ SDT data volume threshold?
RSRP ≥ SDT RSRP threshold?
CG resources configured?
CG ressource available AND TA timer not expired AND RSRP change within threshold?
Any SSB above SS-RSRP threshold?
Perform CG-SDT procedure
2 step RA-SDT resources available?
RSRP > SDT msgA RSRP threshold?
4 step RA-SDT resources available?
Perform 2-RA-SDT procedure
Perform 4-RA-SDT procedure
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
No
No
Yes
Perform non-SDT procedure
No
yes
End

End

End

End




image5.emf
P

out2

P

out1

P

out3

P

in2

P

in1

CG SDT 

ressource time

RRC release time/

Timing advance 

reference, T1

RSRP

1

 measurement 

time, T1´

RSRP

2

 measurement 

time, T2´

Timeline

RSRP

TA validation time 

in the UE, T2

cg-SDT-

ChangeThreshold

Z

Data for SDT 

arrives at layer 2.

RSRP

1

 measurement window

RSRP

2

 measurement window

TE transmitted power


Microsoft_Visio_Drawing4.vsdx
Pout2
Pout1
Pout3
Pin2
Pin1
CG SDT ressource time
RRC release time/Timing advance reference, T1
RSRP1 measurement time, T1´
RSRP2 measurement time, T2´
Timeline
RSRP
TA validation time in the UE, T2
cg-SDT-ChangeThreshold
Z
Data for SDT arrives at layer 2.
RSRP1 measurement window
RSRP2 measurement window
TE transmitted power



image6.emf
P

out2

P

out1

P

out3

P

in2

P

in1

CG SDT 

ressource time

RRC release time/

Timing advance 

reference, T1

RSRP

1

 measurement 

time, T1´

RSRP

2

 measurement 

time, T2´

Timeline

RSRP

TA validation time 

in the UE, T2

cg-SDT-

ChangeThreshold

Z

Data for SDT 

arrives at layer 2.

RSRP

1

 measurement window

RSRP

2

 measurement window

TE transmitted power


Microsoft_Visio_Drawing5.vsdx
Pout2
Pout1
Pout3
Pin2
Pin1
CG SDT ressource time
RRC release time/Timing advance reference, T1
RSRP1 measurement time, T1´
RSRP2 measurement time, T2´
Timeline
RSRP
TA validation time in the UE, T2
cg-SDT-ChangeThreshold
Z
Data for SDT arrives at layer 2.
RSRP1 measurement window
RSRP2 measurement window
TE transmitted power



image7.emf
P

out2

P

out1

P

out3

P

in2

P

in1

CG SDT 

ressource time

RRC release time/

Timing advance 

reference, T1

RSRP

1

 measurement 

time, T1´

RSRP

2

 measurement 

time, T2´

Timeline

RSRP

TA validation time 

in the UE, T2

cg-SDT-

ChangeThreshold

Z

Data for SDT 

arrives at layer 2.

RSRP

1

 measurement window

RSRP

2

 measurement window

TE transmitted power


Microsoft_Visio_Drawing6.vsdx
Pout2
Pout1
Pout3
Pin2
Pin1
CG SDT ressource time
RRC release time/Timing advance reference, T1
RSRP1 measurement time, T1´
RSRP2 measurement time, T2´
Timeline
RSRP
TA validation time in the UE, T2
cg-SDT-ChangeThreshold
Z
Data for SDT arrives at layer 2.
RSRP1 measurement window
RSRP2 measurement window
TE transmitted power



image8.emf
P

out2

P

out1

P

out3

P

in2

P

in1

CG SDT 

ressource time

RRC release time/

Timing advance 

reference, T1

RSRP

1

 measurement 

time, T1´

RSRP

2

 measurement 

time, T2´

Timeline

RSRP

TA validation time 

in the UE, T2

cg-SDT-

ChangeThreshold

Z

Data for SDT 

arrives at layer 2.

RSRP

1

 measurement window

RSRP

2

 measurement window

TE transmitted power


Microsoft_Visio_Drawing7.vsdx
Pout2
Pout1
Pout3
Pin2
Pin1
CG SDT ressource time
RRC release time/Timing advance reference, T1
RSRP1 measurement time, T1´
RSRP2 measurement time, T2´
Timeline
RSRP
TA validation time in the UE, T2
cg-SDT-ChangeThreshold
Z
Data for SDT arrives at layer 2.
RSRP1 measurement window
RSRP2 measurement window
TE transmitted power



image9.emf
P

out2

P

out1

P

out3

P

in2

P

in1

CG SDT 

ressource time

RRC release time/

Timing advance 

reference, T1

RSRP

1

 measurement 

time, T1´

RSRP

2

 measurement 

time, T2´

Timeline

RSRP

TA validation time 

in the UE, T2

cg-SDT-

ChangeThreshold

Z

Data for SDT 

arrives at layer 2.

RSRP

1

 measurement window

RSRP

2

 measurement window

TE transmitted power


Microsoft_Visio_Drawing8.vsdx
Pout2
Pout1
Pout3
Pin2
Pin1
CG SDT ressource time
RRC release time/Timing advance reference, T1
RSRP1 measurement time, T1´
RSRP2 measurement time, T2´
Timeline
RSRP
TA validation time in the UE, T2
cg-SDT-ChangeThreshold
Z
Data for SDT arrives at layer 2.
RSRP1 measurement window
RSRP2 measurement window
TE transmitted power



