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1. Introduction
In RAN4 #106 meeting, two CRs [1][2] for SDT testing was agreed, but there are still some open issues not fully addressed in the agreed test cases. In this contribution, we discuss the above open issues from RAN4#106 meeting.
2. Discussion 
The unaddressed issues in the SDT test cases
The time line of existing test case is described as below,
	Before starting the test at time point TA, test equipment configures RSRP to P0.
At time point TB, RSRP is changed from P0 to P1.
At time point TC, which is W1 after time point TB, UE expect to receive RRC release with CG SDT configuration and RRC status is changed to INACTIVE status. 
At time point TD, RSRP is changed from P1 to P0.
At time point TE, RSRP is changed from P0 to P2. TE must be W2 before TF. 
Test equipment triggers UL data arrival at UE lower layer at time point TF. After time point TF, test equipment observes whether UE transmits with CG-SDT within 640ms + Z after TF.
At time point TH, UE expect to receive a RRC release with CG-SDT configurations.
At time point TI, RSRP is changed from P2 to P3, where TI is TH+W1.
Test equipment triggers UL data arrival at UE lower layer at time point TJ.
	Before starting the test at time point TA, test equipment configures RSRP to P0. At time point TB, RSRP is changed from P0 to P1.
At time point TC, which is W1[+Y] after time point TB, UE expect to receive RRC release with CG SDT configuration and RRC status is changed to INACTIVE status. 
At time point TD, RSRP is changed from P1 to P0.
At time point TE, RSRP is changed from P0 to P2. TE must be W2 before TF. 
Test equipment triggers UL data arrival at UE lower layer at time point TF. After time point TF, test equipment observes whether UE transmits with CG-SDT within 640ms + Z after TF.
At time point TH, UE expect to receive a RRC release with CG-SDT configurations. 
At time point TI, RSRP is changed from P2 to P3. TI is TH+W1, and delay between TG and TH is FFS.
Test equipment triggers the UL data arrival at UE lower layer at time point TJ.
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Other key configuration parameters:
· The DRX config is DRX.7, i.e., DRX cycle = 640ms
· CG-SDT resource period = 640ms
· SMTC configuration = SMTC.1, i.e., SMTC periodicity is 20ms.
Another thing we would like to clarify is the requirement for TA validation in TS38.133
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If at least one of RSRP1 and RSRP2 is considered to be invalid based on the above conditions, then the UE shall not validate the CG-SDT using RSRP1 and RSRP2 and shall not transmit using CG-SDT. Additionally, the UE shall not transmit in an CG-SDT occasion that occurs more than 640 ms after T2.
Where: 
-	T1 is the time when the latest was obtained by the UE via Timing Advance Command MAC control element.
-	T1’ is the time when the UE has completed RSRP1.
-	T2 is the time when the UE performs TA validation as defined in clause 5.27.2  in [TS 38.321] for transmission using CG-SDT.
-	T2’ is the time when the UE has completed RSRP2.
-	TDRX is the DRX cycle length in ms. 
-	M1 the scaling factor as defined in clause 4.2.2.2.

Based on this test setup, the RSRP1 and RSRP2 window is as following,

	Measurement
	FR1

	RSRP1
	(T1 – 640ms) ≤ T1’ ≤ (T1 + 640ms)

	RSRP2
	(T2 – 640ms) ≤ T2’ ≤ T2



	Measurement
	FR2-1

	RSRP1
	(T1 – 480ms) ≤ T1’ ≤ (T1 + 480ms)

	RSRP2
	(T2 – 480ms) ≤ T2’ ≤ T2




The measurement/evaluation period of serving cell for Inactive mode is:
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According this test case setup, the serving cell measurement/evaluation period is:
	Measurement/evaluation period of serving cell

	FR1
	If SMTC period = 20ms: 4*640ms for inactive mode, 200ms for connected mode

	FR2-1
	If SMTC period = 20ms: 4*5*640ms for inactive mode, 480ms for connected mode
If SMTC period=10ms: 4*5*640ms for inactive mode, 400ms for connected mode


Based on the analysis above, the RSRP1 window and RSRP2 window is not equivalent to the RSRP measurement period. These two windows are to check if the completion time point of the measurement is within such windows or not, and if the completion point is within such window, then the measurement result is a valid result to do TA validation.  
Observation: The RSRP1 window and RSRP2 window is not equivalent to the RSRP measurement period. If the completion time point of the measurement is within such window, then the measurement result is a valid result to do TA validation.  
2.1 Time interval between TB and TC
Before TC, UE is in RCC connected mode, so we need to consider the measurement period for RRC connected mode. In the following figure, it illustrates the error case we may see in the testing, if the time interval between TB and TC is too small. UE may start one measurement cycle before the TB and end this measurement cycle before TC, and that means UE gets the measurement results between TB and TC. This shall be a valid measurement result for TA validation based on the RSRP1 window definition, however, it will cause failure because some of the measurement samples are collected before TB and wrong power is measured.
For RRC connected mode, the measurement period of serving cell in this test case is: 200ms for FR1 and 480ms for FR2-1 PC3 UE (based on section 9.2.5.2 TS38.133). In this case, W1=640ms for FR1 and W1=480ms for FR2-1. For FR1, the time interval between TB and TC can be equivalent to W1=640ms, because UE can have newer measurement cycle before the TC and such newer measurement cycle is fully contained in the W1. 
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Figure 1. the error case when the time interval between TC and TB is too small
However, for FR2-1 case, the W1 is 480ms and measurement period is 480ms, UE may have completed the 1st measurement cycle between TB and TC but some of the samples of this measurement cycle is before TB. Even though UE can have chance to have 2nd measurement cycle before TD, but UE implementation can still choose the 1st measurement cycle result for TA validation, because both 1st measurement cycle and 2nd measurement cycle can generate the valid results for TA validation according to the RSRP1 window definition in the TS38.133. In order to avoid such case, UE may start a new measurement after TC(after it received RRC release), and we can also consider the measurement optimization because UE is aware that it needs to have RSRP1 for TA validation for SDT session. If SMTC period is 20ms, W1=480ms for FR2-1. The optimized measurement delay after TC is 480ms for FR2 (same as connected measurement delay). Then UE may be not able to get a new valid measurement result before TD. If the SMTC period in the test case can be changed to 10ms, then the new measurement period(400ms for FR2-1) after RRC release can be within W1, and therefore good UE can successfully meet the testing requirement, as shown in figure 2.
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Figure 2. new measurement after RRC release can be contained in W1 after TC (SMTC=10ms)
Proposal 1: 
For FR1 SDT test, the SMTC periodicity shall be kept as 20ms.
For FR2-1 SDT test, the SMTC periodicity shall be changed to 10ms.
The time interval between TB and TC can be equivalent to W1, where W1=640ms for FR1 and W1=480ms for FR2-1.
2.2 Time interval between {TE and TF}, and between {TF and TG}
Similar issue as in section 2.1, as illustrated in figure 3, the measurement here shall be based on the measurement period in Inactive mode, which is: 4*640ms for FR1 and 4*5*640ms for FR2-1, while W2=640ms for FR1(SMTC period=20ms as proposal 1) and W2=400ms for FR2-1(SMTC period=10ms as proposal 1). Thus, the safest set-up to correctly test UE is using 2*measurement period between TE and TF. Then, if we follow the inactive mode measurement period, for FR1, TE must be 8*640ms before TF, while for FR2-1, TE must be 40*640ms before TF. It might be a too long delay for testing time. 
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Figure 3. Error case when time interval between TE and TF is equivalent to W2
Alternatively, UE can have one new measurement for RSRP 2 once UE has the data arrived in its buffer. Since the TA validation time is up to UE implementation, i.e., the time interval between data arrival and TA validation, the only time interval to contain this new measurement is between TF and TG. After UE has data in buffer for SDT, UE can start a new measurement, and such measurement period can be optimized (because UE is aware that this measurement is for RSRP2), i.e., 200ms for FR1and 400ms for FR2-1 as same as connected mode measurement delay, and then after UE get the measurement results it can wait for the next available CG-SDT occasion for the SDT transmission at TG. We also need to have time margin for UE to process the measurement result, e.g., 20ms. 
In total, the time interval between TF and TG shall be:
For FR1 SMTC period = 20ms:
· 200ms(optimized measurement delay) + 20ms(result processing for TA validation)  + 640ms(SDT periodicity)=860ms
For FR2-1 SMTC period = 10ms:
· 400ms(optimized measurement delay) + 20ms(result processing for TA validation)  + 640ms(SDT periodicity)=1060ms
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Figure 4. alternative of UE measurement for RSRP2
Proposal 2:
TE must be W2 before TF for bother FR1 and FR2-1. 
Test equipment triggers UL data arrival at UE lower layer at time point TF. After time point TF, test equipment observes whether UE transmits with CG-SDT within 640ms + Z after TF.
· Z=220ms for FR1, i.e., 860ms after TF
· Z=420ms for FR2-1, i.e., 1060ms after TF

2.3 Time interval between {TG and TH} and between {TH and TI}
During a long T4, the power is kept on the same level, and therefore it’s not so critical to use 2*measurement period to be the time interval between TG and TH. At TG, UE needs to transmit CG SDT, and that means UE must has RSRP measurement ready at that moment (UE needs to check the threshold of RSRP to determine the CG-SDT transmission), so as long as the time interval between TH and TG is equivalent to one measurement period, UE can get a newer measurement result for 2nd TA validation, as shown in figure 4. In case UE cannot get result within TH +/- W1, it can still mean that TA validation is not valid and good UE won't fail the test. Then, for FR1, time interval between TG and TH is 4*640ms, and for FR2-1, time interval between TG and TH is 20*640ms. 
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Figure 5. the time interval between TG and TH
But similar as section 2.2, it would be a too long time for testing. Alternatively, UE may start a new measurement after TH(after it received new RRC release), and we can also consider the measurement optimization because UE is aware that it needs to have RSRP1 for TA validation for new SDT session. 
W1= 640ms for FR1 and W1=400ms for FR2-1. The optimized measurement delay after TH is 200ms for FR1 and 400ms for FR2 (same as connected measurement delay). For FR1 and FR2-1, the time interval between TH and TI can be W1. 
Proposal 3: 
Based on SMTC configuration in proposal 1, time interval between TH and TI is W1, where W1=640ms for FR1 and W1=480ms for FR2-1.

2.4 Time interval between TI and TJ
Similar as time interval as analyzed in section 2.2 and section 2.3.
Proposal 4: 
Test equipment triggers UL data arrival at UE lower layer at time point TJ. After time point TJ, test equipment observes whether UE transmits with CG-SDT within W3 after TJ.
· W3=860ms for FR1,
· W3=1060ms for FR2-1
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Figure 7. time interval between TJ and TK
2 Conclusion
In this contribution, we discuss the above open issues from RAN4#106 meeting.
Proposal 1: 
For FR1 SDT test, the SMTC periodicity shall be kept as 20ms.
For FR2-1 SDT test, the SMTC periodicity shall be changed to 10ms.
The time interval between TB and TC can be equivalent to W1, where W1=640ms for FR1 and W1=480ms for FR2-1.
Proposal 2:
TE must be W2 before TF for bother FR1 and FR2-1. 
Test equipment triggers UL data arrival at UE lower layer at time point TF. After time point TF, test equipment observes whether UE transmits with CG-SDT within 640ms + Z after TF.
· Z=220ms for FR1, i.e., 860ms after TF
· Z=420ms for FR2-1, i.e., 1060ms after TF
Proposal 3: Based on SMTC configuration in proposal 1, time interval between TH and TI is W1, where W1=640ms for FR1 and W1=480ms for FR2-1.
Proposal 4: 
Test equipment triggers UL data arrival at UE lower layer at time point TJ. After time point TJ, test equipment observes whether UE transmits with CG-SDT within W3 after TJ.
· W3=860ms for FR1,
· W3=1060ms for FR2-1
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Table 4.2.2.2-1: Nserv

DRX cycle length [s] Scaling Factor (N1) Nserv [number of DRX cycles]
FR1 FR2-Note! | FR2.-2 Note2
0.32 1 8 12 M1*N1*4
0.64 5 8 M1*N1*4
1.28 4 6 N1*2
2.56 3 5 N1*2

Note 1:  Applies for UE supporting FR2-1 power class 2&3&4. For UE supporting FR2-1 power class 1 or 5, N1 =8
for all DRX cycle length.

Note 2:  Applies for UE supporting FR2-2 power class 2&3. For UE supporting FR2-2 power class 1, N1 = 12 for all
DRX cycle length.
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Table 5.2B.2.1-1 Valid measurement for FR1 without eDRX cycle

Measurement FR1
RSRP1 (T1 — min(640ms, M1*Tprx)) < T1' < (T1 + min(640ms, M1*Torx))
RSRP, (T2 — min(640ms, M1*Tprx)) < T2' < T2
Table 5.2B.2.1-2 Valid measurement for FR2-1
Measurement FR2-1
RSRP; (T1 - max{480ms, 8*SMTC periodicity}) < T1’' < (T1 + max{480ms, 8*SMTC periodicity})
RSRP2 (T2 — max{480ms, 8*SMTC periodicity}) T2’ < T2





