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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction

In RAN4 post #104-bis-e meeting, Big CR for NR SDT performance requirements was approved [1] with remaining open issues in WF document [2] under SDT WI. In this paper, we revisit SDT test case design and identify the required changes for RedCap UE.
2. Discussion

Under SDI WI, only CG-SDT is under consideration of performance test. In this section, we provide our views on the possible changes for RedCap UE after the briefly reviewing the test case design in SDT WI. 
Revisit on SDT test case
TA validation requirements 
The TA validation requirements for CG-SDT is defined as below for normal UE in [3].
	5.5.3 TA validation requirements

When cg-SDT-RSRP-ChangeThreshold [TS 38.331] is configured for TA validation based on the RSRP change
criterion according to clause 5.8.2.x in [TS 38.321], the UE is allowed to transmit using CG-SDT using the timing derived using the latest available TA value as specified in subclause 7.1 provided that

- the first RSRP (RSRP1) measurement and the second RSRP (RSRP2) measurements used in the TA
   validation are valid measurements and,

-  timing alignment validation for transmission using CG-SDT is valid according to the validation criteria 
   in clause 5.8.2 in [TS 38.321].

RSRP1 and RSRP2 are considered valid provided that the conditions in Table 5.5.3-1 and Table 5.5.3-2 are met for FR1 and FR2-1.

Table 5.5.3-1 Valid measurement for FR1

	Measurement
	FR1

	RSRP1
	(T1 – min (640ms, M1*TDRX)) ≤ T1’ ≤ (T1 + min (640ms, M1*TDRX))

	RSRP2
	(T2 – min (640ms, M1*TDRX)) ≤ T2’ ≤ T2




Table 5.5.3-2 Valid measurement for FR2-1
	Measurement
	FR2-1

	RSRP1
	(T1 – max (480ms, 8*SMTC periodicity)) ≤ T1’ ≤ (T1 + max (480ms, 8*SMTC periodicity))

	RSRP2
	(T2 – max (480ms, 8*SMTC periodicity)) ≤ T2’ ≤ T2



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
       - RRCRelease with CG-SDT configuration (TS 38.331 [2]) is received
       - the latest TA is received if TA is received while in RRC_INACITVE state.
- 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 [7]) 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


Purpose of SDT test
The purpose of CG-SDT is focused on TA validation for CG-SDT transmission. In the test, UE is configured two CG-SDT configurations at different time with RSRP variation model. [The test consists of five successive time periods, with time duration of T1, T2, T3, T4, T5, and T6 respectively].
Observation 1: The TA validation test case for CG-SDT is the main scope in SDT WI and initial big CR was just approved in the previous meeting with remaining open issues.
Test case configurations
In the latest SDT big CR [1], test configuration is as below.
Table A.6.2.1.2-1: NR configuration for FR1 SSB
	Config
	Description

	1
	FDD, SSB SCS 15 kHz, data SCS 15 kHz, BW 10 MHz

	Note:	The UE is only required to be tested in one of the supported test configurations




Table A.7.2.X.1.1-1: Supported test configurations for FR2 PCell
	Configuration
	Description

	1
	TDD, SSB SCS 120 KHz, data SCS 120KHz, BW 100 MHz



Changes for RedCap UE
TA validation rule
The TA validation requirements for CG-SDT of RedCap UE is defined as below in [3]. We can see that there is no difference comparing with normal UE requirements except that TDRX is replaced by TeDRX-RAN when eDRX cycle configured in FR1.
	5.2B.2.1 TA validation requirements for RedCap

When cg-SDT-RSRP-ChangeThreshold [TS 38.331] is configured for TA validation based on the RSRP change
criterion according to clause 5.8.2.x in [TS 38.321], the UE is allowed to transmit using CG-SDT using the timing derived using the latest available TA value as specified in subclause 7.1 provided that

- the first RSRP (RSRP1) measurement and the second RSRP (RSRP2) measurements used in the TA
   validation are valid measurements and,

-  timing alignment validation for transmission using CG-SDT is valid according to the validation criteria 
   in clause 5.8.2 in [TS 38.321].

RSRP1 and RSRP2 are considered valid provided that the conditions in Table 5.2B.2-1 are met for FR1 when UE is not configured with any eDRX cycle by serving gNB or core network.

RSRP1 and RSRP2 are considered valid provided that the conditions in Table 5.2B.2-2 are met for FR2 regardless of whether the UE is configured with eDRX cycle by serving gNB or core network (AMF).

RSRP1 and RSRP2 are considered valid provided that the conditions in Table 5.2B.2-3 are met for FR1 when UE is configured:
    - only with RAN eDRX cycle (TeDRX-RAN) by the serving gNB, or
    - with both TeDRX-RAN by serving gNB and CN eDRX cycle (TeDRX-CN) by the core network (AMF)

Table 5.2B.2.1-1 Valid measurement for FR1 without eDRX cycle 

	Measurement
	FR1

	RSRP1
	(T1 – min (640ms, M1*TDRX)) ≤ T1’ ≤ (T1 + min (640ms, M1*TDRX))

	RSRP2
	(T2 – min (640ms, M1*TDRX)) ≤ T2’ ≤ T2



Table 5.2B.2.1-2 Valid measurement for FR2
	Measurement
	FR2-1

	RSRP1
	(T1 – max (480ms, 8*SMTC periodicity)) ≤ T1’ ≤ (T1 + max (480ms, 8*SMTC periodicity))

	RSRP2
	(T2 – max (480ms, 8*SMTC periodicity)) ≤ T2’ ≤ T2



Table 5.2B.2.1-3 Valid measurement for FR1 with eDRX cycle
	Measurement
	FR1

	RSRP1
	(T1 – min (640ms, M1* TeDRX-RAN)) ≤ T1’ ≤ (T1 + min (640ms, M1* TeDRX-RAN))

	RSRP2
	(T2 – min (640ms, M1* TeDRX-RAN)) ≤ T2’ ≤ T2



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
       - RRCRelease with CG-SDT configuration (TS 38.331 [2]) is received
       - the latest TA is received if TA is received while in RRC_INACITVE state.
- 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 [7]) 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



Observation 2: The TA validation requirements for CG-SDT of RedCap UE is the same as normal UE requirements except that TDRX is replaced by TeDRX-RAN when eDRX cycle configured in FR1.
Test configurations
For the test configurations of CG-SDT for RedCap UE, it would be reasonable to reuse the configurations already developed for RedCap UE. The configurations for RedCap UE RLM test [3] are as follows and they can be reused for this purpose.
Table A.16.5.1.1.1-1: Supported test configurations for FR1 PCell
	Configuration
	Description

	1 
	NR FDD, SSB SCS 15 kHz, data SCS 15 kHz, BW 10 MHz

	2 
	NR TDD, SSB SCS 15 kHz, data SCS 15 kHz, BW 10 MHz

	3 
	NR TDD, SSB SCS 30 kHz, data SCS 30 kHz, BW 20 MHz

	4 
	NR HD-FDD, SSB SCS 15 kHz, data SCS 15 kHz, BW 10 MHz

	Note: The UE is only required to be tested in one of the supported test configurations



Table A.17.5.1.1.1-1: Supported test configurations for FR2 PCell
	Configuration
	Description

	1
	NR TDD, SSB SCS 120 kHz, data SCS 120 kHz, BW 100 MHz



Proposal 1: For CG-SDT test, reuse the test configurations for RedCap UE signalling characteristic such as RLM test. 
1 Rx. UE support
From CG-SDT perspective, there are condition for allowing transmission such as small data volume, sufficient RSRP level and RSRP change threshold for TA validation.
-	sdt-DataVolumeThreshold: data volume threshold for the UE to determine whether to perform SDT procedure
-	sdt-RSRP-Threshold: RSRP threshold for UE to determine whether to perform SDT procedure
-	cg-SDT-RSRP-ThresholdSSB: an RSRP threshold configured for SSB selection for CG-SDT.
-	cg-SDT-RSRP-ChangeThreshold: RSRP change threshold for TA validation in CG-SDT
The CG-SDT is configured by UE dedicated RRC configuration. Under 1 Rx. RSRP measurement degradation comparing with 1 Rx. UE, more conservative configuration either in CG-SDT parameters setting or RSRP conditions.
[bookmark: _Hlk118309940]Proposal 2: Follow the test purpose of SDT WI with respect to CG-SDT transmission condition such as data volume, RSRP level and RSRP change for TA validation. For 1 Rx. UE, consider more conservative configuration either in CG-SDT parameters setting or RSRP conditions once RSRP variation model is finalized in SDT WI.
Test case description
FR1
The CR for CG-SDT in FR1 under SDT WI is reused with the FR1 RedCap test configurations in Sec 2.2.2 Additional section for 1 Rx. UE is added. The draft CR for FR1 test is captured in the accompanying paper [5] with the following section numbering.
	A.16.2.1 Configured Grant based Small Data Transmissions (CG-SDT) for RedCap
A.16.2.1.1 NR UE CG-SDT Test in FR1 for 1Rx RedCap UE
A.16.2.1.2 NR UE CG-SDT Test in FR1 for 2Rx RedCap UE


FR2
The CR for CG-SDT test in FR2 under SDT WI is fully reused with the FR2 RedCap test configurations in Sec 2.2.2. The draft CR for FR2 test is captured in the accompanying paper [6] with the following section numbering.
	A.17.2.1 Configured Grant based Small Data Transmissions (CG-SDT) for RedCap


3. Conclusion

Observation 1: The TA validation test case for CG-SDT is the main scope in SDT WI and initial big CR was just approved in the previous meeting with remaining open issues.
Observation 2: The TA validation requirements for CG-SDT of RedCap UE is the same as normal UE requirements except that TDRX is replaced by TeDRX-RAN when eDRX cycle configured in FR1.
[bookmark: _Hlk118317012]Proposal 1: For CG-SDT test, reuse the test configurations for RedCap UE signalling characteristic such as RLM test. 
Proposal 2: Follow the test purpose of SDT WI with respect to CG-SDT transmission condition such as data volume, RSRP level and RSRP change for TA validation. For 1 Rx. UE, consider more conservative configuration either in CG-SDT parameters setting or RSRP conditions once RSRP variation model is finalized in SDT WI.
Proposal 3: Consider Draft CR for RedCap CG-SDT test in FR1 captured in R4-2218340. 
Proposal 4: Consider Draft CR for RedCap CG-SDT test in FR2 captured in R4-2218341. 
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