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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
There were discussions on impacts of 1 Rx. RedCap UEs for SDT procedure in RAN4 103-e [1]. In the WF [2], the following open issues were captured as below.
	RSRP margin for SDT absolute RSRP thresholds
· Option 1 (Intel, E///, Apple, Nokia): 
For FR1, RedCap UE determines the above RSRP related thresholds for SDT procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signalling and RSRP range defined in TS 38.133. 
 • For absolute RSRP threshold, UE using 1 Rx branch determines any of the above threshold (H2) as H2 = H1 + offsetabsolute 
· Absolute RSRP threshold for SDT procedure includes sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB 
· Option 1b (MTK, Nokia): 
· Option  1 is agreed provided offset (offsetabsolute) is a constant number.
· Option 2 (vivo): 
1 Rx UE does not need to apply RSRP offset based on the 2 Rx threshold for CG-SDT. 

RSRP margin for SDT RSRP change threshold
· Option 1 (Intel): 
For RSRP change threshold,  UE using 1 Rx branch determines any of the above threshold (H2) by
· Option 1a (Intel, Nokia, Apple, E///): H2 = H1 + offsetRSRPChange 
                         RSRP change threshold for SDT procedure includes cg-SDT-RSRP-ChangeThreshold.
· Option 1b: Separate threshold H2 used
· Option 1c (MTK, Nokia): 
· Option  1 is agreed provided offset (offsetRSRPChange) is a constant number.
· Option 2 (vivo): 
1 Rx UE does not need to apply RSRP offset based on the 2 Rx threshold for CG-SDT. 



This paper updates the issue on RSRP Threshold offset issues and provides our views.
2. Discussion
Review on SDT procedure and related RSRP thresholds 
In MAC specification for SDT procedure, RRC configures the following parameters [3]:
-	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.
Observation 1: For SDT procedure, RRC configures absolute RSRP threshold of sdt-RSRP-Threshold to define the reliable channel conditions. For cg-SDT procedure, additional cg-SDT-RSRP-ThresholdSSB is configured by RRC. 
In addition to these absolute RSRP related threshold values, RSRP-change threshold is defined for TA validation of cg-SDT procedure as below [4]. The RSRP-change is the difference between the first RSRP (RSRP1) measurement and the second RSRP (RSRP2) measurements i.e. RSRP-change = | RSRP(T1’) - RSRP(T2’)|.
	5.x.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  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.x in [TS 38.321].
RSRP1 and RSRP2 are considered valid provided that the conditions in Table 5.x.3-1 and Table 5.x.3-2 are met for FR1 and FR2-1.
Table 5.x.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.x.3-2 Valid measurement for FR2-1
	Measurement
	FR2-1

	RSRP1
	(T1 – [X1]) ≤ T1’ ≤ (T1 + [X1])

	RSRP2
	(T2 – [X1]) ≤ 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 [Z 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 5.8.2.x 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.



The RRC IE for cg-SDT-RSRP-ChangeThreshold is cg-SDT-RSRP-ChangeThreshold-r17 and it has format of  ENUMERATED { dB2, dB4, dB6, dB8, dB10, dB14, dB18, dB22, dB26, dB30, dB34, spare5, spare4, spare3, spare2, spare1}[5].
Observation 2: For cg-SDT procedure, RRC additionally configures cg-SDT-RSRP-ChangeThreshold for TA validation.

On the necessity of configurable 1 Rx. RSRP margin for SDT procedure 
For 1 Rx RedCap UE in SDT procedure, sdt-RSRP-Threshold, cg-SDT-RSRP-ThresholdSSB and cg-SDT-RSRP-ChangeThreshold need to be adjusted for reliable SDT transmission. Recently RAN2 also recognized that 1 Rx. configuration margin also needs to be applied to sdt-RSRP-Threshold [7][8][9] in addition to RA related RSRP parameters mentioned in the LS to RAN2 [6].
For absolute RSRP threshold, UE using 1 Rx branch determines the threshold (H2) as H2 = H1 + offsetabsolute 
· Absolute RSRP threshold for SDT procedure includes sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB 
· This offsetabsolute is expected to be configured  as a non-negative value since it is for the compensation of 1 Rx. RSRP measurement accuracy degradation i.e.  offsetabsolute >= 0 dB. 
Observation 3: Recently RAN2 also recognized that 1 Rx. configuration margin also needs to be applied to sdt-RSRP-Threshold.
Proposal 1: Reflect the RAN2 consideration of sdt-RSRP-Threshold in RAN4 RRM requirements as below.
	For FR1, RedCap UE determines the absolute RSRP related thresholds for SDT procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signalling and RSRP range defined in TS 38.133. 
 • For absolute RSRP threshold, UE using 1 Rx branch determines any of the above threshold (H2) as H2 = H1 + offsetabsolute 
·         - Absolute RSRP threshold for SDT procedure includes sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB
·         - The offsetabsolute is to be inherited from RRC parameter of 1 Rx. RSRP absolute configuration margin which is
·           to be introduced for absolute RSRP THLDs for RA-related procedures.



Proposal 1a: Send an LS to RAN2 capturing the Proposal 1 above to include cg-SDT-RSRP-ThresholdSSB among the candidate of 1 Rx. RSRP absolute configuration margin.
On the necessity of configurable 1 Rx. RSRP change margin for SDT procedure 
[bookmark: _Hlk110374239]For RSRP change threshold for cg-SDT procedure, UE using 1 Rx branch needs to determine the RSRP change threshold (H2) by H2 = H1 + offsetRSRPChange,cg-SDT. since offsetRSRPChange, cg-SDT is expected to be configured as a non-positive value since it is for the compensation of 1 Rx. RSRP change measurement degradation i.e.  offsetRSRPChange,cg-SDT <= 0 dB. 
[bookmark: _Hlk110376497]Observation 4: For TA validation of cg-SDT procedure, separate offset of offsetRSRPChange,cg-SDT is required since it is a different measure and shows different value range compared with offsetabsolute.
Proposal 2: Introduce separate offset of offsetRSRPChange, cg-SDT for TA validation of cg-SDT procedure as below.
	For FR1, RedCap UE determines the RSRP change related threshold for SDT procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signalling and RSRP range defined in TS 38.133. 
 • For RSRP change threshold for TA validation of cg-SDT procedure, UE using 1 Rx branch determines any of the above threshold (H2) as H2 = H1 + offsetRSRPChange, cg-SDT.



Proposal 2a: Send an LS to RAN2 capturing the Proposal 2 above.


3. Conclusion
The following are the observations and proposals based on the analysis provided in this paper:

[bookmark: _Hlk110959216]Observation 1: For SDT procedure, RRC configures absolute RSRP threshold of sdt-RSRP-Threshold to define the reliable channel conditions. For cg-SDT procedure, additional cg-SDT-RSRP-ThresholdSSB is configured by RRC. 
Observation 2: For cg-SDT procedure, RRC additionally configures cg-SDT-RSRP-ChangeThreshold for TA validation.
Observation 3: Recently RAN2 also recognized that 1 Rx. configuration margin also needs to be applied to sdt-RSRP-Threshold.
Proposal 1: Reflect the RAN2 consideration of sdt-RSRP-Threshold in RAN4 RRM requirements as below.
	For FR1, RedCap UE determines the absolute RSRP related thresholds for SDT procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signalling and RSRP range defined in TS 38.133. 
 • For absolute RSRP threshold, UE using 1 Rx branch determines any of the above threshold (H2) as H2 = H1 + offsetabsolute 
·         - Absolute RSRP threshold for SDT procedure includes sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB
·         - The offsetabsolute is to be inherited from RRC parameter of 1 Rx. RSRP absolute configuration margin which is
·           to be introduced for absolute RSRP THLDs for RA-related procedures.



Proposal 1a: Send an LS to RAN2 capturing the Proposal 1 above to include cg-SDT-RSRP-ThresholdSSB among the candidate of 1 Rx. RSRP absolute configuration margin.
Observation 4: For TA validation of cg-SDT procedure, separate offset of offsetRSRPChange,cg-SDT is required since it is a different measure and shows different value range compared with offsetabsolute.
Proposal 2: Introduce separate offset of offsetRSRPChange, cg-SDT for TA validation of cg-SDT procedure as below.
	For FR1, RedCap UE determines the RSRP change related threshold for SDT procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signalling and RSRP change range defined in TS 38.133*. 
 •  For RSRP change threshold for TA validation of cg-SDT procedure, UE using 1 Rx branch determines any of the above threshold (H2) as H2 = H1 + offsetRSRPChange, cg-SDT.


*) It would be inherited from TS 38.331 RRC specification.
Proposal 2a: Send an LS to RAN2 capturing the Proposal 2 above.
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1. Overall Description:
RAN4 specifies the requirements for Random access based Small Data Transmissions (RA-SDT) and Configured Grant based Small Data Transmissions (CG-SDT) in TS 38.133 Clause 5.7 and Clause 5.5 respectively. As in RAN2 specifications, sdt-RSRP-Threshold defines the reliable channel conditions for CG-SDT and RA-SDT. For CG-SDT, additional cg-SDT-RSRP-ThresholdSSB is introduced for the same purpose and gNB can also configure cg-SDT-RSRP-ChangeThreshold for TA validation.

During RAN4#102-e, RAN4 sent an LS to RAN2 in R4-2206951, where a need to define separate RSRP thresholds (e.g., for random access procedures) for 1 Rx UEs was discussed and it was decided that a specified offset to the configured threshold for 2Rx UEs may be applied for 1Rx UEs.
During this meeting, RAN4 agreed to apply this 1 Rx. RSRP threshold offset to the thresholds of sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB as well, i.e.,
· UE using 2 Rx branches determines these thresholds (H1) based on existing signaling defined in TS 38.133. 
· UE using 1 Rx branch determines aby of these thresholds (H2) as follows:
H2 = H1 + offset
Where, “offset” is fixed value in dB and corresponds to the magnitude of the difference between RSRP accuracies for 1 Rx branch and 2Rx branches. RAN4 will further inform RAN2 about the value of the “offset” in future meeting.

Moreover, RAN4 agreed to define the threshold cg-SDT-RSRP-ChangeThreshold for 1 Rx UEs in a similar manner but with a separate RSRP change offset, i.e.,
· UE using 2 Rx branches determines cg-SDT-RSRP-ChangeThreshold (H1) based on existing signaling defined in TS 38.133. 
· UE using 1 Rx branch determines cg-SDT-RSRP-ChangeThreshold (H2) as follows:
H2 = H1 + offsetcg-SDT,RSRP-Change
Where, “offsetcg-SDT,RSRP-Change ” is fixed value in dB and corresponds to the magnitude of the difference between RSRP Change accuracies for 1 Rx branch and 2Rx branches. RAN4 will further inform RAN2 about the value of the “offset” in future meeting.

2. Actions:
To: RAN WG2
ACTION: RAN4 kindly asks RAN2 to take the above information into consideration.


3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #105		 	      	14 Nov – 18 Nov 2022, F2F Meeting
