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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
There were discussions on impacts for 1 Rx. RedCap UEs in RAN4 102-e. In the WF [1] the remaining open issues were captured on the following topics.
· NR frequency band grouping for FR1 RedCap and NR frequency band grouping for FR2 RedCap
· Impact on paging reception requirements for FD-FFD/TDD UEs for 1 Rx 
· Small data transmission for RedCap with 1 Rx. – time window

This paper discusses the selected issues among the listed above and provides our views.
2. Discussion
Impact on paging reception requirements for FD-FDD/TDD UEs
The open issue is related to paging reception requirements for 1 Rx RedCap UE as follows [1]:
	Impact on paging reception requirements for FD-FDD/TDD UEs for FR1
· Option 1 (Xiaomi, OPPO, CMCC, E///, MTK, vivo): For 1 Rx, there is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
· Option 2 (HW):	For RedCap with 1 RX, the interruption time shall not exceed TSI-NR + 3*Ttarget_cell_SMTC_period ms.



The legacy interruption time shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period ms. Ttarget_cell_SMTC_period is the periodicity of the SMTC occasions configured for the target NR cell. Also, the requirements assume sufficient radio conditions, so that decoding of system information can be made without errors and does not take into account cell re-selection failure. Thus, there is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.

Proposal 1: For 1 Rx, there is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap. 
· For RedCap with 1 Rx, the interruption time shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period ms
Small data transmission for RedCap with 1 Rx. – time window
The open issue is related to small data transmission for 1Rx. RedCap UE as follows [1]:
	SDT for RedCap with 1 Rx – time window
· Option 1 (vivo, E///, MTK): Time windows defining the valid measurements used for TA validation are reused from Rel-17 SDT discussions but need to be updated to reflect the RedCap 1 Rx measurement times (compared to 2 Rx measurement times).
· Option 1a (MediaTek): Support reusing the TA validation requirements from SDT rel-17 WI to SDT for RedCap in rel-17 with relaxed accuracy performance for the case of 1Rx RedCap.
· Option 2 (CMCC, HW, Apple): Discuss the time windows for 1 Rx RedCap UE after the 2Rx requirements are agreed.



Even though RRM requirements for non-RedCap UE is still under discussion for finalization, the TA validation framework is defined in RAN4 as below in Big CR [2]. 
	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.



In MAC specification, RRC configures cg-SDT-RSRP-ChangeThreshold for time alignment validation in addition to the following prameters for SDT procedure [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.
For 1 Rx RedCap UE SDT requirements, sdt-RSRP-Threshold, cg-SDT-RSRP-ThresholdSSB and cg-SDT-RSRP-ChangeThreshold need to be adjusted for reliable SDT ransmission. Among these RSRP related threhold values, sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB can be treated as configured margin as defined in LS to RAN2 [4] since it is an absolute RSRP level. 
	RedCap UE determines the above RSRP related thresholds for corresponding procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signaling and RSRP range defined in TS 38.133. 
 • UE using 1 Rx branch determines any of the above threshold (H2) as follows: H2 = H1 + offset
Examples are rsrp-ThresholdSSB, rsrp-ThresholdCSI-RS, msgA-RSRP-ThresholdSSB, msgA-RSRP-Threshold, rsrp-ThresholdBFR.



However, it is reasonable to define separate margin for RSRP change threshold to handle cg-SDT-RSRP-ChangeThreshold since it is a RSRP threshold for the increase/decrease of RSRP.
Observation 1: For SDT transmission,  RRC configures RSRP related threshold value of cg-SDT-RSRP-ChangeThreshold and TA validation in addition to sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB for SDT procedure 
Observation 2: For 1 Rx. RedCap UEs, sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB can be treated as configured margin as defined in LS to RAN2 [4] since it is an absolute RSRP level.
Observation 3: For 1 Rx. RedCap UEs, cg-SDT-RSRP-ChangeThreshold for TA validation also needs to be adjusted and requires separate offset since it is on the RSRP change rather than RSRP level itself.
Proposal 2: 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 signaling 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 
• For RSRP change threshold,  UE using 1 Rx branch determines any of the above threshold (H2) by either  H2 = H1 + offsetRSRPChange or just separate threshold H2 itself  
· RSRP change threshold for SDT procedure includes cg-SDT-RSRP-ChangeThreshold.
3. Conclusion
The following are the observations and proposals based on the analysis provided in this paper:
Discussion on remaining issues for 1 Rx. RedCap UEs 
Proposal 1: For 1 Rx, there is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap. 
· For RedCap with 1 Rx, the interruption time shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period ms
Observation 1: For SDT transmission,  RRC configures RSRP related threshold value of cg-SDT-RSRP-ChangeThreshold and TA validation in addition to sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB for SDT procedure 
Observation 2: For 1 Rx. RedCap UEs, sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB can be treated as configured margin as defined in LS to RAN2 [4] since it is an absolute RSRP level.
Observation 3: For 1 Rx. RedCap UEs, cg-SDT-RSRP-ChangeThreshold for TA validation also needs to be relaxed and requires separate offset since it is on the RSRP change rather than RSRP level itself.
Proposal 2: 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 signaling and RSRP range defined in TS 38.133. 
 • For absolure 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 
• For RSRP change threshold, UE using 1 Rx branch determines any of the above threshold (H2) by either  H2 = H1 + offsetRSRPChange or just separate threshold H2 itself
· RSRP change threshold for SDT procedure includes cg-SDT-RSRP-ChangeThreshold.
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