3GPP RAN WG4 Meeting #110	R4-2400085
Athens, GR, Feburary 26 – March 01, 2024

Title: 	Discussion on Performance requirements of RedCap UE Positioning
Source: 	CATT
Agenda item:	8.14.3.3
[bookmark: DocumentFor]Document for:	Discussion
Introduction
In RAN4#109 meeting, there were some proposals discussing the Performance requirements, but no fruitful agreements are achieved due to limited time. The WF is referred to [1]. In this paper, we will discuss the performance requirements and test cases for RedCap UE Positioning. 
Discussion
Side conditions
Issue2-1-1: Side conditions for 1Rx RedCap UE without FH
In RAN4#108 meeting, an agreement was achieved on the side condition for 1Rx RedCap UE without FH under fading propagation condition. But brackets were added because a few companies wanted to further check the applicability of the side conditions: 
	In RAN4#108, following was agreed in the WF in R4-2314353:
•	RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, [-10], [-10]) dB.
•	UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
•	PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
•	PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
RAN4#109: 
· Proposals
· Option 1: HW
· For RedCap with 1RX without FH, new accuracy requirements are defined based on the agreed Es/Iot side condition and related simulation results. 
· Option 2: E///, QC, CATT
· Option 2A: E///, CATT
· RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
· UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
· PRS-RSRP accuracy requirement for 1Rx RedCap UE is defined for SINR values (-3, -10, -10) dB.
· PRS-RSRPP accuracy requirement for 1Rx RedCap UE under two path propagation condition is defined for SINR values (-3, -10, -10) dB.
· Option 2B: QC
· For RSTD accuracy requirements for 1Rx RedCap UE under fading propagation condition, the reference and target SINR side-conditions are SINRref = -6 dB, SINRtarget = -10 dB.
· For UE Rx-Tx accuracy requirements for 1Rx RedCap UE under fading propagation condition, the SINR side-conditions are (-3, -10) dB.
· RAN4 to define a single set of PRS-RSRP accuracy requirements for 1Rx RedCap UEs under both AWGN and fading conditions, at SINR side-conditions (-3, -10) dB.
· RAN4 to define PRS-RSRPP accuracy requirements for 1Rx RedCap UEs under the 2-tap channel model used in Rel-17, at SINR side-conditions (-3, -10) dB. 


Based on all companies’ proposals in RAN4#109 meeting, the consensus is achieved and the brackets can be removed. 
Proposal 1: The brackets in the side conditions for 1Rx without FH under fading propagation condition can be removed, i.e., the side conditions should be:
•	 RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
•	 UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
•	 PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
•	 PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Measurement accuracy requirements
Issue2-2-1: General rules for defining accuracy requirements
During Rel-18 meetings, some agreements about the general rules to determine Performance requirements for RedCap UE positioning were achieved which are copied in Appendix A. 
Regarding the specific side conditions and accuracy requirements for both 1Rx/2Rx RedCap UE, the achieved agreements in Appendix A and leftover issues are summarised in the Table 1 below: 
Table 1. Summary of Rel-18 agreements about RedCap UE performance requirements
	
	
	AWGN channel
	Fading channel

	
	
	FR1
	FR2
	FR1
	FR2

	1Rx
	Without FH
	Side condition: Reuse R17.
Accuracy: Relax R17 accuracy requirements. 
	NA
	Side condition: Defined new ones (Refer to WF R4-2314353 [2]). 
Accuracy: No conclusion yet.
	NA

	
	With 
FH
	Side condition: Reuse R17.
Accuracy: No conclusion yet.
	NA
	Side condition: Same as that for without FH case. 
Accuracy: No conclusion yet.
	NA

	2Rx
	Without FH
	Side condition: Reuse R17.
Accuracy: No conclusion yet.
	Side condition: Reuse R17.
Accuracy: No conclusion yet.
	Side condition: Reuse R17.
Accuracy: No conclusion yet.
	Side condition: Reuse R17.
Accuracy: No conclusion yet.

	
	With 
FH
	Side condition: Same as that for without FH case.
Accuracy: No conclusion yet.
	Side condition: Same as that for without FH case.
Accuracy: No conclusion yet.
	Side condition: Same as that for without FH case.
Accuracy: No conclusion yet.
	Side condition: Same as that for without FH case.
Accuracy: No conclusion yet.


Based on the summary above, we have the following proposals: 
Proposal 2: One accuracy requirement table is used for measurements without FH and with FH, i.e., do not differentiate FH when defining accuracy requirements. 
Proposal 3: New accuracy requirements need to be defined for large bandwidths for each SCS configuration to cover FH cases. 
Proposal 4: For 1Rx RedCap UE, new accuracy requirements are defined based on simulation results under the agreed side conditions. 
Proposal 5: For 2Rx RedCap UE, Rel-17 accuracy requirements are reused for applicable BW for both AWGN and fading channel in FR1 and FR2. 
Issue2-2-2: PRS BW in gap for PRS measurement with FH
Regarding the calculation of effective BW, as we proposed in the last meeting [3], the effective BW can be derived by the equation below for Case1 assuming the measured hops have the same BW, i.e., the same number of PRBs: 

Where  is the configured BW for PRS resources,  is the number of RBs per hop,  is number of hops and  is the number of overlapping RBs between hops.
For Case2, the effective BW is equal to the PRS BW occupied by the hops on which the measurement is performed. It can also be obtained by using the above equation with  and . 
Proposal 6: The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation: , where, 
·  is the configured BW for PRS.
·  is the number of RBs per hop.
·  is number of hops.
·  is the number of overlapping RBs between hops.
Test cases
Since the measurement period and accuracy requirements defined for RedCap UE are based on that for normal UE, the legacy test cases defined in A.6 and A.7 in TS 38.133 can also be used as baseline to define test cases for RedCap UE [4]. Test cases for measurement with FH should also be defined. 
Proposal 7: Similar test cases to the ones defined for normal UE should be defined. Detailed lists are provided in the tables below. Test case list for requirements with FH are also provided. 
Table 2. PRS measurement delay test case list
	Test case No.
	PRS measurement delay test case scenarios
	Impacted section 
in TS 38.133

	PRS measurement delay tests without FH in RRC_IDLE state

	2-1 
	RSTD reporting delay tests without FH in FR1 in RRC_IDLE
	

	2-2 
	RSTD reporting delay tests without FH in FR2 in RRC_IDLE
	

	2-3 
	PRS-RSRP reporting delay tests without FH in FR1 in RRC_IDLE
	

	2-4 
	PRS-RSRP reporting delay tests without FH in FR2 in RRC_IDLE
	

	2-5 
	PRS-RSRPP reporting delay tests without FH in FR1 in RRC_IDLE
	

	2-6 
	PRS-RSRPP reporting delay tests without FH in FR2 in RRC_IDLE
	

	PRS measurement delay tests without FH with reduced samples in RRC_IDLE state

	2-7 
	RSTD reporting delay tests without FH with reduced samples in FR1 in RRC_IDLE
	

	2-8 
	RSTD reporting delay tests without FH with reduced samples in FR2 in RRC_IDLE
	

	2-9 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR1 in RRC_IDLE
	

	2-10 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR2 in RRC_IDLE
	

	2-11 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR1 in RRC_IDLE
	

	2-12 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement delay tests with FH in RRC_IDLE state

	2-13 
	RSTD reporting delay tests with FH in FR1 in RRC_IDLE
	

	2-14 
	RSTD reporting delay tests with FH in FR2 in RRC_IDLE
	

	2-15 
	PRS-RSRP reporting delay tests with FH in FR1 in RRC_IDLE
	

	2-16 
	PRS-RSRP reporting delay tests with FH in FR2 in RRC_IDLE
	

	2-17 
	PRS-RSRPP reporting delay tests with FH in FR1 in RRC_IDLE
	

	2-18 
	PRS-RSRPP reporting delay tests with FH in FR2 in RRC_IDLE
	

	PRS measurement delay tests with FH with reduced samples in RRC_IDLE state

	2-19 
	RSTD reporting delay tests with FH with reduced samples in FR1 in RRC_IDLE
	

	2-20 
	RSTD reporting delay tests with FH with reduced samples in FR2 in RRC_IDLE
	

	2-21 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR1 in RRC_IDLE
	

	2-22 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR2 in RRC_IDLE
	

	2-23 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR1 in RRC_IDLE
	

	2-24 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement delay tests without FH in RRC_INACTIVE state

	2-25 
	RSTD reporting delay tests without FH in FR1 in RRC_INACTIVE
	

	2-26 
	RSTD reporting delay tests without FH in FR2 in RRC_INACTIVE
	

	2-27 
	PRS-RSRP reporting delay tests without FH in FR1 in RRC_INACTIVE
	

	2-28 
	PRS-RSRP reporting delay tests without FH in FR2 in RRC_INACTIVE
	

	2-29 
	UE Rx-Tx time difference reporting delay tests without FH in FR1 in RRC_INACTIVE
	

	2-30 
	UE Rx-Tx time difference reporting delay tests without FH in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests without FH with reduced samples in RRC_ INACTIVE state

	2-31 
	RSTD reporting delay tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-32 
	RSTD reporting delay tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-33 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-34 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-35 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-36 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests with FH in RRC_ INACTIVE state

	2-37 
	RSTD reporting delay tests with FH in FR1 in RRC_INACTIVE
	

	2-38 
	RSTD reporting delay tests with FH in FR2 in RRC_INACTIVE
	

	2-39 
	PRS-RSRP reporting delay tests with FH in FR1 in RRC_INACTIVE
	

	2-40 
	PRS-RSRP reporting delay tests with FH in FR2 in RRC_INACTIVE
	

	2-41 
	UE Rx-Tx time difference reporting delay tests with FH in FR1 in RRC_INACTIVE
	

	2-42 
	UE Rx-Tx time difference reporting delay tests with FH in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests with FH with reduced samples in RRC_INACTIVE state

	2-43 
	RSTD reporting delay tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-44 
	RSTD reporting delay tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-45 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-46 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-47 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-48 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests without FH in RRC_CONNECTED state

	2-49 
	RSTD reporting delay tests without FH in FR1
	

	2-50 
	RSTD reporting delay tests without FH in FR2
	

	2-51 
	PRS-RSRP reporting delay tests without FH tests in FR1
	

	2-52 
	PRS-RSRP reporting delay tests without FH tests in FR2
	

	2-53 
	UE Rx-Tx time difference reporting delay without FH in FR1
	

	2-54 
	UE Rx-Tx time difference reporting delay without FH in FR2
	

	2-55 
	PRS-RSRPP reporting delay tests without FH in FR1
	

	2-56 
	PRS-RSRPP reporting delay tests without FH in FR2
	

	PRS measurement delay tests without FH with reduced samples in RRC_CONNECTED state

	2-57 
	RSTD reporting delay tests without FH with reduced samples in FR1
	

	2-58 
	RSTD reporting delay tests without FH with reduced samples in FR2
	

	2-59 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR1
	

	2-60 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR2
	

	2-61 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR1
	

	2-62 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR2
	

	2-63 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR1
	

	2-64 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR2
	

	PRS measurement delay tests with FH in RRC_CONNECTED state

	2-65 
	RSTD reporting delay tests with FH in FR1
	

	2-66 
	RSTD reporting delay tests with FH in FR2
	

	2-67 
	PRS-RSRP reporting delay tests with FH in FR1
	

	2-68 
	PRS-RSRP reporting delay tests with FH in FR2
	

	2-69 
	UE Rx-Tx time difference reporting delay tests with FH in FR1
	

	2-70 
	UE Rx-Tx time difference reporting delay tests with FH in FR2
	

	2-71 
	PRS-RSRPP reporting delay tests with FH in FR1
	

	2-72 
	PRS-RSRPP reporting delay tests with FH in FR2
	

	PRS measurement delay tests with FH with reduced samples in RRC_CONNECTED state

	2-73 
	RSTD reporting delay tests with FH with reduced samples in FR1
	

	2-74 
	RSTD reporting delay tests with FH with reduced samples in FR2
	

	2-75 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR1
	

	2-76 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR2
	

	2-77 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR1
	

	2-78 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR2
	

	2-79 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR1
	

	2-80 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR2
	

	PRS measurement delay tests with timing error group (TEG) in RRC_CONNECTED

	2-81 
	RSTD reporting delay tests with Rx TEG in FR1
	

	2-82 
	RSTD reporting delay tests with Rx TEG in FR2
	

	2-83 
	UE Rx-Tx reporting delay tests with RxTx TEG in FR1
	

	2-84 
	UE Rx-Tx reporting delay tests with RxTx TEG in FR2
	



Table 3. PRS measurement accuracy test case list
	Test case No.
	PRS measurement accuracy test case scenarios
	Impacted section 
in TS 38.133

	PRS measurement accuracy tests without FH in RRC_IDLE state

	3-1 
	RSTD accuracy tests without FH in FR1 in RRC_IDLE
	

	3-2 
	RSTD accuracy tests without FH in FR2 in RRC_IDLE
	

	3-3 
	PRS-RSRP accuracy tests without FH in FR1 in RRC_IDLE
	

	3-4 
	PRS-RSRP accuracy tests without FH in FR2 in RRC_IDLE
	

	3-5 
	PRS-RSRPP accuracy tests without FH in FR1 in RRC_IDLE
	

	3-6 
	PRS-RSRPP accuracy tests without FH in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests without FH with reduced samples in RRC_IDLE state

	3-7 
	RSTD accuracy tests without FH with reduced samples in FR1 in RRC_IDLE
	

	3-8 
	RSTD accuracy tests without FH with reduced samples in FR2 in RRC_IDLE
	

	3-9 
	PRS-RSRP accuracy tests without FH with reduced samples in FR1 in RRC_IDLE
	

	3-10 
	PRS-RSRP accuracy tests without FH with reduced samples in FR2 in RRC_IDLE
	

	3-11 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR1 in RRC_IDLE
	

	3-12 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests with FH in RRC_IDLE state

	3-13 
	RSTD accuracy tests with FH in FR1 in RRC_IDLE
	

	3-14 
	RSTD accuracy tests with FH in FR2 in RRC_IDLE
	

	3-15 
	PRS-RSRP accuracy tests with FH in FR1 in RRC_IDLE
	

	3-16 
	PRS-RSRP accuracy tests with FH in FR2 in RRC_IDLE
	

	3-17 
	PRS-RSRPP accuracy tests with FH in FR1 in RRC_IDLE
	

	3-18 
	PRS-RSRPP accuracy tests with FH in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests with FH with reduced samples in RRC_IDLE state

	3-19 
	RSTD accuracy tests with FH with reduced samples in FR1 in RRC_IDLE
	

	3-20 
	RSTD accuracy tests with FH with reduced samples in FR2 in RRC_IDLE
	

	3-21 
	PRS-RSRP accuracy tests with FH with reduced samples in FR1 in RRC_IDLE
	

	3-22 
	PRS-RSRP accuracy tests with FH with reduced samples in FR2 in RRC_IDLE
	

	3-23 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR1 in RRC_IDLE
	

	3-24 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests without FH in RRC_INACTIVE state

	3-25 
	RSTD accuracy tests without FH in FR1 in RRC_INACTIVE
	

	3-26 
	RSTD accuracy tests without FH in FR2 in RRC_INACTIVE
	

	3-27 
	PRS-RSRP accuracy tests without FH in FR1 in RRC_INACTIVE
	

	3-28 
	PRS-RSRP accuracy tests without FH in FR2 in RRC_INACTIVE
	

	3-29 
	UE Rx-Tx time difference accuracy tests without FH in FR1 in RRC_INACTIVE
	

	3-30 
	UE Rx-Tx time difference accuracy tests without FH in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests without FH with reduced samples in RRC_ INACTIVE state

	3-31 
	RSTD accuracy tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-32 
	RSTD accuracy tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-33 
	PRS-RSRP accuracy tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-34 
	PRS-RSRP accuracy tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-35 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-36 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests with FH in RRC_ INACTIVE state

	3-37 
	RSTD accuracy tests with FH in FR1 in RRC_INACTIVE
	

	3-38 
	RSTD accuracy tests with FH in FR2 in RRC_INACTIVE
	

	3-39 
	PRS-RSRP accuracy tests with FH in FR1 in RRC_INACTIVE
	

	3-40 
	PRS-RSRP accuracy tests with FH in FR2 in RRC_INACTIVE
	

	3-41 
	UE Rx-Tx time difference accuracy tests with FH in FR1 in RRC_INACTIVE
	

	3-42 
	UE Rx-Tx time difference accuracy tests with FH in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests with FH with reduced samples in RRC_INACTIVE state

	3-43 
	RSTD accuracy tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-44 
	RSTD accuracy tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-45 
	PRS-RSRP accuracy tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-46 
	PRS-RSRP accuracy tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-47 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-48 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests without FH in RRC_CONNECTED state

	3-49 
	RSTD accuracy tests without FH in FR1
	

	3-50 
	RSTD accuracy tests without FH in FR2
	

	3-51 
	PRS-RSRP accuracy tests without FH in FR1
	

	3-52 
	PRS-RSRP accuracy tests without FH in FR2
	

	3-53 
	UE Rx-Tx time difference accuracy tests without FH in FR1
	

	3-54 
	UE Rx-Tx time difference accuracy tests without FH in FR2
	

	3-55 
	PRS-RSRPP accuracy tests without FH in FR1
	

	3-56 
	PRS-RSRPP accuracy tests without FH in FR2
	

	PRS measurement accuracy tests without FH with reduced samples in RRC_CONNECTED state

	3-57 
	RSTD accuracy tests without FH with reduced samples in FR1
	

	3-58 
	RSTD accuracy tests without FH with reduced samples in FR2
	

	3-59 
	PRS-RSRP accuracy tests without FH with reduced samples in FR1
	

	3-60 
	PRS-RSRP accuracy tests without FH with reduced samples in FR2
	

	3-61 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR1
	

	3-62 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR2
	

	3-63 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR1
	

	3-64 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR2
	

	PRS measurement accuracy tests with FH in RRC_CONNECTED state

	3-65 
	RSTD accuracy tests with FH in FR1
	

	3-66 
	RSTD accuracy tests with FH in FR2
	

	3-67 
	PRS-RSRP accuracy tests with FH in FR1
	

	3-68 
	PRS-RSRP accuracy tests with FH in FR2
	

	3-69 
	UE Rx-Tx time difference accuracy tests with FH in FR1
	

	3-70 
	UE Rx-Tx time difference accuracy tests with FH in FR2
	

	3-71 
	PRS-RSRPP accuracy tests with FH in FR1
	

	3-72 
	PRS-RSRPP accuracy tests with FH in FR2
	

	PRS measurement accuracy tests with FH with reduced samples in RRC_CONNECTED state

	3-73 
	RSTD accuracy tests with FH with reduced samples in FR1
	

	3-74 
	RSTD accuracy tests with FH with reduced samples in FR2
	

	3-75 
	PRS-RSRP accuracy tests with FH with reduced samples in FR1
	

	3-76 
	PRS-RSRP accuracy tests with FH with reduced samples in FR2
	

	3-77 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR1
	

	3-78 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR2
	

	3-79 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR1
	

	3-80 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR2
	

	PRS measurement accuracy tests with timing error group (TEG) in RRC_CONNECTED

	3-81 
	RSTD accuracy tests with Rx TEG in FR1
	

	3-82 
	RSTD accuracy tests with Rx TEG in FR2
	

	3-83 
	UE Rx-Tx accuracy tests with RxTx TEG in FR1 
	

	3-84 
	UE Rx-Tx accuracy tests with RxTx TEG in FR2
	


Conclusions
This paper discussed the performance requirements and test cases for RedCap UE positioning, and the following proposals are provided: 
Proposal 1: The brackets in the side conditions for 1Rx without FH under fading propagation condition can be removed, i.e., the side conditions should be:
•	 RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
•	 UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
•	 PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
• 	PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 2: One accuracy requirement table is used for measurements without FH and with FH, i.e., do not differentiate FH when defining accuracy requirements. 
Proposal 3: New accuracy requirements need to be defined for large bandwidths for each SCS configuration to cover FH cases. 
Proposal 4: For 1Rx RedCap UE, new accuracy requirements are defined based on simulation results under the agreed side conditions. 
Proposal 5: For 2Rx RedCap UE, Rel-17 accuracy requirements are reused for applicable BW for both AWGN and fading channel in FR1 and FR2. 
Proposal 6: The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation: , where, 
·  is the configured BW for PRS.
·  is the number of RBs per hop.
·  is number of hops.
·  is the number of overlapping RBs between hops.
Proposal 7: Similar test cases to the ones defined for normal UE should be defined. Detailed lists are provided in the tables below. Test case list for requirements with FH are also provided. 
Table 2. PRS measurement reporting delay test case list
	Test case No.
	PRS measurement delay test case scenarios
	Impacted section 
in TS 38.133

	PRS measurement delay tests without FH in RRC_IDLE state

	2-1 
	RSTD reporting delay tests without FH in FR1 in RRC_IDLE
	

	2-2 
	RSTD reporting delay tests without FH in FR2 in RRC_IDLE
	

	2-3 
	PRS-RSRP reporting delay tests without FH in FR1 in RRC_IDLE
	

	2-4 
	PRS-RSRP reporting delay tests without FH in FR2 in RRC_IDLE
	

	2-5 
	PRS-RSRPP reporting delay tests without FH in FR1 in RRC_IDLE
	

	2-6 
	PRS-RSRPP reporting delay tests without FH in FR2 in RRC_IDLE
	

	PRS measurement delay tests without FH with reduced samples in RRC_IDLE state

	2-7 
	RSTD reporting delay tests without FH with reduced samples in FR1 in RRC_IDLE
	

	2-8 
	RSTD reporting delay tests without FH with reduced samples in FR2 in RRC_IDLE
	

	2-9 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR1 in RRC_IDLE
	

	2-10 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR2 in RRC_IDLE
	

	2-11 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR1 in RRC_IDLE
	

	2-12 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement delay tests with FH in RRC_IDLE state

	2-13 
	RSTD reporting delay tests with FH in FR1 in RRC_IDLE
	

	2-14 
	RSTD reporting delay tests with FH in FR2 in RRC_IDLE
	

	2-15 
	PRS-RSRP reporting delay tests with FH in FR1 in RRC_IDLE
	

	2-16 
	PRS-RSRP reporting delay tests with FH in FR2 in RRC_IDLE
	

	2-17 
	PRS-RSRPP reporting delay tests with FH in FR1 in RRC_IDLE
	

	2-18 
	PRS-RSRPP reporting delay tests with FH in FR2 in RRC_IDLE
	

	PRS measurement delay tests with FH with reduced samples in RRC_IDLE state

	2-19 
	RSTD reporting delay tests with FH with reduced samples in FR1 in RRC_IDLE
	

	2-20 
	RSTD reporting delay tests with FH with reduced samples in FR2 in RRC_IDLE
	

	2-21 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR1 in RRC_IDLE
	

	2-22 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR2 in RRC_IDLE
	

	2-23 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR1 in RRC_IDLE
	

	2-24 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement delay tests without FH in RRC_INACTIVE state

	2-25 
	RSTD reporting delay tests without FH in FR1 in RRC_INACTIVE
	

	2-26 
	RSTD reporting delay tests without FH in FR2 in RRC_INACTIVE
	

	2-27 
	PRS-RSRP reporting delay tests without FH in FR1 in RRC_INACTIVE
	

	2-28 
	PRS-RSRP reporting delay tests without FH in FR2 in RRC_INACTIVE
	

	2-29 
	UE Rx-Tx time difference reporting delay tests without FH in FR1 in RRC_INACTIVE
	

	2-30 
	UE Rx-Tx time difference reporting delay tests without FH in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests without FH with reduced samples in RRC_ INACTIVE state

	2-31 
	RSTD reporting delay tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-32 
	RSTD reporting delay tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-33 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-34 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-35 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-36 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests with FH in RRC_ INACTIVE state

	2-37 
	RSTD reporting delay tests with FH in FR1 in RRC_INACTIVE
	

	2-38 
	RSTD reporting delay tests with FH in FR2 in RRC_INACTIVE
	

	2-39 
	PRS-RSRP reporting delay tests with FH in FR1 in RRC_INACTIVE
	

	2-40 
	PRS-RSRP reporting delay tests with FH in FR2 in RRC_INACTIVE
	

	2-41 
	UE Rx-Tx time difference reporting delay tests with FH in FR1 in RRC_INACTIVE
	

	2-42 
	UE Rx-Tx time difference reporting delay tests with FH in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests with FH with reduced samples in RRC_INACTIVE state

	2-43 
	RSTD reporting delay tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-44 
	RSTD reporting delay tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-45 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-46 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	2-47 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	2-48 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests without FH in RRC_CONNECTED state

	2-49 
	RSTD reporting delay tests without FH in FR1
	

	2-50 
	RSTD reporting delay tests without FH in FR2
	

	2-51 
	PRS-RSRP reporting delay tests without FH tests in FR1
	

	2-52 
	PRS-RSRP reporting delay tests without FH tests in FR2
	

	2-53 
	UE Rx-Tx time difference reporting delay without FH in FR1
	

	2-54 
	UE Rx-Tx time difference reporting delay without FH in FR2
	

	2-55 
	PRS-RSRPP reporting delay tests without FH in FR1
	

	2-56 
	PRS-RSRPP reporting delay tests without FH in FR2
	

	PRS measurement delay tests without FH with reduced samples in RRC_CONNECTED state

	2-57 
	RSTD reporting delay tests without FH with reduced samples in FR1
	

	2-58 
	RSTD reporting delay tests without FH with reduced samples in FR2
	

	2-59 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR1
	

	2-60 
	PRS-RSRP reporting delay tests without FH with reduced samples in FR2
	

	2-61 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR1
	

	2-62 
	UE Rx-Tx time difference reporting delay tests without FH with reduced samples in FR2
	

	2-63 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR1
	

	2-64 
	PRS-RSRPP reporting delay tests without FH with reduced samples in FR2
	

	PRS measurement delay tests with FH in RRC_CONNECTED state

	2-65 
	RSTD reporting delay tests with FH in FR1
	

	2-66 
	RSTD reporting delay tests with FH in FR2
	

	2-67 
	PRS-RSRP reporting delay tests with FH in FR1
	

	2-68 
	PRS-RSRP reporting delay tests with FH in FR2
	

	2-69 
	UE Rx-Tx time difference reporting delay tests with FH in FR1
	

	2-70 
	UE Rx-Tx time difference reporting delay tests with FH in FR2
	

	2-71 
	PRS-RSRPP reporting delay tests with FH in FR1
	

	2-72 
	PRS-RSRPP reporting delay tests with FH in FR2
	

	PRS measurement delay tests with FH with reduced samples in RRC_CONNECTED state

	2-73 
	RSTD reporting delay tests with FH with reduced samples in FR1
	

	2-74 
	RSTD reporting delay tests with FH with reduced samples in FR2
	

	2-75 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR1
	

	2-76 
	PRS-RSRP reporting delay tests with FH with reduced samples in FR2
	

	2-77 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR1
	

	2-78 
	UE Rx-Tx time difference reporting delay tests with FH with reduced samples in FR2
	

	2-79 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR1
	

	2-80 
	PRS-RSRPP reporting delay tests with FH with reduced samples in FR2
	

	PRS measurement delay tests with timing error group (TEG) in RRC_CONNECTED

	2-81 
	RSTD reporting delay tests with Rx TEG in FR1
	

	2-82 
	RSTD reporting delay tests with Rx TEG in FR2
	

	2-83 
	UE Rx-Tx reporting delay tests with RxTx TEG in FR1
	

	2-84 
	UE Rx-Tx reporting delay tests with RxTx TEG in FR2
	



Table 3. PRS measurement accuracy test case list
	TC No.
	PRS measurement accuracy test case scenarios
	Impacted section 
in TS 38.133

	PRS measurement accuracy tests without FH in RRC_IDLE state

	3-1 
	RSTD accuracy tests without FH in FR1 in RRC_IDLE
	

	3-2 
	RSTD accuracy tests without FH in FR2 in RRC_IDLE
	

	3-3 
	PRS-RSRP accuracy tests without FH in FR1 in RRC_IDLE
	

	3-4 
	PRS-RSRP accuracy tests without FH in FR2 in RRC_IDLE
	

	3-5 
	PRS-RSRPP accuracy tests without FH in FR1 in RRC_IDLE
	

	3-6 
	PRS-RSRPP accuracy tests without FH in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests without FH with reduced samples in RRC_IDLE state

	3-7 
	RSTD accuracy tests without FH with reduced samples in FR1 in RRC_IDLE
	

	3-8 
	RSTD accuracy tests without FH with reduced samples in FR2 in RRC_IDLE
	

	3-9 
	PRS-RSRP accuracy tests without FH with reduced samples in FR1 in RRC_IDLE
	

	3-10 
	PRS-RSRP accuracy tests without FH with reduced samples in FR2 in RRC_IDLE
	

	3-11 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR1 in RRC_IDLE
	

	3-12 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests with FH in RRC_IDLE state

	3-13 
	RSTD accuracy tests with FH in FR1 in RRC_IDLE
	

	3-14 
	RSTD accuracy tests with FH in FR2 in RRC_IDLE
	

	3-15 
	PRS-RSRP accuracy tests with FH in FR1 in RRC_IDLE
	

	3-16 
	PRS-RSRP accuracy tests with FH in FR2 in RRC_IDLE
	

	3-17 
	PRS-RSRPP accuracy tests with FH in FR1 in RRC_IDLE
	

	3-18 
	PRS-RSRPP accuracy tests with FH in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests with FH with reduced samples in RRC_IDLE state

	3-19 
	RSTD accuracy tests with FH with reduced samples in FR1 in RRC_IDLE
	

	3-20 
	RSTD accuracy tests with FH with reduced samples in FR2 in RRC_IDLE
	

	3-21 
	PRS-RSRP accuracy tests with FH with reduced samples in FR1 in RRC_IDLE
	

	3-22 
	PRS-RSRP accuracy tests with FH with reduced samples in FR2 in RRC_IDLE
	

	3-23 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR1 in RRC_IDLE
	

	3-24 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR2 in RRC_IDLE
	

	PRS measurement accuracy tests without FH in RRC_INACTIVE state

	3-25 
	RSTD accuracy tests without FH in FR1 in RRC_INACTIVE
	

	3-26 
	RSTD accuracy tests without FH in FR2 in RRC_INACTIVE
	

	3-27 
	PRS-RSRP accuracy tests without FH in FR1 in RRC_INACTIVE
	

	3-28 
	PRS-RSRP accuracy tests without FH in FR2 in RRC_INACTIVE
	

	3-29 
	UE Rx-Tx time difference accuracy tests without FH in FR1 in RRC_INACTIVE
	

	3-30 
	UE Rx-Tx time difference accuracy tests without FH in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests without FH with reduced samples in RRC_ INACTIVE state

	3-31 
	RSTD accuracy tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-32 
	RSTD accuracy tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-33 
	PRS-RSRP accuracy tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-34 
	PRS-RSRP accuracy tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-35 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-36 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests with FH in RRC_ INACTIVE state

	3-37 
	RSTD accuracy tests with FH in FR1 in RRC_INACTIVE
	

	3-38 
	RSTD accuracy tests with FH in FR2 in RRC_INACTIVE
	

	3-39 
	PRS-RSRP accuracy tests with FH in FR1 in RRC_INACTIVE
	

	3-40 
	PRS-RSRP accuracy tests with FH in FR2 in RRC_INACTIVE
	

	3-41 
	UE Rx-Tx time difference accuracy tests with FH in FR1 in RRC_INACTIVE
	

	3-42 
	UE Rx-Tx time difference accuracy tests with FH in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests with FH with reduced samples in RRC_INACTIVE state

	3-43 
	RSTD accuracy tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-44 
	RSTD accuracy tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-45 
	PRS-RSRP accuracy tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-46 
	PRS-RSRP accuracy tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	3-47 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR1 in RRC_INACTIVE
	

	3-48 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests without FH in RRC_CONNECTED state

	3-49 
	RSTD accuracy tests without FH in FR1
	

	3-50 
	RSTD accuracy tests without FH in FR2
	

	3-51 
	PRS-RSRP accuracy tests without FH in FR1
	

	3-52 
	PRS-RSRP accuracy tests without FH in FR2
	

	3-53 
	UE Rx-Tx time difference accuracy tests without FH in FR1
	

	3-54 
	UE Rx-Tx time difference accuracy tests without FH in FR2
	

	3-55 
	PRS-RSRPP accuracy tests without FH in FR1
	

	3-56 
	PRS-RSRPP accuracy tests without FH in FR2
	

	PRS measurement accuracy tests without FH with reduced samples in RRC_CONNECTED state

	3-57 
	RSTD accuracy tests without FH with reduced samples in FR1
	

	3-58 
	RSTD accuracy tests without FH with reduced samples in FR2
	

	3-59 
	PRS-RSRP accuracy tests without FH with reduced samples in FR1
	

	3-60 
	PRS-RSRP accuracy tests without FH with reduced samples in FR2
	

	3-61 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR1
	

	3-62 
	UE Rx-Tx time difference accuracy tests without FH with reduced samples in FR2
	

	3-63 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR1
	

	3-64 
	PRS-RSRPP accuracy tests without FH with reduced samples in FR2
	

	PRS measurement accuracy tests with FH in RRC_CONNECTED state

	3-65 
	RSTD accuracy tests with FH in FR1
	

	3-66 
	RSTD accuracy tests with FH in FR2
	

	3-67 
	PRS-RSRP accuracy tests with FH in FR1
	

	3-68 
	PRS-RSRP accuracy tests with FH in FR2
	

	3-69 
	UE Rx-Tx time difference accuracy tests with FH in FR1
	

	3-70 
	UE Rx-Tx time difference accuracy tests with FH in FR2
	

	3-71 
	PRS-RSRPP accuracy tests with FH in FR1
	

	3-72 
	PRS-RSRPP accuracy tests with FH in FR2
	

	PRS measurement accuracy tests with FH with reduced samples in RRC_CONNECTED state

	3-73 
	RSTD accuracy tests with FH with reduced samples in FR1
	

	3-74 
	RSTD accuracy tests with FH with reduced samples in FR2
	

	3-75 
	PRS-RSRP accuracy tests with FH with reduced samples in FR1
	

	3-76 
	PRS-RSRP accuracy tests with FH with reduced samples in FR2
	

	3-77 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR1
	

	3-78 
	UE Rx-Tx time difference accuracy tests with FH with reduced samples in FR2
	

	3-79 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR1
	

	3-80 
	PRS-RSRPP accuracy tests with FH with reduced samples in FR2
	

	PRS measurement accuracy tests with timing error group (TEG) in RRC_CONNECTED

	3-81 
	RSTD accuracy tests with Rx TEG in FR1
	

	3-82 
	RSTD accuracy tests with Rx TEG in FR2
	

	3-83 
	UE Rx-Tx accuracy tests with RxTx TEG in FR1 
	

	3-84 
	UE Rx-Tx accuracy tests with RxTx TEG in FR2
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Appendix A: RAN4 agreements related to Performance Part
RAN4#106bis
	Issue 2-2-1: Side conditions for 2Rx without FH:
Agreements:
· The side conditions (PRS Es/Iot) defined in Rel-17 are reused for defining corresponding PRS requirements for 2Rx RedCap UE without FH. 
Issue 2-2-2: Side conditions for 1Rx without FH:
Agreements:
· Side conditions for 1Rx without FH
· For AWGN channel, re-use the Rel-17 side conditions, and relax accuracy requirements
· The agreement applies for 4 measurement samples case. FFS if it applies for lower number of samples.
· FFS for fading channel
· Option 1: Reuse Rel-17 side conditions and relax accuracy requirements
· Option 2: Reuse approximately Rel-17 accuracy requirements and relax the side condition
Note: Updated simulation assumptions to address open issues are discussed under issue 2-2-8.
Issue 2-2-5: PRS measurement accuracy for 2Rx without FH:
Agreements:
· PRS measurement accuracy to be addressed under performance part of the WI.
Issue 2-2-7: PRS measurement accuracy: without reduced number of samples for 1Rx without FH:
Agreements:
· PRS measurement accuracy to be discussed and defined under performance part of the WI.
Issue 2-2-8: Updated simulation assumptions: with and without reduced number of samples for 1Rx without FH:
Agreements:
· Updated simulation assumptions to account for at least the open issues identified under issue 2-2-3 are approved in R4-2306350.
Issue 2-2-9: Updated simulation assumptions: with and without reduced number of samples for 1Rx without FH:
Agreements:
· PRS measurement accuracy to be discussed and defined under performance part of the WI.



RAN4#107
	Issue 2-2-1: Side conditions for 1Rx without FH:
Agreements:
· For AWGN channel
· Re-use the Rel-17 side conditions for both 1 and 4 measurement samples
· For fading channel use two side conditions for the neighbor cell to define requirements
· Condition #1: -3 dB (for Rx-Tx and RSRP only)
· Condition #2:
· Option 1: -10 dB
· Option 2: -6 dB
Note: Updated simulation assumptions in R4-2310075 to identify side conditions in fading.



RAN4#108
	Issue 2-2-1: Side conditions for 1Rx without FH
In RAN4#108, following was agreed in the WF in R4-2314353:
•	RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, [-10], [-10]) dB.
•	UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
•	PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
•	PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
Issue 2-4-1: PRS measurement report mapping for RedCap with and without FH
Agreements:
Existing measurement report mapping table is re-used to report positioning measurements performed by RedCap UE with and without FH.



RAN4#109
	Issue 2-3-1: Side conditions for PRS measurements with FH
Agreements:
· The side conditions for positioning measurements without FH are reused for positioning measurements with FH.
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