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Introduction
In RAN4#109 meeting, RAN4 discussed RRM impacts of PRS/SRS bandwidth aggregation with conclusions captured in [1] and the core part was finalized. In this paper, we will start to discuss the performance requirements for PRS/SRS bandwidth aggregation. 
Discussion
Side conditions and Accuracy requirements
In the lasting meeting, a simulation assumption was provided to verify the performance of PRS bandwidth aggregation [2]. We also submitted simulation results captured in R4-2400199 [3]. Based on our simulation results, the Rel-17 side conditions for RSTD and UE Rx-Tx time difference can be reused, while the accuracy requirements can be defined based on the simulation results submitted by all companies. 
Proposal 1: The Rel-17 side conditions for RSTD and UE Rx-Tx time difference can be reused for PRS based positioning measurement with bandwidth aggregation. 
Proposal 2: The accuracy requirements can be defined based on the simulation results submitted by all companies with Rel-17 side conditions used. 
Applicable bandwidth for accuracy measurements
According to the UE feature list provided by RAN1 after RAN1#115 meeting [4], the possible aggregated bandwidth for 2 or 3 aggregated PFLs are shown below: 
Table 1. Possible maximum aggregated bandwidth for 
bandwidth aggregation in RAN1 UE features list
	UE feature index
	UE feature
	Note

	41-4-1 
	DL PRS processing capabilities for aggregated PRS processing of 2 PFLs in intra-band contiguous within a MG for RRC_CONNECTED
	1. Maximum aggregated DL PRS bandwidth in MHz, which is supported and reported by UE.
Component 1 candidate values:
a) FR1 bands: {10, 20, 40, 50, 80, 100, 160, 200}
b) FR2 bands: {100, 200, 400, 800}

	41-4-1a
	DL PRS processing capabilities for aggregated PRS processing of 3 PFLs in intra-band contiguous within a MG for RRC_CONNECTED
	1. Maximum aggregated DL PRS bandwidth in MHz, which is supported and reported by UE.
Component 1 candidate values:
a) FR1 bands: {15, 20, 30, 40, 50, 60, 80, 100, 120, 140, 150, 160, 180, 200, 240, 300}
b) FR2 bands: {150, 200, 300, 400, 600, 800, 1000, 1200}


The UE processing capability in RRC_IDLE and RRC_INACTIVE states is the same. In our opinion, some of the values for total aggregated bandwidth in the above table can be chosen to define accuracy requirements. 
Proposal 3: Some of the possible maximum aggregated bandwidth in the latest RAN1 UE features list can be chosen to define accuracy requirements. 
Number of PFLs for accuracy measurements
Looking at the UE feature 41-4-1 and 41-4-1a in the same frequency range in the Table 1, some values are the same. In our opinion, there is no need to differentiate the number of aggregated PFLs when defining accuracy requirements, i.e., one accuracy requirement table can be shared for both 2 aggregated PFLs and 3 aggregated PFLs. 
Proposal 4: No need to differentiate the number of aggregated PFLs when defining accuracy requirements, i.e., one accuracy requirement table can be shared for both 2 aggregated PFLs and 3 aggregated PFLs. 
Negative k values used for other positioning measurements
In RAN4#108 and #108bis meetings, negative k values, {-1, -2, -3, -4, -5, -6}, were defined for measurement reporting with bandwidth aggregation. In RAN1#115 meeting, the following agreement is made and sent to RAN4 [5]: 
	[bookmark: _GoBack]Agreement
The new ReportingGranularityfactor also supports k = {-3, -4, -5, -6} in addition to {-1, -2} 
· These k values are applicable for timing measurements for all applicable positioning methods
· Support for both DL and UL
· Support for both FR1 and FR2
· Reply the RAN4 LS R1-2310797, and CC to RAN2 and RAN3.


Hence, RAN4 should define new reporting tables with k = {-1, -2, -3, -4, -5, -6} for timing measurements for other applicable positioning scenarios, e.g., RedCap UE positioning and Sidelink positioning. And no need to reply this LS. 
Proposal 5: RAN4 should define new reporting tables with k = {-1, -2, -3, -4, -5, -6} for timing measurements for other applicable positioning scenarios, e.g., RedCap UE positioning and Sidelink positioning. And no need to reply this LS.
Test cases
During the discussions for core requirements, the measurement period requirements for RSTD and UE Rx-Tx time difference are defined for RRC_INACTIVE and RRC_CONNECTED states. Besides, the corresponding accuracy requirements will be defined in performance part. Hence, the test cases to verify these newly defined requirements are necessary. Since the measurement requirements for bandwidth aggregation are mainly based on legacy ones, the existing test cases for positioning can be used as baseline. 
Proposal 6: The existing test cases for positioning can be used as baseline. Different number of aggregated PFLs / total aggregated bandwidth should be considered when specifying configurations. The test case lists are 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 with bandwidth aggregation in RRC_INACTIVE state

	2-1 
	RSTD reporting delay tests with bandwidth aggregation in FR1 in RRC_INACTIVE
	

	2-2 
	RSTD reporting delay tests with bandwidth aggregation in FR2 in RRC_INACTIVE
	

	2-3 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR1 in RRC_ INACTIVE
	

	2-4 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR2 in RRC_ INACTIVE
	

	PRS measurement delay tests with bandwidth aggregation with reduced samples in RRC_INACTIVE state

	2-5 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	2-6 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	2-7 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	2-8 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests with bandwidth aggregation in RRC_CONNECTED state

	2-9 
	RSTD reporting delay tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	2-10 
	RSTD reporting delay tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	2-11 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	2-12 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	PRS measurement delay tests with bandwidth aggregation with reduced samples in RRC_CONNECTED state

	2-13 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	2-14 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

	2-15 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	2-16 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

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

	2-17 
	RSTD reporting delay tests with Rx TEG in FR1
	

	2-18 
	RSTD reporting delay tests with Rx TEG in FR2
	

	2-19 
	UE Rx-Tx time difference reporting delay tests with RxTx TEG in FR1
	

	2-20 
	UE Rx-Tx time difference 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 with bandwidth aggregation in RRC_INACTIVE state

	3-1 
	RSTD accuracy tests with bandwidth aggregation in FR1 in RRC_INACTIVE
	

	3-2 
	RSTD accuracy tests with bandwidth aggregation in FR2 in RRC_INACTIVE
	

	3-3 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR1 in RRC_ INACTIVE
	

	3-4 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR2 in RRC_ INACTIVE
	

	PRS measurement accuracy tests with bandwidth aggregation with reduced samples in RRC_INACTIVE state

	3-5 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	3-6 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	3-7 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	3-8 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests with bandwidth aggregation in RRC_CONNECTED state

	3-9 
	RSTD accuracy tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	3-10 
	RSTD accuracy tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	3-11 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	3-12 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	PRS measurement accuracy tests with bandwidth aggregation with reduced samples in RRC_CONNECTED state

	3-13 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	3-14 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

	3-15 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	3-16 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

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

	3-17 
	RSTD accuracy tests with Rx TEG in FR1
	

	3-18 
	RSTD accuracy tests with Rx TEG in FR2
	

	3-19 
	UE Rx-Tx time difference accuracy tests with RxTx TEG in FR1
	

	3-20 
	UE Rx-Tx time difference accuracy tests with RxTx TEG in FR2
	


Conclusions
This paper discussed the general issues for RedCap UE positioning, and the following proposals are provided:
Proposal 1: The Rel-17 side conditions for RSTD and UE Rx-Tx time difference can be reused for PRS based positioning measurement with bandwidth aggregation. 
Proposal 2: The accuracy requirements can be defined based on the simulation results submitted by all companies with Rel-17 side conditions used. 
Proposal 3: Some of the possible maximum aggregated bandwidth in the latest RAN1 UE features list can be chosen to define accuracy requirements. 
Proposal 4: No need to differentiate the number of aggregated PFLs when defining accuracy requirements, i.e., one accuracy requirement table can be shared for both 2 aggregated PFLs and 3 aggregated PFLs. 
Proposal 5: RAN4 should define new reporting tables with k = {-1, -2, -3, -4, -5, -6} for timing measurements for other applicable positioning scenarios, e.g., RedCap UE positioning and Sidelink positioning. And no need to reply this LS.
Proposal 6: The existing test cases for positioning can be used as baseline. Different number of aggregated PFLs / total aggregated bandwidth should be considered when specifying configurations. The test case lists are 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 with bandwidth aggregation in RRC_INACTIVE state

	2-1 
	RSTD reporting delay tests with bandwidth aggregation in FR1 in RRC_INACTIVE
	

	2-2 
	RSTD reporting delay tests with bandwidth aggregation in FR2 in RRC_INACTIVE
	

	2-3 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR1 in RRC_ INACTIVE
	

	2-4 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR2 in RRC_ INACTIVE
	

	PRS measurement delay tests with bandwidth aggregation with reduced samples in RRC_INACTIVE state

	2-5 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	2-6 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	2-7 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	2-8 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement delay tests with bandwidth aggregation in RRC_CONNECTED state

	2-9 
	RSTD reporting delay tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	2-10 
	RSTD reporting delay tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	2-11 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	2-12 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	PRS measurement delay tests with bandwidth aggregation with reduced samples in RRC_CONNECTED state

	2-13 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	2-14 
	RSTD reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

	2-15 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	2-16 
	UE Rx-Tx time difference reporting delay tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

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

	2-17 
	RSTD reporting delay tests with Rx TEG in FR1
	

	2-18 
	RSTD reporting delay tests with Rx TEG in FR2
	

	2-19 
	UE Rx-Tx time difference reporting delay tests with RxTx TEG in FR1
	

	2-20 
	UE Rx-Tx time difference 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 with bandwidth aggregation in RRC_INACTIVE state

	3-1 
	RSTD accuracy tests with bandwidth aggregation in FR1 in RRC_INACTIVE
	

	3-2 
	RSTD accuracy tests with bandwidth aggregation in FR2 in RRC_INACTIVE
	

	3-3 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR1 in RRC_ INACTIVE
	

	3-4 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR2 in RRC_ INACTIVE
	

	PRS measurement accuracy tests with bandwidth aggregation with reduced samples in RRC_INACTIVE state

	3-5 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	3-6 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	3-7 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_INACTIVE
	

	3-8 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_INACTIVE
	

	PRS measurement accuracy tests with bandwidth aggregation in RRC_CONNECTED state

	3-9 
	RSTD accuracy tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	3-10 
	RSTD accuracy tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	3-11 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR1 in RRC_CONNECTED
	

	3-12 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation in FR2 in RRC_CONNECTED
	

	PRS measurement accuracy tests with bandwidth aggregation with reduced samples in RRC_CONNECTED state

	3-13 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	3-14 
	RSTD accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

	3-15 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR1 in RRC_CONNECTED
	

	3-16 
	UE Rx-Tx time difference accuracy tests with bandwidth aggregation with reduced samples in FR2 in RRC_CONNECTED
	

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

	3-17 
	RSTD accuracy tests with Rx TEG in FR1
	

	3-18 
	RSTD accuracy tests with Rx TEG in FR2
	

	3-19 
	UE Rx-Tx time difference accuracy tests with RxTx TEG in FR1
	

	3-20 
	UE Rx-Tx time difference accuracy tests with RxTx TEG in FR2
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