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Introduction
In RAN4#108 meeting, RAN4 has discussed RRM impacts of PRS/SRS bandwidth aggregation with conclusions captured in [1]. RAN1#114 meeting also made some progress in PRS/SRS bandwidth aggregation [2]. In this paper, we will further discuss the potential RRM requirements for PRS/SRS bandwidth aggregation.
Discussion
RAN1 reply LS
A RAN1 reply LS [3] response to R4-2310076 was received. In the reply LS, RAN1 requests RAN4 to capture the condition of single RF chain (same antenna) in RAN4’s spec as RAN1 specs do not have the definition for RF chain and antenna: 
	With regards to the following RAN4’s request, RAN1 kindly request RAN4 to capture the condition of single RF chain (same antenna) in RAN4’s specification as RAN1specifications do not have the definition for RF chain and antenna. 
	In addition, RAN4 would like to request RAN1 to capture bandwidth aggregation procedure for positioning measurement based on the conditions below in one of the relevant RAN1 specifications.
· PRS/SRS resources to be aggregated are transmitted by TRP/UE from intra-band contiguous carriers using single RF chain (same antenna).
· PRS/SRS resources to be aggregated are received by UE/TRP using single RF chain (same antenna).





We think these conditions can be captured in RAN4 specs in applicability section together with our proposal 2 in Issue 2-1-1. The detailed document structure and text can be discussed in CR session.
Proposal 1: RAN4 to capture the condition of single RF chain (same antenna) in applicability clause in RAN4 specs. Details discussed in CR session.
PRS measurements for PRS/SRS bandwidth aggregation
Issue 2-1-1: Conditions for PRS/SRS bandwidth aggregation requirements
Regarding the conditions for PRS/SRS bandwidth aggregation requirements, some proposals have been made which are copied below. These two proposals are not mutual exclusive since the second option is based on RAN1 agreements.
	· Proposals
· Option 1: ZTE, OPPO
· The conditions for PRS/SRS bandwidth aggregation agreed in RAN1 could be used as baseline for defining RRM requirements in RAN4.
· Option 2: HW
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.


In RAN1#114 meeting, the following condition is agreed for PRS bandwidth aggregation. Hence, we think the option 2 above and the latest RAN1 agreement can be used as conditions for PRS/SRS bandwidth aggregation requirements.
	Agreement
For PRS bandwidth aggregation, RAN1’s agreement is that the linked PRS resource sets from two or three PFLs should be from the same TRP. RAN1 kindly requests RAN2 to capture the condition of the same TRP in RAN2 specifications for PRS bandwidth aggregation.


Proposal 2: Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Issue 2-1-2: Impact of PRS/SRS resource dropping on PRS/SRS bandwidth aggregation requirement
In RAN1#114 meeting, RAN1 reached the following agreements on PRS resource dropping. When PRS collides with other high priority signals, how the UE performs positioning measurements depends on UE implementation. Besides, RAN1 thinks it is up to RAN4 to decide whether or not to define performance requirements for the case when PRS in one of aggregated PFL is dropped because of collision with other signals. A similar agreement on SRS dropping is made. We think when collision occurs, the PRS measurement period could be longer, and there should be a minimum accuracy threshold to ensure the PRS measurement accuracy. The details can be discussed in Performance part. 
	Agreement – RAN1#114
For the case when PRS in one of aggregated PFL is dropped because of collision with other signals, for LMF based positioning, it is up to UE implementation to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs.
· Note: it is up to RAN4 whether or not to define performance requirements for this case of collision with other signals
Agreement – RAN1#114
In RRC_CONNECTED state, for positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, stop SRS transmission in all aggregated carriers in the same symbol


Observation 1: Positioning measurements are left to UE implementation when PRS collides with other high priority signals and whether to define accuracy requirements is also left to RAN4.
Proposal 3: Minimum measurement requirements should be defined to ensure the PRS measurement accuracy when collisions occur. 
Issue 2-1-3: Scheduling availability for PRS/SRS bandwidth aggregation
In order to avoid aggregated PRS/SRS collisions with other signals as much as possible and to apply the dropping rules agreed in RAN1 when collisions occur, the dropping rules and the priority relation between aggregated PRS/SRS resources and other signals need to be captured in scheduling availability clause in RAN4 spec.
Proposal 4: The priority relation between aggregated PRS/SRS resources and other signals and the dropping rules need to be captured in scheduling availability in RAN4 spec. 
Issue 2-1-4: Interruption for SRS bandwidth aggregation
When implementing aggregated SRS transmission for positioning, 2 or 3 intra-band carriers will be configured and scheduled, which may result in an interruption. The procedure to schedule multiple carriers is similar to SRS carrier switching. Hence, the interruption for SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 [4] can be reused for the interruption caused by SRS bandwidth aggregation. The detailed interruption time can be further determined based on RF session conclusions. 
	8.2.2.2.9	Interruptions at NR SRS carrier based switching
SRS transmission can be configured on a carrier not configured for PUCCH/PUSCH transmission. When a UE needs to transmit periodic, semi-persistent or aperiodic SRS on a carrier of a serving cell not configured for PUCCH/PUSCH transmission, the UE can perform carrier based switching to one or more carriers not configured for PUCCH/PUSCH transmission from a carrier with PUCCH/PUSCH transmission or from a carrier not configured for PUCCH/PUSCH transmission prior to transmitting SRS, provided that:
-	switching is from a configured carrier to another activated carrier;
-	the carrier of SCells not configured for PUCCH/PUSCH transmission to which SRS carrier based switching is performed is indicated by DCI SRS request field for aperiodic SRS transmission, or indicated by MAC-CE for semi-persistent SRS transmission, or configured via RRC for periodic SRS transmission;
-	the serving cell, from which SRS carrier based switching is performed and whose UL transmission may therefore be interrupted, is indicated by srs-SwitchFromServCellIndex and srs-SwitchFromCarrier in TS38.331 [2];
-	the SRS switching is not colliding with any other transmission with higher priority defined in TS 38.214 [26].
-	the SRS switching is not colliding with any SSB/CSI-RS based L3 measurements and the measurements for RLM/BFD.
-	for UE, which does not support simultaneous reception and transmission for inter-band TDD CA specified in TS 38.331 [2], and is compliant to the requirements for inter-band CA with uplink in one NR band and without simultaneous Rx/Tx specified in TS 38.101-1 [18] for frequency range 1 and TS 38.101-2 [19] for frequency range 2, the SRS transmission are not simultaneously scheduled with DL SSB/CSI-RS for L3 or L1 measurements transmission on other carriers.
The UE shall not perform SRS carrier based switching if the above conditions cannot be met.


Proposal 5: Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion. 
Issue 2-1-5: Impact of number of PFLs on PRS/SRS bandwidth aggregation requirements
In last RAN4 meeting, the definition for total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation was agreed as below. But an additional margin is still FFS for the alignment of aggregated and non-aggregated measurements. In our opinion,	it is not necessary to consider the time for the alignment, since both Taggregate and Tnon-aggregate are calculated based on the PRS resource configurations and the aggregated PRS resources are indicated to UE, and UE can implement the measurements with these information. 
	Agreements:
· The total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation across all PFLs is defined as
· Txxxx,total = Taggregate + Tnon-aggregate
· Taggregate is the total measurement period for aggregate measurements (i.e. measurements with bandwidth aggregation) across all PFLs
· Taggregate is equal to zero if aggregate measurements are not configured.
· Only PRS resources that are aggregated shall be counted in Taggregate
· Tnon-aggregate is the total measurement period for non-aggregate measurements (i.e. measurements without bandwidth aggregation) across all PFLs
· Tnon-aggregate is equal to the Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated are counted in Tnon-aggregate
· Tnon-aggregate is equal to zero if non-aggregate measurements are not configured.
· FFS whether additional margin shall be added for the alignment of aggregated and non-aggregated measurements.


Proposal 6: It is not necessary to consider the time for the alignment of aggregated and non-aggregated measurements.
Conclusions
This paper discussed the general issues for RedCap UE positioning, and the following proposals are provided:
Proposal 1: RAN4 to capture the condition of single RF chain (same antenna) in applicability clause in RAN4 specs. Details discussed in CR session.
Proposal 2: Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Observation 1: Positioning measurements are left to UE implementation when PRS collides with other high priority signals and whether to define accuracy requirements or not are left to RAN4.
Proposal 3: Minimum measurement requirements should be defined to ensure the PRS measurement accuracy when collisions occur.
Proposal 4: The priority relation between aggregated PRS/SRS resources and other signals and the dropping rules need to be captured in scheduling availability in RAN4 spec. 
Proposal 5: Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion. 
Proposal 6: It is not necessary to consider the time for the alignment of aggregated and non-aggregated measurements.
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