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Introduction
In RAN4#107 meeting, RAN4 has discussed RRM impacts of PRS/SRS bandwidth aggregation with conclusions captured in [1]. RAN1#113 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
General aspects/scenarios for PRS/SRS BW aggregation
In RAN1#112bis, RAN1 agreed to support MG-based bandwidth aggregation measurement and FFS whether to support PPW. In RAN1#113 meeting, RAN1 reached the conclusion that PPW is not supported in Rel-18. In other words, the MG-less bandwidth aggregation measurement is not supported in Rel-18. RAN4, therefore, does not need to define requirements for MG-less case.
	Agreement - RAN1#112bis-e
From RAN1 perspective, MG-based bandwidth aggregation measurement is supported. Decide whether PPW is supported for PRS bandwidth aggregation measurement in RAN1#113 meeting.
· FFS the details for PPW if supported
Conclusion - RAN1#113
· For PRS bandwidth aggregation, PPW is not supported in Rel-18. 


Proposal 1: RAN4 not to define requirements for MG-less case, since PPW is not supported in Rel-18.
PRS measurements for PRS/SRS bandwidth aggregation
Issue 3-2-3: PRS measurement period for PRS/SRS bandwidth aggregation:
WF of RAN4#106bis-e has reached a conclusion that Rel-17 measurement period requirements are used as a baseline to define measurement period requirements for bandwidth aggregation. And in RAN1#112 and #113meeting, detailed conditions that should be satisfied by aggregated PRS resources are listed below. After analysing these conditions, we find that the aggregated PRS resources are totally overlapped in time domain, and the aggregated PFLs can be seen as a special PFL with a wider bandwidth in frequency domain. 
	Agreements - RAN4#106bis-e
· PRS measurement period for PRS/SRS bandwidth aggregation:
· Option 1:
· Existing PRS measurement period requirements in Rel-17 can be used as baseline for defining corresponding PRS measurement period requirements for PRS/SRS bandwidth aggregation.
· Details related to e.g. PFLs, PRS periodicity etc., are FFS
· Other options are not precluded.



	Agreements - RAN1#112
To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:  
· In the same slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna), this implies 
· FFS: The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin
· The same QCL
· The same number of symbols, symbol location within one slot, repetition factor, 
· FFS: the same periodicity and slot offset
· FFS muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier
· FFS: the same NR-DL-PRS-SFN0-Offset 
· Aggregated PFLs are configured on the same aligned numerology grid
· FFS: How to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones (e.g, PFLs with different RE-offset configurations, PFLs with different point A)
· Phase continuity between aggregated PFLs 
Agreements - RAN1#112
To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be satisfied for the aggregated SRS resources across the aggregated carriers
· In the same slot, in same symbols, from the same antenna, this implies
· FFS: The same gNB Rx TEG and the same UE Tx TEG
· The same spatial relation
· The same startPosition, nrofSymbols
· FFS: periodicityAndOffset, and slotOffset
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of SRS resource sets and resources 
· The same Tx PSD (power per subcarrier)
· FFS whether to need the same pathloss RS, Po and alpha
· Note: the Tx PSD is not captured in RAN1 specifications
· FFS: SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· Phase continuity between aggregated SRS in different carriers
Agreement - RAN1#113
For PRS bandwidth aggregation between PRS in two or three different PFLs, the following are needed for the aggregated PRS resources for a TRP:
· The same periodicity and slot offset
· The same muting pattern
· The same NR-DL-PRS-SFN0-Offset value
· UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain (Note: It does not preclude dropping some REs in the guardband between two PFLs).
· FFS same antenna port from RAN1 perspective
Agreement - RAN1#113
For SRS bandwidth aggregation between SRS in two or three carriers, the following is needed for the aggregated SRS resources 
· The same periodicityAndOffset, and slotOffset
· The configuration of pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· The same configuration of Po and alpha. 
· Note: UE may either perform pathloss RS measurement across CCs and form a single path loss value to apply across CCs or perform pathloss RS measurement in a single CC and apply across CCs


Observation 1: The aggregated PRS/SRS resources are totally overlapped in time domain, and the aggregated PFLs can be seen as a PFL with a wider bandwidth in frequency domain.
The mechanism of Rel-17 measurement period requirements is to sum measurement period in each PFL [3]. Based on the observation above, the measurement period for the aggregated PFL is equal to  assuming no any PRS resources are dropped, i.e., . Hence,  in the Rel-17 measurement period requirements can be reused for the period requirements for bandwidth aggregation.
	TS38.133
When physical layer receives last of NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message from LMF via LPP [34], the UE shall be able to measure multiple (up to the UE capability specified in Clause 9.9.2.3) DL RSTD measurements, defined in TS 38.215, during the measurement period  defined as:
	
Where ,
	 is the index of positioning frequency layer,
	 is total number of positioning frequency layers, and
	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i.
 is the measurement period for PRS RSTD measurement in positioning frequency layer i as specified below:



Proposal 2: The measurement period for a single aggregated PFL is equal to , i.e.,  assuming no PRS resources are dropped.  in the Rel-17 measurement period requirements, therefore, can be reused for the period requirements for BW aggregation.
Issue 3-2-5: Guard period between data and positioning period in UL
	Agreements: - RAN4#107
· Proposals
· Option 1: QC
· RAN4 to discuss requirements for a switching/guard period between UL transmissions within active BWP and transmissions outside carriers/BWP in support of positioning BW aggregation.
· Option 2: LG
· RAN4 to wait for more RAN1 progress to discuss the guard period.



	Agreement - RAN1#113
When an SRS resource configured within a CC without PUSCH/PUCCH is linked for aggregation with an SRS resource configured within an UL active BWP of a UL communication CC, a guard period is needed before and after the aggregated SRS transmissions. 
· Send an LS to RAN4 with the above information and a request to provide the retuning time values needed. 


Regarding the guard period between data and positioning transmissions in UL, a LS was sent to RAN4 to request applicable values. A general switching procedure between UL data and aggregated SRS resources transmissions is that a CC is used for UL communication first, and then the SRS resource within this CC is linked with an SRS resource within a CC without PUSCH/PUCCH for positioning purpose. After the transmission of the bandwidth aggregated SRS for positioning is finished, the CC for UL communication is used to transmit data again. A guard period is used before and after the aggregated SRS transmission to avoid impacts on UL communications or vice versa. In this procedure, a new CC is scheduled together with the CC for UL communication; therefore, BB preparation and RF retuning are required to implement the transmission. We think the candidate guard periods are similar to that for SRS transmission outside initial UL BWP with different SCS from the initial UL BWP which also needs BB preparation and RF retuning [2]. Hence, the candidate values in the LS [2], i.e. {100us, 140us, 200us, 300us, 500us}, can be references for the scenario in the second RAN1 agreement. Moreover, by considering this guard period, the impacts of data CA for SRS aggregation or vice versa, if any, can be mitigated.
Proposal 3: The guard period values can take {100us, 140us, 200us, 300us, 500 us} as references.
Proposal 4: The impacts of the CA for communication on the SRS aggregation or vice versa, if any, can be mitigated by considering the guard period.
PRS measurement report mapping for PRS/SRS bandwidth aggregation
In last meeting, two negative k values {-1,-2} are agreed for PRS/SRS BW aggregation. From RAN4 perspective, the reporting granularity is about 7.5cm for k=-1 and 3.75cm for k=-2 which are accurate enough to fulfil the purpose of centimetre-level positioning. And lower negative k values, such as -3, -4 and -5, require more bits to report measurement results, which will increase signalling overheads. Hence, we think there is no need to support lower negative k values. 
	Issue 3-3-1: Whether report mappings with PRS/SRS bandwidth aggregation need to be updated?
Agreements:
· For FR1 the additional reporting granularity values are 0.5 Tc, 1 Tc and 2 Tc.
· For FR2 the additional reporting granularity values are 0.25 Tc and 0.5 Tc.
· The above reporting granularity values apply to both UE and gNB positioning measurements.
· Send LS to RAN2 and RAN3 (and CC to RAN1) to define signaling for UE and gNB positioning measurement reporting respectively.


Proposal 5: From RAN4 perspective, k= {-1,-2} are feasible to obtain the gains bought by bandwidth aggregation. And no need to support lower negative k values due to extra overheads.
Conclusions
This paper discussed the general issues for RedCap UE positioning, and the following proposals are provided:
Proposal 1: RAN4 not to define requirements for MG-less case, since PPW is not supported in Rel-18.
Observation 1: The aggregated PRS/SRS resources are totally overlapped in time domain, and the aggregated PFLs can be seen as a PFL with a wider bandwidth in frequency domain.
Proposal 2: The measurement period for a single aggregated PFL is equal to , i.e.,  assuming no PRS resources are dropped.  in the Rel-17 measurement period requirements, therefore, can be reused for the period requirements for BW aggregation.
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Proposal 4: The impacts of the CA for communication on the SRS aggregation or vice versa, if any, can be mitigated by considering the guard period.
Proposal 5: From RAN4 perspective, k= {-1,-2} are feasible to obtain the gains bought by bandwidth aggregation. And no need to support lower negative k values due to extra overheads.
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