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Introduction
The Rel-18 WID [1] investigates positioning accuracy enhancement with advanced techniques of bandwidth aggregation . RAN4 has been assigned the following objectives.
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



At RAN4 #106bis-e, we mainly discussed the bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers, especially the RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting.
Discussion
2.1 Bandwidth aggregation for positioning measurements
Firstly, we do the illustration on carrier aggregation (CA) as below:
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Figure 1  PRS bandwidth aggregation
As shown in figure1, i.e. we have three component carriers (CCs), the CC1 is 5M and the rest of CCs are 10M. For multi-carrier positioning measurement, we aggregate three CCs into “one” carrier, it equals the transmitted channel is 25M. And then we have the wider transmitted channel to transmit the signals simultaneously. And we also do the illustration on the DL positioning procedure as below:
[image: 绘图3]
Figure 2  DL positioning procedure
What we want to express is that UE measures DL-PRS with different methods, such as RSRP, RSTD or other values in step 3. The UE will receive the assistance data and start the measurement, i.g. RSTD measurement, the measurement period shall be considered and obviously we will provide our suggestions for this point.
In the last meeting, we have reached several agreements as below:
	Issue 3-1-1: Applicable RRC states:
Agreements:
· Define the core requirements for PRS BW aggregation in both RRC_INACTIVE and RRC_CONNECTED states.
· Do not define requirements for RRC_IDLE state.
Issue 3-1-2: Applicable number of PFLs:
Agreements:
· PRS core requirements for PRS/SRS bandwidth aggregation are prioritized for up to ‘NDL’ number of DL and ‘NUL’ number of UL intra-band contiguous PFLs, where:
· NDL = 3 PFLs in DL and 
· NUL = 3 PFLs in UL
· The number of PFLs for which PRS accuracy requirements for PRS/SRS bandwidth aggregation shall be defined can be discussed during the performance part of the WI.
Issue 3-1-3: Applicable aggregated PRS/SRS BW:
Agreements:
The impact (if any) of maximum targeted aggregated BW for PRS/SRS on PRS requirements is discussed after the RAN1 and RF session agreements on the maximum targeted aggregated BW for PRS/SRS


Several issues shall be discussed in the following tables:
	Issue 3-2-2: Conditions for requirements for PRS/SRS bandwidth aggregation:
Agreements:
· Wait for RAN1 progress on necessary conditions under which the PRS/SRS bandwidth aggregation applies before discussing RAN4 specific conditions.



For PRS/SRS bandwidth aggregation, one case that needs to be considered is the aggregation of PRS on different PFLs (two or three PFLs), so some conditions need to be considered at this time, e.g in RAN4 104bis-e meeting, we also had the agreements:
	RAN4 104bis-e meeting:
Agreements:
· For PRS bandwidth aggregation, a common numerology is required across all intra-band contiguous PFLs to be aggregated.
Agreements:
· Number of intra-band contiguous PFLs for the aggregation of PRS or SRS is up to RF agreements.
· To study the RRM impact, the number of PFLs is the same as the number of PFLs agreed in RF session


As mentioned in the above table, the final conclusion reached in the last meeting was to wait for some outcomes on RAN1 and conduct specific requirements analysis based on the progress of RAN1. 
RAN1 had several agreements in the two latest meetings, more PRS transmission parameters were discussed (E.g. also propose the same number of PRS resource sets, the same number of PRS resources, the same gNB Tx TEG, the same UE Rx TEG, the same QCL type, the power consistency, and the same value of NR-DL-PRS-SFN0-Offset across the aggregated PFLs).
RAN1 112 and 112bis-e meeting agreements:
	112bis-e meeting:
Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, decide whether one or more of the following are needed for the aggregated PRS resources from a TRP in RAN1#113 meeting:
· The same antenna port from RAN1 perspective
· Note: this is to achieve phase continuity between PFLs
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and/or resources per set for a TRP 
· The same NR-DL-PRS-SFN0-Offset value
· UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths 
· FFS: a per-symbol uniformly spaced PRS pattern across aggregated bandwidths does not preclude dropping some REs in the guardband between two PFLs
· Others if any


112 meeting:
Agreement
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 



Observation 1: RAN1 had several agreements for enabling PRS bandwidth aggregation between PRS in two or three different PFLs, and in the latest two meetings the conditions which should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs were proposed.
For this issue RAN1 is still under the discussion,  RAN 4 could study the core requirements based on the current RAN1 outcomes firstly and the more specific conditions like The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin will be discussed in RAN1 in the future meeting.
Proposal 1: RAN4 shall study the core requirements based on the current RAN1 progress as below:
· 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)
· The same number of symbols, symbol location within one slot, repetition factor,
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· The same power per subcarrier
· Aggregated PFLs are configured on the same aligned numerology grid
· Phase continuity between aggregated PFLs 

	Issue 3-2-3: PRS measurement period for PRS/SRS bandwidth aggregation:
Agreements:
· 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.
Issue 3-2-4: Impact of PRS/SRS bandwidth aggregation on CA for communication:
Agreements:
· PRS measurement with PRS/SRS bandwidth aggregation performed in gaps does not impact the ongoing CA/DC for communication except that no data scheduling is possible during the gaps.



In this meeting, we mainly focus on the measurement period on bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers, and the legacy measurement period can be used as baseline. The measurement period for positioning is calculated on a basis of PFLi (i is the index of PFL). Inside one positioning measurement gap config the UE is only expected to measure a single DL-PRS PFL. And different positioning MG is not overlapping in time domain as shown in figure 3. 
However, in CA scenario DL-PRS RSTD/RSRP/RSRPP/Rx-Tx time difference are not measured separately on multiple aggregated PFL, PFL as the basis of calculating measurement period may not be very appropriate and accurate. The measurement period of DL-PRS measured simultaneously in multiple PFLs should be no smaller or larger than that of DL-PRS measured in one PFL but no larger than or smaller than the sum of measurement period of multiple PFLs as shown in figure 4.
In the following paragraphs, we provide the analysis: 
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Figure 3
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Figure 4
As the illustrations shown, in order to aggregate PRS resources across different PFLs, UE will receive all target resources from different PFLs and measure them across a larger bandwidth to improve performance, when defining the measurement period, the legacy requirements in TS38.133 can be as baseline:
Connected or Inactive mode
	After receiving both NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message from the LMF via LPP [34], the UE shall be able to measure multiple (up to the UE capability specified in Clause 5.6.2.3) DL RSTD measurements, defined in TS 38.215 [4], 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:
	 ,


The legacy requirements in R17 defined without considering the PRS bandwidth aggregation and measure them across the different PFLs as we mentioned before and we shall consider the in CA scenario measurement period are not measured separately on multiple aggregated PFLs but UE also receive and measure all target PRS resources, so the different PRS periodicities in different PFLs shall be considered since it will influence measurement time. We assume that the periodicity of PRS from different PFLs is the same, it fits the PRS bandwidth aggregation when do the measurement.
Proposal 2: The legacy measurement period in R17 can be as baseline when defining the new measurement period for PRS bandwidth aggregation.
Proposal 3: The PRS periodicities from different PFLs are the same and it is not the strong influence factor when defining the measurement period. 
On the other hand,  the PRS bandwidth aggregation has more than one PFL but smaller than four PFLs, so we propose to have a reference PFL(r), the measurement period requirement of a referent PFL (r) can be used as the reference of other PFLs’ measurement period requirement in the same group, and we could define a new scaling factor which is larger than 1 and associated with the number of positioning frequency layers which used for bandwidth/carrier aggregation.
Proposal 4: The referent PFL(r) can be defined, the measurement period requirement of a referent PFL(r) can be used as the reference of other PFLs’ measurement period requirement in the same group.








Conclusion
The following observations and proposals are made.
Observation 1: RAN1 had several agreements for enabling PRS bandwidth aggregation between PRS in two or three different PFLs, and in the latest two meetings the conditions which should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs were proposed.
Proposal 1: RAN4 shall study the core requirements based on the current RAN1 progress as below:
· 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)
· The same number of symbols, symbol location within one slot, repetition factor,
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· The same power per subcarrier
· Aggregated PFLs are configured on the same aligned numerology grid
· Phase continuity between aggregated PFLs 
Proposal 2: The legacy measurement period in R17 can be as baseline when defining the new measurement period for PRS bandwidth aggregation.
Proposal 3: The PRS periodicities from different PFLs are the same and it is not the strong influence factor when defining the measurement period. 
Proposal 4: The referent PFL(r) can be defined, the measurement period requirement of a referent PFL(r) can be used as the reference of other PFLs’ measurement period requirement in the same group.
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