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Introduction
RRM requirements for PRS/SRS CA are discussed in RAN4#107, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· Impact of PRS CA
· Impact of SRS CA
· Report mapping
In addition, RAN4 received LS from RAN1 [2] which requires RAN4 check.
In this paper we will provide our views on RRM requirements for PRS/SRS CA.
Discussion
Impact of PRS CA
On the condition of requirements for PRS CA, RAN1 reached the following agreements in April. 
	Agreement
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not


Since LMF will indicate UE whether to perform joint measurement across aggregated PFLs, naturally the requirements for PRS CA would apply only when LMF indicates so. This is same as requirements for reduced sample number which is also based on LMF indication.
Proposal 1: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
RAN1 reached the following agreements in May related to which resources are to be linked.
	Agreement
For PRS bandwidth aggregation across PFLs, support
· Option 2: Per TRP basis and per PRS resource set basis.
· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.


Our understanding is shown in Figure 1. In Figure 1, resource set #0 of TRP #2 on two PFLs are indicated to be linked. UE would perform aggregate measurement over the two resource #0 (two yellow resources) in the two resource sets, two resource #1 (two green resources), two resource #2 (two blue resources), and so on. Since LMF does not indicate resource set #1 of TRP #2 as linked, UE would not perform aggregate measurement over any pair of resources in these two resource sets. It is clear that the requirements for aggregate measurements are only applicable to resources in the resource sets that are indicated to be linked. For resources in resource sets that are not indicated to be linked, UE would perform single PFL measurement, i.e. non-aggregate measurement as in Rel-17.
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Figure 1: Example of PRS CA indication
Besides, in the above RAN1 agreements, UE would perform aggregate measurement over the linked resources only if certain alignment conditions are met. In May, RAN1 agreed most of the alignment conditions as below. If the alignment conditions are not met for resources in the linked resource sets, our view is that UE is expected to measure them based on single PFL (i.e. non-aggregate measurement). This is same as the resources in non-linked resource sets.
	Agreement
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


Proposal 2: 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 [2] it is proposed to define the measurement period for PRS CA as the summation of measurement period of aggregate measurements and non-aggregate measurements. This is aligned with the RAN1 agreements as discussed above, so we support the proposal in general. The is also a simple way to define requirements with reasonable assumption on UE implementation.
The measurement period of aggregate measurements can be defined re-using the existing requirements as baseline. As the linked resources across multiple PFLs are measured at the same time and a single TOA measurement is generated, for aggregate measurements multiple PFLs should be regarded as one ‘effective’ PFL, and a new processing capability which is under discussion in RAN1 (41-4-1) would apply. When defining Lprs, only the linked resources would be counted. 
The measurement period of non-aggregate measurements can be defined re-using the existing requirements as baseline. As the linked resources across multiple PFLs are already counted in Lprs for aggregate measurements, only the non-linked resources need to be counted for each single PFL measurement. It is noted that for PRS CA there may be no non-aggregate measurements, e.g. when all resources across all PFLs are linked based on Proposal 1 and 2.
Proposal 3: As baseline, measurement period for PRA CA is defined as 
Txxxx,total = Taggregate + Tnon-aggregate
where Taggregate is the measurement period for aggregate measurements, and Tnon-aggregate is the measurement period for non-aggregate measurements (Tnon-aggregate can be zero depending on LMF configuration)
·  Taggregate is defined re-using the existing requirements as baseline, and
· multiple PFLs with linked resource sets are considered as one ‘effective’ PFL
· new processing capability for aggregate measurements would apply
· only resources that are linked are considered in Lprs
· Taggregate is defined re-using the existing requirements as baseline, and 
· only resources that are not linked are considered in Lprs
· other adaptations are not precluded
	Issue 3-3-2: PRS-RSRP and PRS-RSRPP measurement reporting
Agreements:
· RAN4 will study the impact of PRS-RSRP and PRS-RSRPP measurement on the reporting requirements based on RAN1 and RAN2 agreements/progress.


RAN1 made the below conclusion related to RSRP(P) measurement in May.
	Agreement
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results


Based on Proposal 3, if RSRP(P) is based on non-aggregate measurements, UE may need to measure TOA and RSRP(P) separately in Taggregate and Tnon-aggregate, so there will be impact on the requirements. Since RAN1 has not decided whether RSRP(P) is based on aggregate or non-aggregate measurements, RAN4 should wait for further RAN1 agreements.
Proposal 4: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
	Issue 3-2-7: Impact of PRS resource dropping on PRS/SRS bandwidth aggregation requirement
Agreements:
· RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.


RAN1 made the following agreements related to PRS resource dropping in April. 
	Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· FFS the details and the difference between MG and PPW if PPW is supported
· Note: Up to RAN4 to discuss impact on requirements, if any, for such cases


In RAN4 requirements, one applicability condition is that PRS resources are not dropped. For PRS CA, the requirements for PRS CA may not apply depending on RAN1 agreements. RAN4 should discuss the impact of PRS resource dropping based on RAN1 agreements.
Proposal 5: RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.
Impact of SRS CA
	Issue 3-2-4: Impact of SRS CA for communication on PRS/SRS bandwidth aggregation
Agreements:
· RAN4 to discuss possible impacts of SRS CA based on RAN1 progress.
Issue 3-2-5: Guard period between data and positioning period in UL
Agreements:
· RAN4 to wait for more RAN1 progress to discuss the guard period.


In [3] RAN1 informed the following agreements and asked RAN4 to provide the retuning time. 
	Agreement
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. 


We believe the retuning time will be discussed in RF session, and in RRM session we should define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH. This is similar to those defined for SRS carrier switching or antenna switching, and the detail can be discussed based on conclusions from RAN1 and RF session.
Proposal 6: RAN4 to define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.
Report mapping
In [3] RAN1 informed the following agreements and asked RAN4 to check the feasibility of negative k values. We assume RAN1 will further discuss whether to support other values e.g. -3, -4, -5, -6.
	For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:
· A request to indicate UE which two or three PFLs to be used for performing joint measurement 
· A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements
· Support at least the values of k={-1,-2}
· FFS other values e.g. -3, -4, -5, -6
· Send RAN4 an LS to confirm the feasibility
With regard to the third agreement, RAN1 would like RAN4 to check the feasibility of the negative k values.  


As to the feasibility, RAN4 also agreed to support k={-1,-2} in last meeting, so there should be no feasibility issue from RAN4 perspective. As the reporting granularity is separate from the accuracy, we do not see feasibility issue for other values e.g. -3, -4, -5, -6, either, but it is up to RAN1 whether to support them. 
Besides, we understand use of k<0 is applicable for both aggregate and non-aggregate measurements. On one hand, restricting the usable k value based on aggregate/non-aggregate or the aggregated BW will make the spec complex; on the other hand, such restriction will limit UE/TRP implementation since some UE/TRP may choose to use smaller values in certain scenarios or under certain configurations. In any case, the k value to be used for reporting is up to UE\TRP, and we see no strong motivation to make much restriction.
Finally, in [3] only the UE reporting granularity is mentioned, and based on RAN4 agreement last meeting, TRP reporting granularity should be also extended, and RAN4 should mention this to RAN1. 
Proposal 7: RAN4 to confirm the feasibility of the negative k values for both aggregate and non-aggregate measurements, and for both UE and TRP.
A draft LS is provided in the Annex. If the LS will be discussed and sent in RF session, the draft can be used as inputs when reply LS is prepared in the RF session.
Conclusions
In this paper we provided our views on RRM requirements for PRS/SRS CA.
Proposal 1: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
Proposal 2: 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. 
Proposal 3: As baseline, measurement period for PRA CA is defined as 
Txxxx,total = Taggregate + Tnon-aggregate
where Taggregate is the measurement period for aggregate measurements, and Tnon-aggregate is the measurement period for non-aggregate measurements (Tnon-aggregate can be zero depending on LMF configuration)
·  Taggregate is defined re-using the existing requirements as baseline, and
· multiple PFLs with linked resource sets are considered as one ‘effective’ PFL
· new processing capability for aggregate measurements would apply
· only resources that are linked are considered in Lprs
· Taggregate is defined re-using the existing requirements as baseline, and 
· only resources that are not linked are considered in Lprs
· other adaptations are not precluded
Proposal 4: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
Proposal 5: RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.
Proposal 6: RAN4 to define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.
Proposal 7: RAN4 to confirm the feasibility of the negative k values for both aggregate and non-aggregate measurements, and for both UE and TRP.
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1. Overall Description:
RAN4 thanks RAN1 for the LS R1-2306216. 

With regard to the third agreement, RAN4 would like to confirm the feasibility of the negative k values. In particular, RAN4 already agreed to support k={-1,-2} as indicated in LS R4-2310166. RAN4 understands that the support of other k values e.g. -3, -4, -5, -6, is up to RAN1.

Besides, RAN4 understands that the use of k<0 is applicable for both aggregate and non-aggregate measurements, and for both UE and TRP.

RAN4 respectfully asks RAN1 to take the above information into account.

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #108-bis			Oct 09 – Oct 13, 2023	         Xiamen, China
RAN WG4 Meeting #109				Nov 13 – Nov 17, 2023	         Chicago, US
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