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Introduction
RAN4 continued discussing requirements for PRS/SRS bandwidth aggregation in RAN4#107. The latest agreements and open issues were captured in a WF [1].
In this brief paper we provide our views on the progress in RAN1 and provide high-level proposals on how to define the measurement period requirement.
Discussion
RAN1 has reached further agreements on the objective of PRS/SRS BW aggregation [2]. Selected agreements are shown below.
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

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.

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

Conclusion
For PRS bandwidth aggregation, PPW is not supported in Rel-18. 


Agreement
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

Agreement
When the UE receives a request to perform aggregated measurements, 
· TRP(s) that include PRS aggregation have higher priority than the TRPs that do not include PRS aggregation
· If 2 or more TRPs include linked resources, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority
· If a PRS resource set is linked for aggregation, then it has higher priority compared to the PRS resource set not linked for aggregation.
· If both sets in a PFL are linked for aggregation, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority

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. 

Agreement
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

Agreement
For SRS bandwidth aggregation across two or three carriers, support
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied. 

Agreement
For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.

Agreement
For a carrier including positioning SRS for aggregation,
· Positioning SRS can be transmitted only when the carrier is activated
· This is also applicable for the carrier only including positioning SRS for aggregation

Agreement
For SRS bandwidth aggregation across carriers, support
· Single RSRP or RSRPP is reported
· FFS: the single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers
· The used SRS resource IDs for the aggregated measurement are shared for RSRP/RSRPP and/or timing measurement results



 PRS BW aggregation
Even though RAN1 made good progress in their last meeting, there are still significant pending issues on the topic of PRS BW aggregation. Specifically, RAN1 has not reached agreement on the new UE capabilities to support PRS BW aggregation. Without such agreements, RAN4 will not be able to complete the detailed measurement period requirement. However, we believe RAN4 can reach agreements on the high-level structure of the requirements.
Fortunately, RAN1 was able to reach a conclusion on whether to support PRS BW aggregation with PPW. Their conclusion was that it will not be supported in Rel-18. Based on that conclusion, RAN4 can fully focus on requirements for PRS BW within measurement gaps in RRC_CONNECTED state.
One aspect that will impact the PRS measurement period requirement is the granularity of the indication signaled by the LMF when PRS measurements with BW aggregation are requested from the UE. According to the RAN1 agreement above, the indication will be provided on a per TRP and per PRS resource set basis. Therefore, in each PFL configured by the LMF there may be some PRS resources that are meant to be aggregated with PRS resources in other PFLs and others that are not.
Observation 1: In general, a PFL may contain some PRS resources that are meant to be aggregated with PRS resources from other PFLs, while also containing other PRS resources that are not meant to be aggregated.
Based on the above observation, the measurement period requirement would need to be modified to account for a mix of PRS resources within each PFL. The Rel-17 measurement period requirement is the summation of the measurement delay contribution associated with each individual PFL, without accounting for any aggregation of resources across PFLs. Now, with PRS BW aggregation in Rel-18, additional delay terms would be added to the summation for each group of two or three PFLs (a super-PFL) that contains PRS resources to be aggregated. Our proposal below is to define the measurement period requirement following this high-level structure. Many of the details of the requirements will remain FFS until RAN1 defines the new UE capabilities for PRS BW aggregation.
Before introducing our proposal, we would like to highlight a few other RAN1 agreements. Firstly, for RSTD with BW aggregation, we note that RAN1 has agreed that the RSTD reference will be aggregated across PFLs. Therefore, when defining the new measurement period requirement RAN4 does not need to consider any exceptions for cases where the RSTD reference may not be aggregated.
Secondly, for PRS-RSRP(P) measurements reported with BW aggregation, RAN1 agreed that a single measurement will be reported for a group of PRS resources linked for BW aggregation when requested by the LMF. The RAN1 agreement does not state that the single PRS-RSRP(P) measurement must be performed with BW aggregation. However, it is clear that reporting multiple PRS-RSRP(P) measurements for a group of PRS resources linked for BW aggregation is not supported.
Proposal 1: The measurement period requirement for RSTD and UE Rx-Tx when the LMF requests the UE to perform measurements with PRS BW aggregation across multiple PFLs is defined as a summation of two terms:

·  is the delay associated with the measurements performed without BW aggregation. It is equal to the Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated, according to the LMF request and applicability conditions, are counted in  for each PFL.
·  is the delay associated with the measurements performed with BW aggregation. Only PRS resources to be aggregated according to the LMF request and applicability conditions are counted when calculating this term.
· FFS the exact formula for , depending on RAN1 agreements on UE capabilities, etc.

Proposal 2: When PRS-RSRP(P) is reported with timing-based positioning measurements (RSTD or UE Rx-Tx) with BW aggregation, the measurement period requirement for the timing-based measurements applies.
Proposal 3: Wait for further progress in RAN1 to finalize the definition of the measurement period requirement with BW aggregation.
RAN1 has sent an LS requesting feedback about some agreements concerning SRS/PRS BW aggregation [3]. One of the RAN1 agreements introduces new measurement reporting granularities to support timing-based measurements (RSTD, RTOA and Rx-Tx) with BW aggregation. To that end, RAN1 requests supporting  and potentially lower values, e.g. . Fortunately, RAN4 already agreed to introduce  in RAN4#107 [4]. At least those values are considered feasible by RAN4.  Whether to introduce even finer granularities, if warranted, can be discussed during the performance part of the WI based on RAN4 simulation results. A reply LS has been submitted in a companion paper.
Proposal 4: Reporting granularity values  are feasible based on agreement from RAN4#107. Whether to introduce even finer granularities can be discussed further during the performance part of the WI.
 SRS BW aggregation
For SRS aggregation in connected mode, RAN1 has agreed that transmission of positioning SRS for aggregation is decoupled from ULCA from the perspective of UE capability [3]. i.e. a UE could support positioning SRS for aggregation and not support ULCA in a given band. The implication is that a UE may be configured to transmit SRS outside of UL carriers for user/control data communication. In that case, RAN1 has requested RAN4 to define a switching/guard period before and after each aggregated SRS transmission. Note that aggregated SRS transmissions are always in intra-band contiguous carriers, using the same numerology (CP and SCS).
In our view, for the switching/guard period before and after each aggregated SRS transmission it would be reasonable to reuse the switching time values defined for SRS carrier switching in NR.
-- ASN1START
-- TAG-SRS-SWITCHINGTIMENR-START

SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}

-- TAG-SRS-SWITCHINGTIMENR-STOP
-- ASN1STOP

Proposal 5: 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, feasible switching/guard period values before and after each aggregated SRS transmission are {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}.
Conclusions
Observation 1: In general, a PFL may contain some PRS resources that are meant to be aggregated with PRS resources from other PFLs, while also containing other PRS resources that are not meant to be aggregated.
Proposal 1: The measurement period requirement for RSTD and UE Rx-Tx when the LMF requests the UE to perform measurements with PRS BW aggregation across multiple PFLs is defined as a summation of two terms:

·  is the delay associated with the measurements performed without BW aggregation. It is equal to the Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated, according to the LMF request and applicability conditions, are counted in  for each PFL.
·  is the delay associated with the measurements performed with BW aggregation. Only PRS resources to be aggregated according to the LMF request and applicability conditions are counted when calculating this term.
· FFS the exact formula for , depending on RAN1 agreements on UE capabilities, etc.
Proposal 2: When PRS-RSRP(P) is reported with timing-based positioning measurements (RSTD or UE Rx-Tx) with BW aggregation, the measurement period requirement for the timing-based measurements applies.
Proposal 3: Wait for further progress in RAN1 to finalize the definition of the measurement period requirement with BW aggregation.
Proposal 4: Reporting granularity values  are feasible based on agreement from RAN4#107. Whether to introduce even finer granularities can be discussed further during the performance part of the WI.
Proposal 5: 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, feasible switching/guard period values before and after each aggregated SRS transmission are {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}.
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