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Introduction
The Rel-18 SID [1] investigates positioning accuracy enhancement with advanced techniques of bandwidth aggregation and carrier phase measurement. RAN4 has been assigned the two following two objectives.
	· Improved accuracy, integrity, and power efficiency:
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary




The WF from RAN4#104-bis-e [2] includes the following agreements on PRS/SRS bandwidth aggregation for intra-band carriers:
	Agreements:
· FFT/IFFT size is up to UE implementation.
· Multicarrier (MC) positioning requirements should allow UE implementation flexibility i.e. single FFT/IFFT or multiple FFTs/IFFTs (i.e. FFT/IFFT per PFL) implementations.
· Impact of UE implementation flexibility in terms of FFT/IFFT on MC positioning requirements shall be discussed during the WI phase.
Agreements:
· For PRS bandwidth aggregation, a common numerology is required across all intra-band contiguous PFLs to be aggregated.
Agreements:
· PRS resources in different PFLs to be aggregated for MC positioning measurements, shall be transmitted by the same TRP or FFS whether can also by transmitted by the co-located TRPs.
· PRS resources to be aggregated from different PFLs should be associated with a common Antenna Reference Point (ARP) or
· If PRS resources in different PFLs are transmitted from different antennas, then the antennas shall be physical close to each other.
· The condition on physical proximity between antennas is beyond the scope of RRM.
Agreements:
· PRS resources to be aggregated for MC positioning measurements from different PFLs can have different bandwidths (i.e. different number of PRS RBs).
Agreements:
· To study the RRM impact, prioritize the aggregation of PRS or SRS transmitted in the same slot and in the same symbols from the intra-band contiguous PFLs.
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
Agreements:
· RRM impact of possible timing error between PRS/SRS from different PFLs in single RF chain (Tx/Rx) architecture if defined by RF session will be considered in MC positioning requirements during the WI.   
· No further discussion needed on impact of existing MRTD/MTTD on MC positioning measurement.  
Agreements:
· RRM impact of possible frequency offset between PRS/SRS from different PFLs in single RF chain (Tx/Rx) architecture if defined by RF session will be considered in MC positioning requirements during the WI.   
· RRM impact of possible timing error/offset is covered under issue 1-2-1.
Agreements:
· Multicarrier positioning capability (MCPC) (e.g. number of intra-band contiguous PFLs) is to be defined during the WI.
Agreements:
· The impact of number of PFLs configured for MC positioning measurement on the PRS measurement period shall be part of WI.
Agreements:
· PRS/SRS bandwidth aggregation may be supported in RRC_INACTIVE subject to UE capability.
· MC positioning requirements in RRC_INACTIVE shall be part of the WI.
· Any issue related to the feasibility can be discussed during the SI.
Agreements:
· MC positioning requirements including PRS measurement period/reporting/accuracy (including margins) etc, shall be part of the WI.
· MC positioning requirements will be defined with and without measurement gaps subject to RAN1 agreements during the WI phase. 
· The corresponding requirements shall be part of the WI.
Agreements:
The work plan in R4-2216685 is agreeable from RRM perspective.


Also, RAN4#104-bis-e has the remaining open issues on RRM aspects for PRS/SRS bandwidth aggregation for intra-band carriers [2]:

	· PRS resources in different PFLs to be aggregated for MC positioning measurements, shall be transmitted by the same TRP or FFS whether can also by transmitted by the co-located TRPs.
· FFS: Impact of MC positioning measurement on the carrier aggregation/dual connectivity (CA/DC) for communication when both are configured in parallel:
· Following issues related to concurrent CA/DC operation for communication and MC positioning measurement for further study during the SI and/or to be addressed during the WI:
· Whether MC positioning measurements should not impact the ongoing CA/DC operation.
· Whether the impact is limited to the case with MC positioning measurements without gaps. 
· Whether the existing Rel-16/Rel-17 PRS measurement restrictions for PRS measurement can be extended to MC positioning measurements.
· Impact of switching time of CCs.
· Whether MC positioning measurements can be done only on the activated CCs. 



In the following section, open issues related to RRM aspects for PRS/SRS bandwidth aggregation for intra-band carriers in the study on expanded and improved NR positioning are discussed.
Discussion
RRM impacts of PRS/SRS bandwidth aggregation are discussed in this section.
PRS/SRS Bandwidth Aggregation for Intra-band Carriers
RAN4 has agreed to prioritize the intra-band contiguous CA scenario [3] and to study intra-band contiguous CA with simultaneous PRS/SRS transmission for the RRM impacts [2]. Therefore, it can be assumed that multiple PRS/SRS resources are transmitted on the same symbols in the same slot. This is advantageous from delay and processing gain perspective.  Thus, RRM impacts need to be studied for intra-band contiguous CA with simultaneous PRS or SRS symbols, respectively, transmitted for the different carriers in the same slot. Here, we further discuss the issues of co-location of carriers and the impact of CA/DC on PRS/SRS bandwidth aggregation. 
Co-location of carriers
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Figure 1: TRP architectures for co-located carriers:
a) Co-located TRPs, each TRP operating one PFL                           b) same TRP operating both PFLs
Figure 1 depicts two TRP architectures for co-located carriers. When two TRPs are co-located, radio channel properties over transmission time and frequency can be similar, if the transmitter time reference is shared, carriers are contiguous and transmission of PRS/SRS is simultaneous. In such case, the impairment in the measurement from aggregated PRS resources of different PFLs of co-located TRPs may be small. However, this depends on the condition that antennas need to be located close, as agreed at RAN4#104bis-e, which needs further consideration in the RF session. Thus, it is proposed that RRM impacts are only investigated for the case where all PFL’s are transmitted from the same TRP and a common antenna reference point (ARP) is defined. 
In the feasibility study consider only the case of transmission of PRS resources in different PFLs by the same ARP of a TRP. 
Impact of CA/DC on PRS/SRS bandwidth aggregation
In RAN4#104-bis-e, multicarrier positioning capability (MCPC), as proposed in [4] is agreed to be defined during the WI phase. The other issues on the relation between CA/DC and PRS/SRS bandwidth aggregation capabilities are discussed in the following.
For MC positioning, UE may either fully or partially reuse RF resources as declared for CA/DC. Depending on the MC positioning capability of UE, a higher or lower number of CCs can be used for MC positioning accuracy improvement. Since the total number of CCs on a network is fixed, using available CCs for the MC positioning measurements has an impact to the CA/DC operation for communications. Regarding the feasibility study, it is appropriate to investigate measurement accuracy performance for the UE supported number of CC’s, hence assuming there is no concurrent CA/DC operation. Therefore, given the trade-off between the MC positioning measurements and the CA/DC operation, in our view, the ongoing CA/DC operation should be prioritized and not be impacted by MC positioning measurement. 
For the feasibility study, assume no concurrent CA/DC operation.
The number of CCs used in CA/DC for communications can change over time, and LMF may not be able to know the current CA/DC operation. If there is less available resource (i.e. carriers) for MC positioning, gap-less measurements can be performed. However, as for the previous aspect, regarding the feasibility study, it is appropriate to investigate measurement accuracy performance for the measurement gap based case corresponding to the full number of available carriers. 
For the feasibility study, assume MG based PRS measurements.
For PRS/SRS bandwidth aggregation in the intra-band contiguous CA scenario, the measurement period requirements need to be revisited. Especially due to effectively wider PRS/SRS BW, the PRS/SRS may be generally outside the active BWP and the measurements are performed with a gap unless UE has an idle receiver available for monitoring PRS. The measurement restrictions may depend on the UE capability on MC positioning. The issue on any measurement restriction can be discussed in the WI phase. 
Whether the existing Rel-16/Rel-17 PRS measurement restrictions for PRS measurement can be extended to MC positioning measurements should be discussed in the WI phase.
The number of transmitted CCs or the frequency location of the CCs for MCPC may be varied. For instance, CA configurations with 2, 3 and 4 CCs can be used. To measure PRS on different CCs, a switching delay may be required. 
Impact of switching CCs, such as introducing a switching delay, is investigated in the WI phase.
For the simultaneous operation of MC positioning and CA/DC for communications, if the activated CCs can be less than the maximum number of CCs supported by UE, the UE could experience a temporal capability restriction in positioning. In this case, the network knows the number of available, activated CCs for which PRS is configured. The CA/DC operations can be performed in parallel to the MC positioning measurement using the activated CCs for CA/DC operation. For the feasibility study it is assumed that all carriers supported by UE are configured and activated for positioning measurements.
MC positioning measurements can be performed only on the activated CC’s configured for positioning which is investigated in the WI phase.
Further work needs to be dedicated to impairments, such as group delay calibration error, phase coherency errors, phase center offsets that can lead to additions of margins, similar as for Rel-16 and Rel-17.
RRM impacts for specifying impairments margin including group delay calibration error, phase coherency errors, and phase center offsets, based on RF session outcome, are investigated in the WI phase.  
Conclusion
RRM impacts for the Rel-18 NR accuracy improvement PRS/SRS bandwidth aggregation for intra-band carriers [5] are discussed in this contribution.
The following proposals are made.
1. In the feasibility study consider only the case of transmission of PRS resources in different PFLs by the same ARP of a TRP. 
For the feasibility study, assume no concurrent CA/DC operation.
For the feasibility study, assume MG based PRS measurements.
Whether the existing Rel-16/Rel-17 PRS measurement restrictions for PRS measurement can be extended to MC positioning measurements should be discussed in the WI phase.
Impact of switching CCs, such as introducing a switching delay, is investigated in the WI phase.
MC positioning measurements can be performed only on the activated CC’s configured for positioning which is investigated in the WI phase.
RRM impacts for specifying impairments margin including group delay calibration error, phase coherency errors, and phase center offsets, based on RF session outcome, are investigated in the WI phase.  
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