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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




At RAN4 #104-e, the discussion for bandwidth aggregation on RF characteristics started [2] with following agreements and open issues in the WF [3]. 
	Agreements:
· Intra-band contiguous CA scenario will be prioritized in study.
· Deprioritize power imbalance discussion
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures



	Open issues:
· RF architecture – can we focus on a single RF architecture (i.e., single Tx/Rx chain), align on target architectures
· Studying RF impairment model (timing/group delay/frequency/phase) first to assess performance and accuracy gain with realistic impairments
· Studying achievable accuracy gain when TAE is within specified requirement for intra-band contiguous CA
· Notifying RAN1 of the UE transmit power limitation due to potential prioritization
· Candidate option for Baseline assumptions for UE Rx: RAN4 assumes that the legacy FFT processing strategy of legacy RXs, that is one FFT processing per CC with standard FFT size, must be baseline. Processing with extended FFT-size specifically for high accuracy positioning measurement is not assumed as baseline.



For carrier phase measurements, RAN4 had the following agreement [3]:
	Agreement:
· Wait for RAN1 conclusion or RAN1 LS to start RAN4 work on accuracy improvement study based on carrier phase measurements



According to time budget allocation for the SID [1], RAN4 is also tasked to analyze RRM impacts for both NR accuracy improvements, which are discussed on high level in this contribution.
Discussion
RRM impacts for above two NR accuracy improvements are discussed in this section.
PRS/SRS bandwidth aggregation
The discussion is split into preferred scenarios and RRM impacts.
Preferred Scenarios
RAN4 has agreed to prioritize the intra-band contiguous CA scenario [3].  
Two possible configurations are left:
· Intra-band contiguous CA with simultaneous PRS/SRS transmission
· Intra-band contiguous CA with separate PRS/SRS transmission 
In our view, the first configuration should be assumed for the RRM impacts study, i.e. multiple PRS/SRS resources in different CCs are transmitted on the same symbols in the same slot. This is advantageous from delay and processing gain perspective, and it is also what we propose for the RF study.  
Thus, following proposal is made.
For the RRM impacts study, prioritize intra-band contiguous CA with simultaneous PRS or SRS symbols transmitted for the different carriers in the same slot.
Another aspect is the number of transmitted CCs, that should be investigated. In our view, CA configurations with 2, 3 and 4 CCs should be investigated and the configuration with 2 CCs should be prioritized over 3 and 4 CCs.
CA configurations with 2, 3 and 4 CCs should be investigated and the configuration with 2 CCs should be prioritized over 3 and 4 CCs.
Another aspect is whether PRS/SRS bandwidth aggregation shall also be considered for RRC_INACTIVE. In this case the UE has to retune to the aggregated PRS bandwidth from the initial BWP similar as in Rel-17 and collisions with other reference signals and downlink channels need to be taken into account. In addition, higher power consumption in receiving the wider PRS BW in RRC_INACTIVE is expected and has to be taken into account. The feasibility study should hence evaluate if the benefits outweigh the drawbacks.
Thus, the following proposal is made.
 PRS/SRS bandwidth aggregation should also be investigated for RRC_INACTIVE.
RRM Impacts
Measurement period requirements
For PRS/SRS bandwidth aggregation in the intra-band contiguous CA scenario, the measurement period requirements need to be revisited. Especially due to effective wider PRS/SRS BW, the PRS/SRS may be generally outside the active BWP and hence MG-assisted measurements are required in connected mode, in case the UE is not provided with a separate receiver for monitoring PRS. In order to avoid higher latency due to MG sharing with RRM measurements, the use of concurrent MG with PRS association or pre-configured gap for positioning, both introduced in Rel-17, should be foreseen. 
Another aspect is the definition of PFL in PRS aggregation case, as the UE has to monitor configured PFLs. In case of PRS aggregation, the PFL accumulates several carrier frequencies. Whether this will impact measurement period requirements in terms of MG sharing and PRS muting patterns, needs further investigation. In the currently specified PRS configuration, a single PFL may have just one CC associated with it. Since in RAN4 the assumption for measurement period requirements has always been one PFL is processed at time (both for gap-assisted and gapless measurements), this assumption is expected to be changed for the PRS/SRS bandwidth aggregation work. 
Measurement reporting and reporting delay requirements
For PRS/SRS bandwidth aggregation in the intra-band contiguous CA scenario, measurement reporting requirements need to be specified based on the reporting range and reporting granularity. We anticipate that the requirements will be aligned to Rel-16 and Rel-17. RAN4 needs also to investigate whether there will be common reporting for all involved CCs or individual reporting. For instance, RSTD and UE Rx-Tx time difference measurement reports may be common, while PRS-RSRP/RSRPP measurement reports may be individual for each CC. Furthermore, the impact to gNB measurement requirements for RTOA, gNB Rx-Tx time difference, and SRS-RSRP/RSRPP needs to be studied. Impact on measurement reporting delay requirements as well needs to be investigated.  
Measurement accuracy requirements 
Measurement accuracy requirements need to be defined for the preferred Rx architecture being investigated in the RF study, i.e. the single Rx architecture. As for Rel-17, high accuracy level may be achieved with N1 samples, such as 4 or higher, increasing latency, whilst lower accuracy yielding reduced latency may be achieved with lower N2 samples, such as 1 or 2. Thus comparison of accuracy achievable for 1 sample and 4 samples is deemed necessary. Using multiple CCs for positioning is a candidate for accuracy improvement so clearly the measurement accuracy requirements should be stricter compared with Rel-16/17. It should also be investigated how much higher the accuracy should be in order to justify the feature. 
Impairments 
Further work needs to be dedicated to impairments, such as group delay calibration error, timing/frequency error, phase coherency errors, phase center offsets, etc., which lead to additions of margins, similar as for Rel-16 and Rel-17.
RAN4 to study RRM impacts for PRS/SRS bandwidth aggregation on measurement period requirements, measurement reporting requirements, measurement accuracy requirements as well as additional margins for covering impairments following preferred scenarios, i.e. intra-band contiguous with simultaneous PRS/SRS transmission, preferred number of CC’s, support in connected and inactive RRC states. 
Carrier phase measurements 
The discussion is split into preferred scenarios and RRM impacts.
Preferred Scenarios
RAN4 so far did not discuss on scenarios for carrier phase measurements as RAN4 waits on RAN1 input. 
For the feasibility study [4], RAN1 has considered applying the same relevant evaluation assumptions, thus including scenarios, as for Rel-17 study [5] (Baseline: InF-SH, InF-DH, Optional: Indoor Open Office, Umi, Highway scenarios).
Thus, preferred configurations for carrier phase measurements are:
· Single carrier PRS/SRS transmission
Note, the preferred single carrier PRS/SRS transmission configuration does not preclude multiple PFLs but rather focuses the RRM study to one CC.
Thus, following proposal is made.
For the RRM impacts study, prioritize single carrier PRS/SRS transmission.
Another aspect is whether carrier phase measurements shall also be considered for RRC_INACTIVE. In this case the UE has to retune to the wider PRS bandwidth from the initial BWP similar as in Rel-17 and collisions with other reference signals and downlink channels need to be taken into account. In addition, similar as for PRS/SRS bandwidth aggregation, higher power consumption in receiving the wider PRS BW in RRC_INACTIVE is expected and has to be taken into account. The feasibility study should hence evaluate if the benefits outweigh the drawbacks.
Thus, the following proposal is made.
 Carrier phase measurements should also be investigated for RRC_INACTIVE.
RRM Impacts
Measurement period requirements
For carrier phase measurements, the measurement period requirements need to be revisited. Especially for wider PRS BW, the PRS transmission may thus be outside the active BWP and hence MG-assisted measurements are required in connected mode, in case the UE is not provided with a separate receiver for monitoring PRS. Or, the UE may be configured with an appropriate BWP that covers the PRS BW and hence supports gapless measurements allowing phase tracking over time. In case of gap-assisted measurements, in order to avoid higher latency due to MG sharing with RRM measurements, the use of concurrent MG with PRS association or pre-configured gap for positioning, both introduced in Rel-17, should be foreseen. 
Measurement reporting and reporting delay requirements
For carrier phase measurements, measurement reporting requirements need to be specified based on the reporting range and reporting granularity. New phase measurement type or differential phase measurement type is assumed to be introduced and the measurement results need to be reported to LMF. Based on RAN1 agreement, the phase/differential phase may be determined and reported per path, to improve accuracy in the multi-path scenario. Depending on the measurement types supported for carrier phase measurements, i.e. phase/differential phase measurements, timing measurements and RSRP/RSRPP measurements, as defined by RAN1, RAN4 has to adjust measurement reporting quantities, both for DL and UL measurements. Impact on measurement reporting delay requirements as well needs to be investigated.  
Measurement accuracy requirements 
Measurement accuracy requirements need to be defined for preferred PRS/SRS BW configurations. According to RAN1 TR [4], baseline performance will use a single measurement instance. The outcome of RAN1 study should provide further detail on whether multiple measurement instances will provide further higher accuracy.
Impairments 
Further work needs to be dedicated to impairments, such as group delay calibration error, timing/frequency error, phase coherency errors, phase center offsets, etc., which lead to additions of margins, similar as for Rel-16 and Rel-17.
RAN4 to study RRM impacts, based on existing and further RAN1 agreements, for carrier phase measurements on measurement period requirements, measurement reporting requirements, measurement accuracy requirements as well as additional margins for covering impairments following preferred scenarios, i.e. single carrier PRS or SRS transmission, support in connected and inactive RRC states. 
Conclusion
RRM impacts for both Rel-18 NR accuracy improvements, namely PRS/SRS bandwidth aggregation and carrier phase measurements, are discussed on high level in this contribution.
The following proposals are made.
1. For the RRM impacts study, prioritize intra-band contiguous CA with simultaneous PRS or SRS symbols transmitted for the different carriers in the same slot.
CA configurations with 2, 3 and 4 CCs should be investigated and the configuration with 2 CCs should be prioritized over 3 and 4 CCs.
PRS/SRS bandwidth aggregation should also be investigated for RRC_INACTIVE.
RAN4 to study RRM impacts for PRS/SRS bandwidth aggregation on measurement period requirements, measurement reporting requirements, measurement accuracy requirements as well as additional margins for covering impairments following preferred scenarios, i.e. intra-band contiguous with simultaneous PRS/SRS transmission, preferred number of CC’s, support in connected and inactive RRC states. 
For the RRM impacts study, prioritize single carrier PRS/SRS transmission.
Carrier phase measurements should also be investigated for RRC_INACTIVE.
RAN4 to study RRM impacts, based on existing and further RAN1 agreements, for carrier phase measurements on measurement period requirements, measurement reporting requirements, measurement accuracy requirements as well as additional margins for covering impairments following preferred scenarios, i.e. single carrier PRS or SRS transmission, support in connected and inactive RRC states. 
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