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Introduction
RAN#97e revised SID on study on expanded and improved NR positioning [1]. Revised SID has identified the following objectives for RAN4:
· 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.

In the chapter to follow, RRM aspects related to bandwidth aggregation for positioning and NR carrier phase measurement-based positioning are discussed.
Discussion
RRM aspects of bandwidth aggregation for positioning
NR PRS follows a configuration hierarchy where PFL is at the highest level and PRS resource ID is at the bottom of the hierarchy as shown in Figure 1. In NR positioning a PFL is configured to UE that consists of one or more DL PRS resource sets and each resource set consists of one or more PRS resources. Within a PFL PRS resources and resource sets share the following parameters:
· All DL PRS resources and DL PRS resource sets have the same value of dl-PRS-SubcarrierSpacing.
· All DL PRS resources and DL PRS resource sets have the same value of dl-PRS-CyclicPrefix.
· All DL PRS resource sets have same common PointA.
· All DL PRS resource sets have the same value of dl-PRS-CombSizeN.
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Figure 1. PRS configuration hierarchy.

Based on the PRS configuration hierarchy, bandwidth aggregation for positioning measurement by a UE with multicarrier (MC) capability would mean the following:
· UE shall combine PRS resources from different PFLs/carriers that share same numerology.
· Resources or resource sets from different PFLs/carriers must be from the same TRP or co-located TRPs.
· Bandwidth of PRS resources to be aggregated from different PFLs/carriers can be different.
Proposal 1: PRS resources sharing the same numerology across carriers/PFLs can only be aggregated for MC positioning measurements.
Proposal 2: PRS resources in different carriers/PFLs from the same TRP or co-located TRPs can only be aggregated for MC positioning measurements.
Proposal 3: PRS resources to be aggregated for MC positioning measurements from different PFLs/carriers can have different bandwidths.
A UE capable of multicarrier (MC) operation for communication (MCCC) (i.e. carrier aggregation (CA) and/or NR dual connectivity (NR-DC) typically reports its MC communication capability (MCCC) to the serving cell. Serving cell (i.e. gNB) then configures the UE with a primary secondary carrier (PSC) (if DC is used) and depending on the need, dynamically or semi-statically configures or de-configures the UE with one or more secondary component carrier (SCC). The configured PSCell and SCells can also be activated or deactivated. In this sense, the network is aware of MCCC of the UE and the number of CCs a UE is configured to aggregate resources from multiple carriers or frequency layers for communication at a given point of time. 
Observation 1: Number of carriers/frequency layers configured to UE for CA/DC communication can be changed dynamically/semi-statically. Number of activated SCells may also be changed over time.
For MC positioning measurements it shall therefore be straight forward for the network to derive the number of carriers/frequency layers a UE can be configured to aggregate PRS resources from and identify MC positioning capability (MCPC) of the UE. Depending on the MCPC, network may configure the UE with number of carriers/PFLs for MC positioning measurement which may have an impact on measurement period requirement. 
Proposal 4: Depending on the MCPC capability of UE capability, the LMF will configure the UE with two or more carriers/PFLs for MC positioning measurements.
Proposal 5: The number of carriers/PFLs with which UE is configured for MC positioning measurement has an impact on MC positioning measurement period.
Typically, the UE may partially or fully reuse its RF resources including RX chains for MCCC for performing MC positioning measurements. Therefore, the MCPC of the UE may depend on whether the MC positioning measurement is expected to be done within the measurement gap (MG) or outside of the MG. If the UE is configured for MC positioning measurement outside of the MG, then the carriers that UE may be configured for CA/DC operation for communication may or may not be possible to use for aggregating the PRS resources for MC positioning measurement. Therefore, the MCPC for the MC positioning measurement may change based on the number of carriers currently used for the CA/DC operation for communication. However, one challenge is that the LMF may not be aware of the ongoing CA/DC operation for communication. In contrast if the UE is configured to perform MC positioning measurement within MG, then the UE can be configured with all carriers, maximum up to its MCCC, to aggregate PRS resources.
Observation 2: The UE may typically fully or partially reuse its RF resources for MC communication for performing MC positioning measurements.
Observation 3: The LMF which configures UE for performing MC positioning measurements may not be aware of the ongoing CA/DC operation for communication.
Proposal 6: Evaluate MCPC and its impact on RRM when MC positioning measurement is done within MG. 
Proposal 7: Evaluate MCPC and its impact on RRM when MC positioning measurement is done outside of the MG. 
RRM aspects of NR carrier phase measurement-based positioning

Issues on carrier phase measurement for positioning has been discussed in the last two RAN1 meetings, RAN1#109e and RAN1#110. Agreements from these meetings are listed below:

# Agreements from RAN1#109e
In RAN1#109e issues related to carrier phase measurements for positioning were discussed. As an output of the discussion the following were agreed [2]:

Agreement 
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance. 
 
Agreement 
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI. 
 
Agreement 
The study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include: 
· UE-based and UE-assisted carrier phase positioning, 
· UL carrier phase positioning and DL carrier phase positioning. 
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies 
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc. 
· Note: The use of “carrier phase positioning” does not necessarily mean it is a standalone positioning method 
· FFS: whether SL carrier phase positioning is to be discussed in Rel-18 SI  
 
Agreement 
· The impact of multipath for the carrier phase positioning will be evaluated during the SI  
· The methods of mitigating the impact of multipath for the carrier phase positioning will be studied during the SI, if it is considered to be necessary after the evaluation. 
  
Agreement 
· Reuse the simulation assumptions of NR Rel-16/17 for carrier phase positioning 
· Note: Optional modification of the simulation assumptions defined in NR Rel-16/17 are allowed only if needed.  
· The evaluation scenarios: 
· Baseline: InF-SH, InF-DH 
· Optional: IOO, Umi, Highway 
· Note 1: Other evaluation scenarios are not precluded. 
· Note 2: Existing Rel-17 DL/UL reference signals in Uu interface is to be used for the Highway scenario. 
· Frequency range:  
· Baseline: FR1 
· Optional: FR2 
 
Agreement 
· In addition to the evaluation assumptions of NR Rel-16/17, the following error sources may also be considered during the evaluation: 
· Phase noise (FR2) 
· CFO/Doppler 
· Oscillator-drift 
· Transmitter/receiver antenna reference point location errors 
· Transmitter/receiver initial phase error 
· Phase center offset 
· Note: Other error sources are not precluded 
· Note: UE mobility can be considered in the evaluations 
· Note: one or more error sources can be evaluated jointly 
· Note: companies should provide the error sources model with their evaluations 
 
Agreement 
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP). 
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles.  
 
Agreement 
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1. 

# Agreements from RAN1#110 

Agreements from RAN1#109e are further complemented by the following agreements made in the last RAN1 meeting [3]:
Agreement 
Endorse the templates in section 17 under (H)(Round 1) Proposal 17-1 in R1-2207690 to collect carrier-phase based positioning simulation results, with the following notes: 
· The TR editor can adjust the sections/sub-sections arrangement 
· Adjust the titles of the tables to refer to NR carrier-phase based positioning 
· The detailed rows of the tables can be further discussed  
Agreement 
In the evaluation of NR carrier phase positioning, the following frequency errors can be considered, which are modeled independently for each UE and each TRP: 
· Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]): 
· Ideal: 0 (UE/TRP) 
· Practical: uniform distribution within  
· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE),  
· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE), 
· [-10, +10] Hz (for each TRP, FR1), 
· [-40, +40] Hz (for each TRP, FR2). 
· Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix): 
· Ideal: 0 (UE/TRP) 
· Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration 
· Note: The Doppler frequency can be determined based on the UE speed in the evaluation assumption. 

Agreement 
In the evaluation of NR carrier phase positioning, the offset between the initial phase of the transmitter and the initial phase of the receiver can be modeled as a random variable uniformly distributed within [0, X]. 
·  Possible values of X: 2pi 
· Other values FFS 
 
Agreement 
In the evaluation of NR carrier phase positioning, the antenna reference point (ARP) location error of a TRP can be modeled as follows:  
· Ideal: no ARP error 
· Practical: a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction 

Agreement 
In the evaluation of NR carrier phase positioning, the following the UE/TRP antenna phase center offset (PCO) model can be considered as the starting point:  
 
dPCO =  a * dPhi + w							
where	 
· a is the scale factor, a=[0, 1, 3] 
· FFS: other values 
· dPhi is the direction difference (in degrees): 
· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE). 
· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs. 
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees 
· FFS: value of X or left up to companies 
· Note: the above model is valid only when absolute value of dPhi < Y degrees 
· FFS: value of Y or left up to companies 
 
Agreement 
For the evaluation of NR carrier phase positioning, UE position can be calculated by the use of the carrier phase measurements obtained at the M sequential time instances, where  
· Baseline:  
· M=1 
· Optional:  
· M=4 
· Other values of M  
· Companies should report their assumptions on UE mobility (e.g. speed) 
 
Agreement 
Further evaluate the following multipath mitigation methods for the carrier phase positioning, which include, but are not limited to, the following: 
· The methods of estimating the carrier phase of the first path 
· Note: Both time-domain and frequency-domain methods can be considered 
· LOS/NLOS/ Multi-path indication for the carrier phase measurements for improving the accuracy of the position calculation 
· Rel-17 LOS/NLOS indicator can be used as the starting point 
· measurements of the first path and additional paths 
· E.g.carrier phase measurements, timing measurements 
· other channel information, such as RSRP/RSRPP, CIR/CFR, etc. 

From the RAN1 agreements listed above, it shall be observed that the aspects related to reference signal to be used and physical layer procedures for carrier phase measurement are yet to be settled. Re-using Rel. 17 NR PRS for carrier phase measurement or a justified need of new reference signal for carrier phase measurement, both are still within the scope of SI. Re-using Rel. 17 NR PRS would also imply reusing Rel. 17 NR positioning physical layer procedure for carrier phase measurement-based positioning. In this case impact on RRM due to NR carrier phase measurement will be no different than the impact due to Rel. 17 positioning procedure. If justified and new reference signal dedicated to carrier phase measurement is introduced, this would imply a new physical layer procedure will be required for carrier phase measurement-based positioning to work. Therefore, to better understand the implications of carrier phase measurement on RRM, RAN4 shall wait for RAN1 conclusions on  reference signal and physical layer procedure. Moreover, it is still not clear whether carrier phase measurement-based positioning will be defined as a stand-alone technique or is going to be implemented complementary to Rel. 17 positioning. This issue might also have an impact on RRM that needs to be investigated. 

Observation 4: Aspects related to reference signal to be used and physical layer procedures for carrier phase measurement are yet to be settled in RAN1. 

Observation 5: Re-using Rel. 17 NR PRS would imply reusing Rel. 17 NR positioning physical layer procedure for carrier phase measurement-based positioning with no significant impact on RRM.

Observation 6: If a new dedicated reference signal is defined for carrier phase measurement, this would imply a new physical layer procedure and might have an impact on RRM.

Observation 7: It is not clear whether carrier phase measurement-based technique is going to be defined as a standalone positioning method or is going to be implemented complementary to Rel. 17 positioning methods. 

Proposal 8: RAN4 to wait for RAN1 conclusions on reference signal and physical layer procedure related to carrier phase measurement before evaluating impact on RRM. 
Summary
In this paper we presented our view on RRM aspects of expanded and improved NR positioning. The discussions presented in chapter 2 are summarized in the following observations and proposals:
Proposal 1: PRS resources sharing the same numerology across carriers/PFLs can only be aggregated for MC positioning measurements.
Proposal 2: PRS resources in different carriers/PFLs from the same TRP or co-located TRPs can only be aggregated for MC positioning measurements.
Proposal 3: PRS resources to be aggregated for MC positioning measurements from different PFLs/carriers can have different bandwidths.
Observation 1: Number of carriers/frequency layers configured to UE for CA/DC communication can be changed dynamically/semi-statically. Number of activated SCells may also be changed over time
Proposal 4: Depending on the MCPC capability of UE capability, the LMF will configure the UE with two or more carriers/PFLs for MC positioning measurements.
Proposal 5: The number of carriers/PFLs with which UE is configured for MC positioning measurement has an impact on MC positioning measurement period.
Observation 2: The UE may typically fully or partially reuse its RF resources for MC communication for performing MC positioning measurements.
Observation 3: The LMF which configures UE for performing MC positioning measurements may not be aware of the ongoing CA/DC operation for communication.
Proposal 6: Evaluate MCPC and its impact on RRM when MC positioning measurement is done within MG. 
Proposal 7: Evaluate MCPC and its impact on RRM when MC positioning measurement is done outside of the MG. 
Observation 4: Aspects related to reference signal to be used and physical layer procedures for carrier phase measurement are yet to be settled in RAN1. 

Observation 5: Re-using Rel. 17 NR PRS would imply reusing Rel. 17 NR positioning physical layer procedure for carrier phase measurement-based positioning with no significant impact on RRM.

Observation 6: If a new dedicated reference signal is defined for carrier phase measurement, this would imply a new physical layer procedure and might have an impact on RRM.

Observation 7: It is not clear whether carrier phase measurement-based technique is going to be defined as a standalone positioning method or is going to be implemented complementary to Rel. 17 positioning methods. 

Proposal 8: RAN4 to wait for RAN1 conclusions on reference signal and physical layer procedure related to carrier phase measurement before evaluating impact on RRM.
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