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Introduction
The specification of NR carrier phase positioning (NR CPP) is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
This contribution summarizes RAN4 #107 agreements and lists discussion on some of the open issues with regard to impacts to RRM core requirements for NR CPP. RAN1 #113 agreements are listed in Annex 1. The proposed draft LS to RAN2 and RAN1 on the support of NR CPP in RRC_IDLE state is appended in Annex 2.
Discussion
RAN4 agreements and open issues
RAN4 agreements and list of open issues from RAN4 #107 in WF [2] are captured below.
	1.1 Sub-topic 2-1 Measurement period requirements
Issue 2-1-1: Measurement period requirements for DL RSCP/DL RSCPD: 
Agreements:
· FFS: When DL RSCP/RSCPD is reported together with legacy positioning measurement, the same requirements should apply for DL RSCP/RSCPD and the associated legacy measurements.
· FFS whether to reuse the existing Rel-17 requirements based on RAN1 discussion on time window for CPP measurement. 
Issue 2-1-2: Gap conditions for DL carrier phase measurement requirements: 
Agreements:
· For DL carrier phase measurement in RRC_CONNECTED state, MG-based measurement requirements are defined. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Issue 2-1-3: Applicable RF frequencies for DL carrier phase measurement requirements: 
Agreements:
· For RSCP measurement: 
· The measurement is associated with the specific RF frequency. 
· This specific RF frequency is the center frequency of the DL PFL by default.
· For RSCPD measurement: 
· RF frequencies for target TRP and reference TRP should belong to same PFL. 
· RAN4 will define the requirements starting from the same RF frequency for target and reference TRP.  
Issue 2-1-4: Impact of UE mobility in RRC_CONNECTED: 
Agreements:
· FFS: The mobility impact in RRC_CONNECTED in Rel-17 can also be reused. 



	Issue 2-1-5: Impact of collisions with other signals/channels in RRC_INACTIVE: 
Agreements:
· FFS: The collision handling in RRC_INACTIVE state in Rel-17 can also be reused. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Issue 2-1-6: Applicable requirements for PRU: 
Agreements:
· The measurement period requirements defined in RAN4 apply to both target UE and PRU(s). 
1.2 Sub-topic 2-2 Measurement reporting requirements
Issue 2-2-1: Measurement reporting requirements for DL carrier phase measurement: 
Agreements:
· FFS: When RSCP or RSCPD is reported together with legacy measurements, measurement reporting delay requirements for legacy measurements apply for CP measurements. 
1.3 Sub-topic 2-3 Others
Issue 2-3-1: Report mapping for DL RSCP/RSCPD: 
Agreements:
· Reporting range: 
· [0, 360) degrees for DL RSCP.
· FFS for DL RSCPD. 
· Granularity is FFS
· Option 1: Fixed value
· Option 2: Up to NW configuration and UE capability
Issue 2-3-2: Report mapping for UL RSCP: 
Agreements:
· Same as DL RSCP. 
Issue 2-3-3: Simulation assumption for RSCPD: 
Agreements
· PRS configuration
· Reuse Rel-17 configuration of RSTD for RSCPD
· Side condition
· Reuse Rel-17 RSTD side condition for RSCPD
· Channel model: 
· AWGN
· TDL-A (30 ns delay spread, 5Hz Doppler spread)
· 2-tap model (same as for PRS-RSRPP)
· Number of samples: 
· Nsample = 1, 4
Other details can be found in R4-2310078 and its revision.



1. Scenarios for NR CPP
1.4.1 Targeted PRS bandwidth range
As NR CPP will use MG assisted measurements performed on a single PFL/carrier, the targeted PRS BW range for NR DL CPP in FR1 and FR2 should be aligned to Rel-16 for RRC_CONNECTED and to Rel-17 for RRC_INACTIVE. Previously, it has already been agreed that the measurement period requirements (formula) for DL measurements are agnostic to the PRS BW. Hence the same PRS BW range as for Rel-16 and Rel-17 should be considered for BW related RRM performance requirements for DL CPP in TS 38.133. 
Proposal 1: RAN4 to align the targeted PRS BW range for NR DL CPP in RRC_CONNECTED to that for positioning techniques specified in Rel-16 and in RRC_INACTIVE to that for positioning techniques specified in Rel-17 in regard to BW related RRM performance requirements.
Applicable RRC states
At RAN1 #113, RAN1 has further discussed applicability of NR CPP for RRC states. Support of NR CPP within measurements gaps in RRC_CONNECTED state and in RRC_INACTIVE state has already been agreed. RAN1 #113 also achieved following agreement on the support of NR CPP in RRC_IDLE state [3] (see Annex):
	
Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.



As support of positioning in RRC_IDLE has already been agreed for LPHAP, the signalling framework using LPP and RRC signalling will be specified by RAN2. NR CPP for UE-based / UE-assisted positioning in RRC_IDLE state will be limited to DL measurements RSCP and RSCPD being performed jointly with legacy DL PRS measurements, i.e. RSCP together with UE Rx-Tx time difference, or RSTD together with RSCPD, and optionally with PRS-RSRP and/or PRS-RSRPP. Hence PRS measurement configuration for RRC_IDLE state will need to be extended for both measurement types RSCP and RSCPD, and measurement reporting will be done in RRC_CONNECTED state aligned to LPHAP. In our view, RAN4 should specify measurement requirements for NR CPP in RRC_IDLE state assuming NR CPP DL measurement behaviour in RRC_INACTIVE state as baseline and wait for further progress of the RAN2 signalling framework for LPHAP. However, first priority for DL CPP should be assigned to operation in RRC_CONNECTED and RRC_INACTIVE states.
RAN4 to specify support for NR CPP DL measurements in RRC_IDLE state in Rel-18, based on the NR CPP DL measurement behaviour in RRC_INACTIVE state and the signalling framework for NR positioning in RRC_IDLE state for LPHAP currently designed by RAN2.
RAN4 assigns second priority to support for NR CPP DL measurements in RRC_IDLE state versus support of NR CPP in RRC_CONNECTED and RRC_INACTIVE states. 
In our view, RAN4 should send an LS to RAN1 and RAN2, if the first of the above two proposals is agreed. A draft LS can be found in Annex 2.
[bookmark: _Hlk141715094]RAN4 to inform RAN1 and RAN2 on the intention to specify UE measurement support for NR CPP DL for UE-based and UE-assisted positioning in Rel-18, if consensus is reached and request feedback from RAN2 on the impact to the signalling framework for LPHAP in RRC_IDLE state.
1. [bookmark: _Hlk141954838]Measurement period requirements in RRC_CONNECTED
[bookmark: _Hlk139369738]Time window configuration for DL CPP
RAN1 #113 achieved following agreements on the time window configuration for DL CPP [3] (see Annex):
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Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.
· FFS: the maximum number of the windows



It is noted that RAN1 will further study the duration of the time window for DL CPP in terms of number of consecutive slots/symbols. LMF will configure target UE and PRU(s) to perform NR CPP DL measurement in a sequence of time windows for DL CPP, which in case of RRC_CONNECTED state are overlapped with measurement gap occasions. 
The sequence of time windows for DL CPP needs to have overlapping with measurement gap occasions in RRC_CONNECTED state.  
PRS Muting for DL CPP 
It is observed that RAN1 has not specifically discussed usage of PRS muting for DL CPP in terms of intercell interference mitigation [3]. Thus, in our understanding RRM requirements for DL CPP should be designed for both cases no PRS muting and PRS muting, respectively. Since the PRS resources which are available for UE according to the PRS muting pattern can be shared for TOA estimation as well as for carrier phase (CP) measurement, there is no further RRM impact due to PRS muting compared to TOA estimation only, other than the configured PRS muting pattern scaling the measurement period.
RAN4 to design DL CPP for both cases no PRS muting and PRS muting, respectively. 
Joint reporting of DL CPP and legacy DL positioning measurements 
RAN4 #107 has discussed the scenario of coexistent NR CPP and legacy NR positioning techniques and identified the following agreement on joint measurement reporting with FFS aspects: 
	Issue 2-1-1: Measurement period requirements for DL RSCP/DL RSCPD: 
Agreements:
· FFS: When DL RSCP/RSCPD is reported together with legacy positioning measurement, the same requirements should apply for DL RSCP/RSCPD and the associated legacy measurements.
· FFS whether to reuse the existing Rel-17 requirements based on RAN1 discussion on time window for CPP measurement. 



Figure 1 illustrates the time windows according to RAN1 #113 agreements (see Annex 1).
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Figure 1: Time windows configuration for DL CPP (each window covers a duration of multiple slots/symbols including PRS resource repetition).
Assuming NR CPP DL measurements, using one or a sequence of time windows, are reported together with legacy positioning measurements as depicted in Figure 1, i.e. TOA and received power level measurements, i.e. RSCPD together with RSTD, PRS-RSRP and PRS-RSRPP or DL RSCP together with UE Rx-Tx time difference, PRS-RSRP and PRS-RSRPP, the measurement period for NR CPP DL and legacy positioning measurements can be different, hence either the measurement periods are aligned selecting the longer period or reporting is done according to the measurement requiring the longer measurement period. In case time windows are configured for DL CPP, RSCP measurements and TOA measurements for reference cell / target cells can be jointly performed and joint measurement reporting of NR CPP DL measurements and legacy positioning measurements should be supported, hence measurement reporting delay is same if configured together.
For Rel-16 NR positioning for concurrent measurements of PRS-RSRP and RSTD or PRS-RSRP and UE Rx-Tx time difference, the measurement period of the TOA measurement was reused by the PRS-RSRP measurement.
RAN4 to investigate joint measurement reporting of NR CPP DL CP measurements and legacy positioning TOA measurements based on independent measurement periods or the longer measurement period of both as common measurement period.
Applicable number of measurement instances
As agreed for RSTD in the simulation assumptions [3], RAN4 should investigate the performance and latency impact from using multiple measurement instances for the investigated propagation channels and reuse the number of samples in Rel-16 (4) and for latency reduction in Rel-17 (1) as baseline assumption. This also takes into account aligned measurement reporting for legacy positioning and NR CPP measurements if normal or reduced latency positioning is configured by LMF. 
RAN4 to investigate and specify measurement period, reporting, and accuracy requirements for DL RSCP and DL RSCPD measurements, for the cases of multiple measurement instances (N=4) and single measurement instance (N=1) aligned to requirements for UE Rx-Tx and RSTD measurements, specified in Rel-16 and in Rel-17 for reduced latency, respectively.
Time window configuration for UL CPP
RAN1 #113 achieved following agreements on the time window configuration for UL CPP.
	[image: ]
Agreement
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows



[bookmark: _Hlk141714465]It is noted that RAN1 will further study the duration of the time window for UL CPP in terms of number of consecutive slots/symbols. LMF will request serving gNB/TRP to configure UL SRS resources (UL SRS for positioning or MIMO SRS) of the target UE in one or several configured time windows for UL CPP and will also request serving gNB/TRP and neighbour gNBs/TRPs to receive these UL SRS resources in one or several configured time windows for UL CPP. Hence, the network is aware of target UE’s transmission and will not schedule data for DL or UL to target UE during the configured time windows for UL CPP and hence there is no collision with data in RRC_CONNECTED state. 
RAN4 to agree during the configured time windows for UL CPP there is no collision with data in RRC_CONNECTED state. 
Joint reporting of UL CPP and legacy UL positioning measurements 
RAN1 #112bis-e achieved following agreement on joint reporting of NR CPP with legacy NR positioning techniques.
	Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF


 
RAN4 #106bis-e has discussed related issue and identified the following agreement: 
	Issue 2-1-2: Measurement types to be defined for UL carrier phase measurement requirements: 
Agreements: 
· RAN4 not to define measurement period requirements for UL RSCP measurement and FFS for accuracy requirements. 



Thus, no measurement period requirements will be specified for UL RCSP. Whether being jointly reported with legacy UL positioning measurements, i.e. together with RTOA and/or gNB Rx-Tx time difference, can be left implementation specific, however according RAN1 agreement NRPPa needs to support joint measurement reporting, thus NRPPa signalling needs to be extended by the UL RSCP measurement type. 
Whether network supports joint measurement reporting of NR CPP UL measurements (i.e. UL RSCP) and legacy UL positioning measurements, is left implementation specific, however NRPPa needs to support it. 
Impact of UE mobility
RAN4 #107 has not achieved consensus on following issue. 
	Issue 2-1-4: Impact of UE mobility in RRC_CONNECTED: 
Agreements:

FFS: The mobility impact in RRC_CONNECTED in Rel-17 can also be reused.



The impact on measurement requirements for DL CPP due to mobility procedures should be investigated and specified by RAN4 similar as done for Rel-16/Rel-17 positioning techniques.
For DL CPP, in case of handover, Rel-16 has specified following requirement for RSTD in TS 38.133, clause 9.9.2.5.
	If handover occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements. The RSTD measurement period can be longer. The UE shall meet the RSTD measurement accuracy requirements in clause 10.1.23. 



In case of configured RSTD and RSCPD, the same measurement behaviour can be applied by the UE for the carrier phase measurement RSCPD as for the paired TOA measurement RSTD, hence the measurement period is extended to include the handover interruption time. 
RAN4 to use the Rel-16 measurement behaviour for RSTD in case of handover as baseline for measurement behaviour for RSCPD.
For DL CPP, in case of cell change, Rel-16 has specified following requirement for UE Rx-Tx time difference in TS 38.133, clause 9.9.4.5.
	When a serving cell change occurs during the measurement period, the UE shall continue and complete the UE Rx-Tx time difference measurement provided that the serving cell change does not impact SRS configuration for the UE Rx-Tx time difference measurement.



If the network configures DL RSCP together with UE Rx-Tx time difference, upon a serving cell change, DL RSCP of the new serving cell will be random. Thus, DL RSCP and UE Rx-Tx time difference measurements need to be restarted. This corresponds to the case of serving cell change with modified SRS configuration in Rel-16, for which the UE Rx-Tx time difference measurement needs to be restarted.
[bookmark: _Hlk141896628]Thus, RAN4 needs to modify the RRM requirement for serving cell change for DL CPP with configured DL RSCP and UE Rx-Tx time difference.
RAN4 to modify the RRM requirement for serving cell change for DL CPP with configured DL RSCP and UE Rx-Tx time difference such, that both measurements need to be restarted upon serving cell change.
[bookmark: _Hlk142646968]In addition, RRM impacts due to SRS configuration change and UL Tx timing change due to TA adjustment or UE autonomous timing adjustment need to be investigated by RAN4. Regarding UL Tx timing change, UE should keep using fixed Tx timing although the DL reception reference timing is changed in order to guarantee the measurement accuracy for UL RSCP.
RAN4 to investigate RRM impacts due to SRS configuration change and UL transmission timing change due to TA adjustment or UE autonomous timing adjustment.
RAN4 to investigate whether UE can keep using fixed Tx timing although the DL reception reference timing is changed in order to guarantee the measurement accuracy for UL RSCP.
Measurement period requirements in RRC_INACTIVE
RAN4 #107 has not achieved consensus on following issue. 
	Issue 2-1-5: Impact of collisions with other signals/channels in RRC_INACTIVE: 
Agreements:
· FFS: The collision handling in RRC_INACTIVE state in Rel-17 can also be reused. 



It is noted that the RAN4 #106bis-e agreement on this matter was:
· RAN4 to investigate and specify RRM impacts from NR DL CPP in RRC_INACTIVE such as collisions with other signals/DL channels, assuming Rel-17 requirements can be re-used.
Reviewing TS 38.133, clause 5.6.1 specifies the collision handling for PRS measurements and other DL signals/channels, as replicated below.
	The requirements in clauses 5.6.2, 5.6.3, 5.6.4 and 5.6.5 are applicable to PRS resources that do not collide with other DL signals/channels which include SSB, SIB1, CORESET0, MSG2/MSGB, paging and DL SDT. In addition, a UE is not expected to receive PRS resources that collide with a time interval starting at symbol m and ending at symbol m + N2, where symbol m is the last symbol in which the UE is configured to receive PDCCH and N2 is defined in clause 6.4 of [26, TS 38.214] for the subcarrier spacing μ of the DL PRS.
[bookmark: _Hlk97312717]If a PRS resource is outside the intitial DL BWP, a PRS resource instance collides with another DL signals/channels if any portion of the other DL signal/channel overlaps with the time interval starting X symbols before the PRS instance and ending X symbols after the PRS instance, taking into account nr-DL- PRS-ExpectedRSTD-Uncertainty and nr-DL-PRS-ExpectedRSTD. Where X is defined in Table 5.6.1-1.
Table 5.6.1-1: Value of X number of symbols
	FR
	[image: ]
	NR Slot 
length (ms)
	X symbols

	
	
	
	

	FR1
	0
	1
	7

	
	1
	0.5
	14

	
	2
	0.25
	28

	FR2
	2
	0.25
	14

	
	3
	0.125
	28

	Note 1:	The FR1 value applies if one or both of the serving cell and the positioning frequency layer are in FR1. FR2 value applies both of the serving cell and the positioning frequency layer are in FR2.







For RSTD and PRS-RSRP, it is specified that longer measurement period applies in case of collisions:
· Clause 5.6.2.5: “Longer RSTD measurement period is expected when there are collisions between PRS resources and other higher-priority DL signals/channels.”
· Clause 5.6.2.5: “Longer PRS-RSRP measurement period is expected when there is collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state.” 
For DL CPP, similar collision requirements are applicable, as the PRS resources are those being overlapped with the configured time window(s). When either of these PRS resources collides with other DL signals/channels such as SSB, SIB1, CORESET0, MSG2/MSGB, paging and DL SDT, the UE behaviour needs to be clarified in the requirements.
Thus, RAN4 needs to consider the case of collision of PRS resources in configured time window(s) with DL signals/channels, for defining the measurement behaviour for DL CPP.
RAN4 to consider the case of collision of PRS resources in configured time window(s) with DL signals/channels, such as SSB, SIB1, CORESET0, MSG2/MSGB, paging and DL SDT for defining the measurement behaviour for DL CPP in RRC_INACTIVE state.
Report mapping requirements
RAN4 #107 discussed different aspects on report mapping for DL and UL CPP measurements, such as appropriate report mapping tables, reporting range and reporting granularity.  
Reporting range for RSCPD
For report mapping requirements the following issue 2-3-1 was left open.
	Issue 2-3-1: Report mapping for DL RSCP/RSCPD: 
Agreements: 
· Reporting range: 
· [0, 360) degrees for DL RSCP.
· FFS for DL RSCPD. 
· Granularity is FFS
· Option 1: Fixed value
· Option 2: Up to NW configuration and UE capability



Related to the reporting range for RSCPD, it should be [-180, +180) degrees. 
RAN4 to define the reporting range [-180; +180) degrees for RSCPD.
Granularity for DL RSCP, UL RSCP and RSCPD
Related to the granularity in issue 2-3-1, we support option 2.
[bookmark: _Hlk141098128]The reporting granularity should be at least 1 degree, as confirmed by our RSCPD simulations [6]. In our view, it is preferable to reuse the reporting granularity for A-AoA in Rel-16 in TS 38.133 clause 13.4.1, which has a reporting granularity of 0.1 degree. Hence two granularity levels of 1 degree and 0.1 degree should be specified for FR1 and FR2. Thus, the reporting granularity needs to be configurable.  
RAN4 to specify two granularity levels of 1 degree and 0.1 degree for DL RSCP, UL RSCP and RSCPD in FR1 and FR2, which are configurable and depend on UE capability. 
Channel models for CPP measurement accuracy requirements
At RAN4 #107, agreement on following channel models for NR CPP was achieved:
	· Channel model: 
· AWGN
· TDL-A (30 ns delay spread, 5Hz Doppler spread)
· 2-tap model (same as for PRS-RSRPP)


 
While we support AWGN and the 2-tap-model, we see some issues with TDL-A channel model.
First, TDL-A is an NLOS channel model, hence not suited for NR CPP, which focus on LOS or ALOS channels. Second, RAN1 had agreement all NR CPP measurements are path related [4]. 
· For AWGN, the carrier phase of the static channel needs to be determined.
· For the 2-tap-channel model, the carrier phase of the first path needs to be determined.
· For TDL-A, the carrier phase is random for each path (Rayleigh fading applies for the tap coefficient) and independent between different channel realizations.
Hence for TDL-A, there is the difficulty how to define the carrier phase given the above. Thus, RAN4 needs to achieve consensus how to determine the carrier phase for TDL-A channel model. Until then, for the link level evaluation [5] we propose to use AWGN and 2-tap-channel model only.
RAN4 to achieve consensus how to determine the carrier phase for TDL-A channel model.
For AWGN channel model, we provide our simulation results in [6].
SINR side conditions for DL RSCP
At RAN#107, SINR side conditions for RSCPD were agreed as follows [5]:
	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB] in FR1 and FR2 
	For RSCPD: 
(-6, -13, -13) dB for NSample = 4;  
(-3, -6, -6) dB for NSample = 1. 





This is aligned to simulated side conditions for RSTD and PRS-RSRP [7] and to Rel-16/Rel-17 requirements in TS 38.133: 
	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB] in FR1 and FR2
	(-6, -13, -13) dB for NSample = 4;  
(-3, -6, -6) dB for NSample = 1



Thereagainst, side conditions for DL RSCP were left open. 
Considering simulated side conditions for UE Rx-Tx time difference [8] and Rel-16/Rel-17 requirements in TS 38.133: 
· Es/Iot = -3dB for serving cell and Es/Iot = -13dB for neighbor cell for NSample = 4 in FR1 and FR2, and
· Es/Iot = 0dB for serving cell and Es/Iot = -6 dB for neighbor cell for NSample = 1 in FR1 and FR2,
We propose to align side conditions for DL RSCP simulations with 3 cells as follows:
	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	(-3, -13, -13) dB for NSample = 4;  
(0, -6, -6) dB for NSample = 1;  
	(-3, -13, -13) dB for NSample = 4;  
(0, -6, -6) dB for NSample = 1;  



RAN4 to specify the same SINR side condition for the NR carrier phase measurement DL RSCP as for UE Rx-Tx time difference for Rel-16/Rel-17 positioning, i.e. 
	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	(-3, -13, -13) dB for NSample = 4;  
(0, -6, -6) dB for NSample = 1;  
	(-3, -13, -13) dB for NSample = 4;  
(0, -6, -6) dB for NSample = 1;  



Conclusion
RRM impacts for NR carrier phase positioning (NR CPP) being one of the objectives in the Rel-18 WID on expanded and improved positioning [1], are investigated in this contribution.
The following observations and proposals are made. 
Scenarios for NR CPP
1. RAN4 to align the targeted PRS BW range for NR DL CPP in RRC_CONNECTED to that for positioning techniques specified in Rel-16 and in RRC_INACTIVE to that for positioning techniques specified in Rel-17 in regard to BW related RRM performance requirements.
Measurement period requirements in RRC_CONNECTED
RAN4 to specify support for NR CPP DL measurements in RRC_IDLE state in Rel-18, based on the NR CPP DL measurement behaviour in RRC_INACTIVE state and the signalling framework for NR positioning in RRC_IDLE state for LPHAP currently designed by RAN2.
RAN4 assigns second priority to support for NR CPP DL measurements in RRC_IDLE state versus support of NR CPP in RRC_CONNECTED and RRC_INACTIVE states. 
RAN4 to inform RAN1 and RAN2 on the intention to specify UE measurement support for NR CPP DL for UE-based and UE-assisted positioning in Rel-18, if consensus is reached and request feedback from RAN2 on the impact to the signalling framework for LPHAP in RRC_IDLE state.
The sequence of time windows for DL CPP needs to have overlapping with measurement gap occasions in RRC_CONNECTED state.
RAN4 to design DL CPP for both cases no PRS muting and PRS muting, respectively. 
1. For Rel-16 NR positioning for concurrent measurements of PRS-RSRP and RSTD or PRS-RSRP and UE Rx-Tx time difference, the measurement period of the TOA measurement was reused by the PRS-RSRP measurement.
RAN4 to investigate joint measurement reporting of NR CPP DL CP measurements and legacy positioning TOA measurements based on independent measurement periods or the longer measurement period of both as common measurement period.
RAN4 to investigate and specify measurement period, reporting, and accuracy requirements for DL RSCP and DL RSCPD measurements, for the cases of multiple measurement instances (N=4) and single measurement instance (N=1) aligned to requirements for UE Rx-Tx and RSTD measurements, specified in Rel-16 and in Rel-17 for reduced latency, respectively.
RAN4 to agree during the configured time windows for UL CPP there is no collision with data in RRC_CONNECTED state. 
Whether network supports joint measurement reporting of NR CPP UL measurements (i.e. UL RSCP) and legacy UL positioning measurements, is left implementation specific, however NRPPa needs to support it. 
RAN4 to use the Rel-16 measurement behaviour for RSTD in case of handover as baseline for measurement behaviour for RSCPD.
RAN4 to modify the RRM requirement for serving cell change for DL CPP with configured DL RSCP and UE Rx-Tx time difference such, that both measurements need to be restarted upon serving cell change.
RAN4 to investigate RRM impacts due to SRS configuration change and UL transmission timing change due to TA adjustment or UE autonomous timing adjustment.
RAN4 to investigate whether UE can keep using fixed Tx timing although the DL reception reference timing is changed in order to guarantee the measurement accuracy for UL RSCP.
Measurement period requirements in RRC_INACTIVE
RAN4 to consider the case of collision of PRS resources in configured time window(s) with DL signals/channels, such as SSB, SIB1, CORESET0, MSG2/MSGB, paging and DL SDT for defining the measurement behaviour for DL CPP in RRC_INACTIVE state.
Report mapping requirements
RAN4 to define the reporting range [-180; +180) degrees for RSCPD.
RAN4 to specify two granularity levels of 1 degree and 0.1 degree for DL RSCP, UL RSCP and RSCPD in FR1 and FR2, which are configurable and depend on UE capability.
Channel models for CPP measurement accuracy requirements
RAN4 to achieve consensus how to determine the carrier phase for TDL-A channel model.
SINR side conditions for DL RSCP
RAN4 to specify the same SINR side condition for the NR carrier phase measurement DL RSCP as for UE Rx-Tx time difference for Rel-16/Rel-17 positioning, i.e. 
	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	(-3, -13, -13) dB for NSample = 4;  
(0, -6, -6) dB for NSample = 1;  
	(-3, -13, -13) dB for NSample = 4;  
(0, -6, -6) dB for NSample = 1;  
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Annex 1: RAN1 Agreements on NR CPP
RAN1 #112
	
Conclusion
A PRU can report its location and associated uncertainty as is the case for other UEs. It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled, where decoupled means that the PRU location information is determined independently of the reported measurements, even if the PRU location information and the PRU measurements would be included in the same report.
Agreement
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.
Agreement
The draft LS reply in R1-2302145 is endorsed. Final LS in R1-2302146.
Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP
Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements
Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP

Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP
Agreement
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE
Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.
[bookmark: _Hlk130924916]Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.




RAN1 #112bis
	
Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.

Agreement
Support one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2: 
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame

Agreement
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated] UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window

Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_ INACTIVE state

Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose.
· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.

Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF
· Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
· Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.

Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 

Agreement
For NR UL carrier phase positioning for UE in RRC_CONNECTED and RRC_INACTIVE states, support reuse of existing physical layer procedures for UL positioning (e.g., UL-TDOA), with necessary enhancements in the measurement configuration, measurement request and measurement report (e.g., the configuration related to the NR UL CPP).
· FFS: the details of the enhancements.

Agreement
Adopt one of the following options for a timestamp associated with a reported RSCP/RSCPD measurement (make the decision in RAN1#113): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
· FFS: Whether to clarify in the specification the reported RSCP/RSCPD value presents the RSCP/RSCPD of a specific OFDM symbol within the slot identified by the NR-TimeStamp.
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.

Agreement
To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of \the UE/TRP Tx/Rx PEGs
· Option 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.




RAN1 #113
	
Agreement
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for both frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for both frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for measurement reporting.
[image: ]
Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.
Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL
Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.
Agreement
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows
Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.
· FFS: the maximum number of the windows





Annex 2: Proposed Draft LS to RAN2
3GPP TSG-RAN WG4 Meeting #108	R4-231XXXX
Toulouse, France, August 21 – 25, 2023
	
Title:	[Draft] LS on Support of NR CPP in RRC_IDLE state
Response to:	-
Release:	Release 18
Work Item:	NR_pos_enh2-Core

Source:	RAN4
To:	RAN2
Cc:	RAN1

Contact Person:	
Name:	Juergen Hofmann
E-mail Address:	juergen.hofmann@nokia.com 

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None.


1. Overall Description:
RAN4 noticed the recent RAN1 #113 agreement in R1-2305972 on the potential support of NR CPP in RRC_IDLE state:
	
Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.



As support of positioning in RRC_IDLE has already been agreed for LPHAP in the NR_pos_enh2 work item, RAN4’s understanding is that the signalling framework using LPP and RRC signalling will be specified by RAN2. 
From RAN1 discussion, RAN4’s understanding further is that NR CPP for UE-based / UE-assisted positioning in RRC_IDLE state will be limited to DL measurements RSCP and RSCPD being performed jointly with legacy DL PRS measurements such as RSCP together with UE Rx-Tx time difference, or RSTD together with RSCPD, and optionally with PRS-RSRP and/or PRS-RSRPP. 
Thus, no new measurement types need to be defined for NR CPP in RRC_IDLE state. Hence the PRS measurement configuration specified for LPHAP for RRC_IDLE state will need to be extended by both measurement types RSCP and RSCPD, respectively, and measurement reporting is expected to be done in RRC_CONNECTED state aligned to LPHAP. RAN4 is of the opinion that the impacts from adding NR CPP in RRC_IDLE state are rather limited. 
Therefore, RAN4 would like to request feedback from RAN2 on the feasibility to extend the LPHAP signalling framework for RRC_IDLE state to include NR CPP support. In regard to RRM requirements, RAN4 will assign second priority to NR CPP support in RRC_IDLE versus NR CPP support in RRC_CONNECTED and RRC_INACTIVE states in Rel-18. 
RAN4 respectfully asks RAN2 to provide feedback on the feasibility to extend the LPHAP signalling framework for RRC_IDLE state to include NR CPP support.

2. Actions:
To RAN2
ACTION: 	RAN4 respectfully asks RAN2 to provide feedback on the feasibility to extend the LPHAP signalling framework for RRC_IDLE state to include NR CPP support.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #108bis             	9th - 13th October 2023		Xiamen, CN 
TSG-RAN WG4 Meeting #109	13th - 17th November 2023 	Chicago, US
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Adopt the following modifications on the agreements made in RAN1#112bis-¢:
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o FFS: the details of the time window, e.g., the start time, duration, periodicity for the time
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Adopt the following modifications on the agreements made in RAN1#112bis-e:

To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following
enhancements:
e Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated} UL
SRS resources from the UE within indicated time window(s).
o FFS: the details of the time window, e.g., the start time, duration, periodicity for the time
window(s), within the vicinity of a reference SRS configuration or use the existing message of
Scheduled Location time
e Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated]
UL SRS resources from the UE within indicated time window(s).
o Note: this may be a different indicated time window

To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following |
enhancements:
e Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on
findicated} DL PRS resources sets occurring within indicated time window(s).
e FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration,
periodicity for the time window(s), as well as the relationship with the Scheduled Location time.




