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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 #108bis agreements and lists discussion on some of the open issues with regard to impacts to RRM core requirements for NR CPP. RAN1 #114bis agreements are listed in Annex.
Discussion
RAN4 agreements and open issues
RAN4 agreements and list of open issues from RAN4 #108bis are captured below [2]. More details are available in [3]. 
	[bookmark: _Hlk146185777]Sub-topic 2-1 Measurement period requirements
Issue 2-1-1: PRS measurement period requirements for DL RSCP/DL RSCPD: 
Agreements:
· When LMF requests the UE to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s) for a PFL, and UE supports FG 41-2-3, the Twindow needs to be considered in the measurement period: 
· For periodic time window, 
· Option A: adopt the following updates to the existing measurement period requirements for the PFL: 
· Tavailable is defined as LCM(Tprs, MGRP, Twindow), where Twindow is the maximum periodicity of the indicated time window(s)
· When calculating Lprs and Tprs, only the PRS resources in the indicated resources sets and overlapped with both the MG and the indicated time window(s) are considered. 
· Option B: reuse the existing requirement under the condition that the configuration of MGRP and Twindow is aligned. 
· For one-shot time window case, the measurement is within the indicated time window. 
· Otherwise, further check whether the legacy measurement period requirements apply. 
Issue 2-1-3: PRS measurement period requirements for legacy measurements with time window(s) (without CPP)configured by LMF: 
Agreements: 
· It is RAN4 understanding that legacy UE positioning measurements performed within time window(s) without CPP configured by LMF is not within the scope of the Rel-18 WI. 



	Sub-topic 2-2 CPP measurement reporting 
Issue 2-2-1: Report mapping for UL RSCP 
Agreements: 
· Send LS to inform RAN3 the report mapping for UL RSCP which is same as DL RSCP as agreed in previous meeting. 
Issue 2-2-2: phase quality indication
Agreements: 
· Phase quality indication is not supposed to be decided by RAN4.
· RAN4 understanding is that the phase quality indication should be decided by RAN1 and the corresponding signaling should be developed by RAN2 based on RAN1 input. 
Issue 2-2-3: Solutions to reduce the impact of carrier frequency offset: 
Agreements: 
· RAN4 to study any possible impact of carrier frequency offset on CPP measurement requirements. 
Sub-topic 2-3 Accuracy requirements
Issue 2-3-1: Channel model
Agreements: 
· Define accuracy requirements for DL RSCPD measurement based on the simulation results in AWGN and Two-Tap channel. 
· RAN4 not to consider NLOS fading channel for simulation and requirements for RSCPD. 
Issue 2-3-2: Side condition
Agreements:
· Reuse the Rel-17 RSTD side condition to DL RSCPD measurement requirements. 
· Reuse the Rel-17 UE Rx-Tx time difference side condition to DL RSCP measurement requirements.  


Following open issues were identified in RAN4#108bis [2].
	Sub-topic 2-1 Measurement period requirements
Issue 2-1-2: CPP measurement in RRC_IDLE state: 
Way Forward: 
· Option 1: 
· RAN4 to define the CPP measurements requirements in RRC_IDLE state if time allows.
· Option 2: 
· Deprioritize CPP measurement in RRC_IDLE state.



	Sub-topic 2-3 Accuracy requirements
Issue 2-3-3: PRS configuration
Way Forward: 
· Option 1: 
· RAN4 to align the targeted PRS BW range for NR DL CPP to that for legacy measurement (RSTD/UE Rx-Tx). 
Issue 2-3-4: Accuracy requirements for DL carrier phase measurement: 
Way Forward: 
· Proposal 1: 
· Do not define absolute measurement accuracy requirements for DL RSCP.
· Proposal 2: 
· Define DL RSCPD measurement accuracy requirements for single sample measurements.
Issue 2-3-5: Accuracy requirements for UL carrier phase measurement: 
Way Forward: 
· Option 1: 
· The gNB accuracy measurement requirements of UL RSCP NG-RAN node assisted positioning shall be defined. 
· Option 2: 
· RAN4 to discuss whether and how to define accuracy requirements for UL RSCP in Perf part of the WI.   



0. [bookmark: _Hlk141715094][bookmark: _Hlk141954838]Measurement period requirements in RRC_CONNECTED
[bookmark: _Hlk139369738]Time window configuration for DL CPP
RAN1 #114bis achieved following agreements on the time window configuration for DL CPP (see Annex):
	· [image: ]



Figure 1 illustrates the time windows according to RAN1 #113, RAN1 #114 and RAN1 #114bis agreements (see Annex 1).
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Description automatically generated with medium confidence]MGRP = 80 ms

Figure 1: Time windows configuration for DL CPP (each window covers a duration of multiple slots/symbols including PRS resource repetition)
RAN1 has agreed how to configure start and duration of up to two time windows for DL CPP in terms of number of consecutive slots. LMF will configure target UE and PRU(s) to perform NR CPP DL measurement in the sequence of configured time windows for DL CPP, which, in case of RRC_CONNECTED state, are at least partially overlapped with measurement gap occasions. 
Thus, for time windows with up to 6 slots, GP#0 or GP#1 are suitable, alternatively for time windows with up to 3 slots shorter MGs with MGL=3ms or up to 4 slots MGs with MGL= 4ms, in case of per-UE measurement gaps.  For longer time windows, use of measurement gaps for positioning use case is foreseen, i.e. for 8 slots, GP #24 with MGL=10ms is needed and for 12 and 16 slots GP #25 with MGL=20ms. Suitable gap patterns (GP) for per-UE MG or per-FR MG in FR1 are depicted in Table 1, for per-FR MG in FR2 in Table 2. 
	Time window length
	Suitable GP
	MGRP

	1ms
2ms
	#2 (MCL=3ms), #3 (MCL=3ms)
#10 (MCL=3ms), #11 (MCL=3ms)
#6 (MCL=4ms), #7 (MCL=4 ms)
#8 (MCL=4ms), #9 (MCL=4 ms)
#0 (MCL=6ms), #1 (MCL=6ms)
#4 (MCL=6ms), #5 (MCL=6ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	40ms, 80ms
20ms, 160ms
20ms, 40ms
80ms, 160ms
40ms, 80ms
20ms, 160ms
80ms
160ms

	4ms
	#0 (MCL=6ms), #1 (MCL=6ms)
#4 (MCL=6ms), #5 (MCL=6ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	40ms, 80ms
20ms, 160ms
80ms
160ms

	6ms
	#24 (MCL=10ms)
#25 (MCL=20ms)
	80ms
160ms

	8ms
	#24 (MCL=10ms)
#25 (MCL=20ms)
	80ms
160ms

	12ms
	#25 (MCL=20ms)
	160ms

	16ms
	#25 (MCL=20ms)
	160ms


Table 1: Time window support in case of configured per-UE MG or per-FR MG in FR1.
	Time window length
	Suitable GP
	MGRP

	1ms
	#20 (MCL=1.5ms), #21 (MCL=1.5ms)
#22 (MCL=1.5ms), #23 (MCL=1.5ms)
#16 (MCL=3.5ms), #17 (MCL=3.5ms)
#18 (MCL=3.5ms), #19 (MCL=3.5ms)
#12 (MCL=5.5ms), #13 (MCL=5.5ms)
#14 (MCL=5.5ms), #15 (MCL=5.5ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	20ms, 40ms
80ms, 160ms
20ms, 40ms
80ms, 160ms
20ms, 40ms
80ms, 160ms
80ms
160ms

	2ms
	#16 (MCL=3.5ms), #17 (MCL=3.5ms)
#18 (MCL=3.5ms), #19 (MCL=3.5ms)
#12 (MCL=5.5ms), #13 (MCL=5.5ms)
#14 (MCL=5.5ms), #15 (MCL=5.5ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	20ms, 40ms
80ms, 160ms
20ms, 40ms
80ms, 160ms
80ms
160ms

	4ms
	#12 (MCL=5.5ms), #13 (MCL=5.5ms)
#14 (MCL=5.5ms), #15 (MCL=5.5ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	20ms, 40ms
80ms, 160ms
80ms
160ms


Table 2: Time window support in case of configured per-FR MG in FR2.
For each duration of the time window, RAN4 to define appropriate measurement gap patterns for per-UE MG and per-FR MG according to Table 1 and Table 2. 
The sequence of time windows for DL CPP needs to have at least partial overlapping with measurement gap occasions in RRC_CONNECTED state.  
Alignment of CPP measurement period with that for other positioning measurements
Joint reporting of CPP measurements with other existing PRS measurements as well as common measurement period were agreed at RAN4 #108. 
	Issue 2-1-1: PRS measurement period requirements for DL RSCP/DL RSCPD: 
Agreements:
· RSCP/RSCPD is reported together with other positioning measurement(s) and the same measurement period requirement (i.e., Rx-Tx time difference/RSTD measurements) should apply.
· FFS: whether the existing Rx-Tx time difference/RSTD measurement periods apply



The open issue here is whether the common measurement period is based on existing measurements (RSTD or UE Rx-Tx, respectively) or based on the CPP measurements (RSCPD or DL-RSCP, respectively). Based on latest RAN1 #114 agreement, measurement periods are dependent on whether reduced number of measurement samples is configured for UE Rx-Tx time difference or RSTD, respectively. If configured, measurement periods can be aligned and are based on measurement requirements for reduced number of measurement samples as specified for UE Rx-Tx time difference or RSTD, respectively in Rel-17. If not configured, then the measurement periods are not aligned as RSCP/RSCPD are based on single sample, whilst UE Rx-Tx time difference/RSTD on 4 samples as defined for Rel-16. 
Regarding the measurement period definition, RAN4 to distinguish two cases:
· If reduced number of measurement samples is configured for other ToA measurements (UE Rx-Tx time difference or RSTD, respectively), measurement periods between CPP and other measurements can be aligned and are based on measurement requirements for reduced number of measurement samples as specified for UE Rx-Tx time difference or RSTD, respectively in Rel-17. 
· Else, if not configured, then the measurement periods cannot be aligned as RSCP/RSCPD are based on single sample, whilst UE Rx-Tx time difference/RSTD are based on 4 samples as defined for Rel-16. As an alternative, the UE may report 4 measurements for RSCPD/DL RSCP together with the paired single ToA measurement (RSTD/UE Rx-Tx time difference) as agreed by RAN1.
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.



RAN4 #108 achieved consensus on high level, still the UE mobility impact needs further investigation.
	Issue 2-1-2: Impact of UE mobility in RRC_CONNECTED: 
Agreements
· Reuse Rel. 17 requirements for mobility impact on RSTD/UE Rx-Tx measurement in RRC_CONNECTED / RRC_INACTIVE state for RSCPD/RSCP measurements 



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
Impact of collisions with other signals/channels 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.
Measurement period requirements for RRC_IDLE
Regarding issue 2-1-2, whether to specify CPP measurements in RRC_IDLE state, we observe that there are several RAN1 agreements which state applicability to RRC_IDLE, as given in the following. 
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 (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.



At RAN1 #114bis, the following agreement was found (see Annex):
	Agreement​
A UE, which has the capability to support CPP in RRC_INACTIVE/RRC_IDLE state, should measure the DL PRS from the whole DL PFL, i.e., not limited to its initial DL BWP. The RF frequency associated with the DL RSCP/RSCPD when UE is in RRC_INACTIVE/RRC_IDLE state can be defined in the same way as a UE in RRC_CONNECTED state.​



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.
If time allows, RAN4 can 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.
Measurement reporting requirements
RAN4 #108 discussed different aspects for measurement reporting, as listed below.
Joint reporting of DL CPP and legacy DL positioning measurements 
RAN4 #108 has discussed the scenario of coexistent NR CPP and legacy NR positioning techniques and identified the following agreement on joint measurement reporting: 
	Issue 2-2-1: PRS measurement reporting requirements for DL carrier phase measurement: 
Agreements
· RSCP/RSCPD is reported together with other positioning measurement(s) and the same measurement reporting delay requirement (i.e., Rx-Tx time difference/RSTD measurements) should apply. 


As described for the measurement period requirements in section 2.2.3, an alignment of measurement periods is possible in case of reduced measurement samples (Nsample = 1), whilst not possible in case of normal measurement samples (Nsample = 4). Thus, if reduced measurement samples is configured for UE Rx-Tx time difference or RSTD, respectively, common measurement reporting can be performed after each measurement sample. Else, if not configured, for UE Rx-Tx time difference or RSTD, respectively, measurement reporting can be performed after 4 measurement samples. In this case, measurement results of multiple time windows for CPP can be reported, in case several time windows are covered by the normal measurement period. 
Regarding the measurement reporting for DL PRS, RAN4 to distinguish two cases:
· If reduced number of measurement samples is configured for ToA measurements (UE Rx-Tx time difference or RSRD, respectively), measurement reporting of CPP and other measurements can be done together after each measurement sample. Reporting delay requirements for reduced number of samples in Rel-17 apply. 
· Else, if not configured, then the measurement reporting is based on normal measurement samples for ToA measurements (UE Rx-Tx time difference or RSTD, respectively) and UE can report measurement results from multiple time windows covered by the normal measurement period. Reporting delay requirements for normal number of samples in Rel-16 apply.
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. 



This earlier agreement was confirmed at RAN4 #108.
	Issue 2-2-6: Reporting requirements for UL carrier phase measurement: 
Agreements:
Not to pursue the issue.  



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 carrier frequency offset
At RAN4 #108bis, the impact of carrier frequency offset was agreed to be further studied by RAN4. 
	Issue 2-2-3: Solutions to reduce the impact of carrier frequency offset: 
Agreements: 
· RAN4 to study any possible impact of carrier frequency offset on CPP measurement requirements. 



The issue has been investigated in greater detail in [4][5]. An impact to the carrier phase estimate is observed which depends on the magnitude of the carrier frequency as well as on the time difference between PRS symbols of different TRPs. In [4], the phase error due to carrier frequency offset can be at maximum 

assuming ±0.1 ppm for Tx frequency error for TRP, UE and PRU and a shift of n symbols between PRS symbols on the same subcarrier. Considering the agreement that all PRS resources configured for CPP are located in the same PFL, they can be received altogether, and the carrier frequency offset then depends on the separation of PRS symbols on the same subcarrier, which depends on the comb size. For comb size 6, [4] observes a maximum carrier frequency offset of around 100° for 5 GHz and 4 symbols shift. Even for 1 symbol shift for 2 MHz, a carrier frequency offset of 10° is observed. In both cases the carrier frequency error is far above the agreed reporting granularity of 0.1° and hence will lead to performance degradation if not taken into account by the LMF. 
In [4] it is proposed that UE and PRU both assess the carrier frequency offset (CFO) by measuring the phase difference between subsequent PRS symbols in time transmitted by the same TRP. The CFO estimate should be performed for each TRP and then reported to LMF with the used separation in symbols between any two TRPs.
In [5], it is proposed to replace the signalling of the carrier frequency offsets and symbol separations by UE and PRU through the definition of a common reference time as depicted in Figure 2, for which the UE and the PRU report the carrier phase of the PRS, for each TRP, and in case of RSCPD for both reference TRP and target TRP. 
[image: ]
Figure 2: Carrier phase measurements referred to a common reference time [5].
In our view, the impact of carrier frequency offset is significant and measures to mitigate the carrier frequency offset in the TRP transmissions and UE/PRU receptions are important to be taken, in order to improve the quality of the CP estimate. 
The impact of carrier frequency offset is significant and measures to mitigate the carrier frequency offset in the TRP transmissions and UE/PRU receptions are important to be taken, in order to improve the quality of the CP estimate.
RAN4 to specify measures for mitigating the impact due to carrier frequency offsets of TRP, UE and PRU.
Thus, we support the proposal in [5] to define a common reference time for reporting RSCP or RSCPD. The reference time can be specified as part of the measurement procedure for CPP in TS 38.133. The reference time can be the start of the slot where PRS is transmitted as proposed in [5] or another time such as the start of the measurement gap occasion or the start for the configured time window for the CP measurement or any other suitable one. 
RAN4 to specify a common reference time for RSCP and RSCPD measurement, respectively, between UE and PRU and for different TRPs in TS 38.133. The reference time can be FFS, e.g. start of slot where the PRS is transmitted, or start of the measurement gap occasion or start of the configured time window for the CP measurement.
0. Measurement accuracy requirements
Targeted PRS bandwidth range for accuracy requirements
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.
Accuracy requirements for DL carrier phase measurement
Regarding above issue 2-3-4, we agree to not specify absolute measurement requirements for DL RSCP. In return we propose to specify relative accuracy requirements for DL RSCP as done for UE Rx-Tx time difference relative accuracy in TS 38.133 in clause 10.1.25.2:
“The relative accuracy of UE Rx-Tx measurement in this clause is defined as accuracy of the difference between two UE Rx-Tx measurements.”
Similarly, relative accuracy requirements for DL RSCP should be specified.
Proposal 2: RAN4 to specify relative accuracy requirements for DL RSCP.
The second proposal on this issue deals with the number of measurement samples for defining RSCPD accuracy. 
It is noted RAN1 #114 achieved following agreement on the applicable number of measurement instances for DL CPP (see Annex):
	Agreement
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.
 
Conclusion
From RAN1’s perspective, the granularity and the range of the RSCP/RSCPD measurements can be defined by RAN4.



The RAN1 agreement means that one RSCP/RSCPD measurement sample is based on one time window and hence one MG occasion. Hence it refers to Rel-17 reduced number of measurement samples procedure for UE Rx-Tx time difference/RSTD with 1 measurement sample. Thus, the measurement period for RSCP/RSCPD should be defined based on Nsample = 1.
Related to accuracy requirements, at least RSCPD accuracy requirements for Nsample = 1 are thus required. This corresponds to the RAN1 #114bis agreement to report the RSTD measurement together with several RSCPD measurements. 


	Agreement​
Subject to UE’s capability, if a UE Rx-Tx time difference/DL RSTD measurement is obtained with Nsample (=2, 4) samples, as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement can be associated with (i.e., reported together with) up to Nsample RSCP/RSCPD measurements.​
· A single RSCP/RSCPD measurement is obtained within one sample​
· Each RSCP/RSCPD measurement has its own timestamp. ​
· Note: It is up to RAN2 on how to define signalling support for the reporting of the timestamps of the RSCP/RSCPD measurements.​



Depending on performance evaluations and on the raised issue related to carrier frequency offsets, a higher number for Nsample , e.g. Nsample = 4 may need to be specified for RSCPD accuracy as well. Thus, whether to specify RSCPD accuracy for Nsample > 1 can be discussed once performance evaluations are available including the impact of carrier frequency offsets. 
Proposal 3: RAN4 to agree the number of RSCPD measurement samples for accuracy requirements is 1. FFS whether to also specify RSCPD accuracy for Nsample > 1 depending on performance evaluations including the impact of carrier frequency offsets.
It is noted simulation results for RSCPD are provided in [6].
Accuracy requirements for UL carrier phase measurement
Regarding above issue 2-3-5, whether to define measurement accuracy requirements for UL RSCP, we agree to postpone the decision to performance part. 
In our view, measurement accuracy requirements for UL RSCP could be specified following the approach for gNB Rx-Tx time difference in Rel-16, where BB performance was specified, and a manufacturer declared impairments margin added on top. In our view this approach can be reused for UL RSCP in Rel-18. 
RAN4 to postpone the decision on whether to define UL RSCP measurement accuracy requirements to performance part.
RAN4 to consider whether the Rel-16 approach for gNB Rx-Tx time difference accuracy performance with specified BB performance and manufacturer declared impairments margin can be reused for defining UL RSCP accuracy performance in Rel-18. 
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 are made: 
1. The impact of carrier frequency offset is significant and measures to mitigate the carrier frequency offset in the TRP transmissions and UE/PRU receptions are important to be taken, in order to improve the quality of the CP estimate.
The following proposals are made. 
Measurement period requirements in RRC_CONNECTED
1. For each duration of the time window, RAN4 to define appropriate measurement gap patterns for per-UE MG and per-FR MG according to Table 1 and Table 2. 
	Time window length
	Suitable GP
	MGRP

	1ms
2ms
	#2 (MCL=3ms), #3 (MCL=3ms)
#10 (MCL=3ms), #11 (MCL=3ms)
#6 (MCL=4ms), #7 (MCL=4 ms)
#8 (MCL=4ms), #9 (MCL=4 ms)
#0 (MCL=6ms), #1 (MCL=6ms)
#4 (MCL=6ms), #5 (MCL=6ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	40ms, 80ms
20ms, 160ms
20ms, 40ms
80ms, 160ms
40ms, 80ms
20ms, 160ms
80ms
160ms

	4ms
	#0 (MCL=6ms), #1 (MCL=6ms)
#4 (MCL=6ms), #5 (MCL=6ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	40ms, 80ms
20ms, 160ms
80ms
160ms

	6ms
	#24 (MCL=10ms)
#25 (MCL=20ms)
	80ms
160ms

	8ms
	#24 (MCL=10ms)
#25 (MCL=20ms)
	80ms
160ms

	12ms
	#25 (MCL=20ms)
	160ms

	16ms
	#25 (MCL=20ms)
	160ms


Table 1: Time window support in case of configured per-UE MG or per-FR MG in FR1.
	Time window length
	Suitable GP
	MGRP

	1ms
	#20 (MCL=1.5ms), #21 (MCL=1.5ms)
#22 (MCL=1.5ms), #23 (MCL=1.5ms)
#16 (MCL=3.5ms), #17 (MCL=3.5ms)
#18 (MCL=3.5ms), #19 (MCL=3.5ms)
#12 (MCL=5.5ms), #13 (MCL=5.5ms)
#14 (MCL=5.5ms), #15 (MCL=5.5ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	20ms, 40ms
80ms, 160ms
20ms, 40ms
80ms, 160ms
20ms, 40ms
80ms, 160ms
80ms
160ms

	2ms
	#16 (MCL=3.5ms), #17 (MCL=3.5ms)
#18 (MCL=3.5ms), #19 (MCL=3.5ms)
#12 (MCL=5.5ms), #13 (MCL=5.5ms)
#14 (MCL=5.5ms), #15 (MCL=5.5ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	20ms, 40ms
80ms, 160ms
20ms, 40ms
80ms, 160ms
80ms
160ms

	4ms
	#12 (MCL=5.5ms), #13 (MCL=5.5ms)
#14 (MCL=5.5ms), #15 (MCL=5.5ms)
#24 (MCL=10ms)
#25 (MCL=20ms)
	20ms, 40ms
80ms, 160ms
80ms
160ms


Table 2: Time window support in case of configured per-FR MG in FR2.
The sequence of time windows for DL CPP needs to have at least partial overlapping with measurement gap occasions in RRC_CONNECTED state.  
Regarding the measurement period definition, RAN4 to distinguish two cases:
· If reduced number of measurement samples is configured for other ToA measurements (UE Rx-Tx time difference or RSTD, respectively), measurement periods between CPP and other measurements can be aligned and are based on measurement requirements for reduced number of measurement samples as specified for UE Rx-Tx time difference or RSTD, respectively in Rel-17. 
· Else, if not configured, then the measurement periods cannot be aligned as RSCP/RSCPD are based on single sample, whilst UE Rx-Tx time difference/RSTD are based on 4 samples as defined for Rel-16. As an alternative, the UE may report 4 measurements for RCSPD/DL RSCP together with the paired single ToA measurement (RSTD/UE Rx-Tx time difference), as agreed by RAN1.
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.
Measurement period requirements in RRC_IDLE
If time allows, RAN4 can 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.
Measurement reporting requirements
Regarding the measurement reporting for DL PRS, RAN4 to distinguish two cases:
· If reduced number of measurement samples is configured for ToA measurements (UE Rx-Tx time difference or RSRD, respectively), measurement reporting of CPP and other measurements can be done together after each measurement sample. Reporting delay requirements for reduced number of samples in Rel-17 apply. 
· Else, if not configured, then the measurement reporting is based on normal measurement samples for ToA measurements (UE Rx-Tx time difference or RSTD, respectively) and UE can report measurement results from multiple time windows covered by the normal measurement period. Reporting delay requirements for normal number of samples in Rel-16 apply.
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 due to carrier frequency offset
RAN4 to specify measures for mitigating the impact due to carrier frequency offsets of TRP, UE and PRU.
RAN4 to specify a common reference time for RSCP and RSCPD measurement, respectively, between UE and PRU and for different TRPs in TS 38.133. The reference time can be FFS, e.g. start of slot where the PRS is transmitted, or start of the measurement gap occasion or start of the configured time window for the CP measurement.
UE measurement accuracy requirements 
Proposal 5: 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.
Proposal 6: RAN4 to specify relative accuracy requirements for DL RSCP.
Proposal 7: RAN4 to agree the number of RSCPD measurement samples for accuracy requirements is 1. FFS whether to also specify RSCPD accuracy for Nsample > 1 depending on performance evaluations including the impact of carrier frequency offsets.
TRP measurement accuracy requirements 
RAN4 to postpone the decision on whether to define UL RSCP measurement accuracy requirements to performance part.
RAN4 to consider whether the Rel-16 approach for gNB Rx-Tx time difference accuracy performance with specified BB performance and manufacturer declared impairments margin can be reused for defining UL RSCP accuracy performance in Rel-18. 
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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



RAN1 #114
	
Agreement
Confirm the following working assumption with modification made in RAN1#113: 
 
Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of system frame 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 the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows
Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}
 
Agreement
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2, …, 16}

Agreement
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2}
· FFS: {4, 8}

[image: ]

Agreement
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.
 
Conclusion
From RAN1’s perspective, the granularity and the range of the RSCP/RSCPD measurements can be defined by RAN4.

Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.

Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution
The values of the phase quality index and phase quality resolution are left for RAN4.



RAN1 #114bis
	Agreement​
A UE, which has the capability to support CPP in RRC_INACTIVE/RRC_IDLE state, should measure the DL PRS from the whole DL PFL, i.e., not limited to its initial DL BWP. The RF frequency associated with the DL RSCP/RSCPD when UE is in RRC_INACTIVE/RRC_IDLE state can be defined in the same way as a UE in RRC_CONNECTED state.​

Agreement​
The pair of the DL PRS resources used to obtain a DL RSCPD measurement are either the same as the pair of DL PRS resources used to obtain the associated DL RSTD measurement, or one of the pairs of DL PRS resources used to obtain the associated DL RSTD measurement.​

Note 1: It has no RAN1 impact. It is up to RAN2 on how the DL PRS resource IDs of DL RSCPD measurements are identified/reported.

Agreement​
The DL PRS resource used to obtain a DL RSCP measurement is either the same DL PRS resource used to obtain the associated UE Rx-Tx time difference measurement, or one of the DL PRS resources used to obtain the associated UE Rx-Tx time difference measurement.​

Note: a DL RSCP measurement is obtained by measuring a single DL PRS resource from a TRP.

 [image: ]
Agreement​
From RAN1’s perspective, the granularity with ReportingGranularityfactor k={-1, -2} for the reporting of DL/UL timing measurements is applicable to all positioning methods.

Agreement​
For the timestamp associated with a reported UL RSCP measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 38.455, can be reused as the timestamp. ​
· The TRP may optionally provide an OFDM symbol index in the timestamp.​
· Note: It is up to RAN2/RAN3 how to signal the timestamp​
Conclusion​
No further discussion in RAN1 on how to address the impact of the phase delays on Tx/Rx RF chains in Rel-18.​
· Note: The conclusion does not preclude further discussion of the phase delays in UE feature for NR CPP.

Agreement​
Subject to UE’s capability, if a UE Rx-Tx time difference/DL RSTD measurement is obtained with Nsample (=2, 4) samples, as defined in TS 38.133, the UE Rx-Tx time difference/DL RSTD measurement can be associated with (i.e., reported together with) up to Nsample RSCP/RSCPD measurements.​
· A single RSCP/RSCPD measurement is obtained within one sample​
· Each RSCP/RSCPD measurement has its own timestamp. ​
· Note: It is up to RAN2 on how to define signalling support for the reporting of the timestamps of the RSCP/RSCPD measurements.​
Conclusion​
No further discussion in RAN1 regarding the support of standalone reporting of NR carrier phase measurements in Rel-18.​
 [image: ]
​Conclusion​
No further discussion in RAN1 regarding the definition of per path RSCPD in Rel-18.​
Note: This conclusion does not impact the existing definition of the RSCP.​
Agreement​
Only the carrier phase measurements (i.e., DL/UL RSCP, DL RSCPD) of the first path are supported in Rel-18.

​  [image: ] ​
 [image: ]
Conclusion​
From RAN1’s perspective, there will be no further discussion on the four options that were agreed to consider in the following agreement made in RAN1#112bis-e.

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.
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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.
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Agreement   Endorse the following  R AN1 reply on PRU procedures     RAN1 reply:  

Current RAN1 specifications do not support a mechanis m to ensure simultaneous measurements/transmissions  (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.   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.    Note: The enhancements might or might not have RAN1 specification impact.  

  In above reply, RAN1 indicated that RAN1 would continue the discussions on the enhancements that are necessary  to support simultaneous measurements of the same DL - PRS for multiple UEs, and the simultaneous transmission of  SRS for multiple UEs, including a  target UE and a PRU.      In this LS, RAN1 informs SA2 that RAN1 has continued the discussion, and reached the following agreements  related to the support of simultaneous measurements of the same DL - PRS for multiple UEs and the simultaneous  transmission of SR S for multiple UEs, including a target UE and a PRU.      Furthermore, it is RAN1’s understanding that the simultaneous measurements/transmissions for multiple UEs,  including a target UE and a PRU, is  applicable   to RAN1’s on - going work related  to NR carrier phase positioning,  and  is  also applicable to the remaining uplink and downlink positioning measurements   and methods . Therefore,  RAN1’s agreements related to the NR carrier phase positioning   are provided in Section 4 in this LS for  information .     To SA2:   Action:   RAN1 respectfully asks SA2 to take the above reply into account for future work.    To RAN2/RAN3:   Action:   RAN1 respectfully asks RAN2/RAN3 to work on the necessary high er - layer signalling support, and  provide  feedback if there is  any concern.  
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‘Adopt the following changes o the previous agreement made in RAN1#114bis
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‘Endors the TP in Secton 9.1 of RI-2310285 for Clause 5.16.5 of TS 38214,

(Reason for change:
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