
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #114			R1-2307685
Toulouse, France, August 21st – August 25th, 2023

Agenda item:	9.5.2
Source: 	Samsung
Title: 	On NR DL and UL Carrier Phase Positioning
Document for:	Discussion and Decision
Introduction
Based on the findings of the Rel-18 study item to expand and improve NR positioning [1], as documented in TR 38.859 [2], a new work item [3] has been approved in RAN1#98e to specify carrier phase positioning measurements and associated signaling. The scope of the work item is:

· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].

In this document, we present Samsung’s views on the carrier-phase measurements.
Discussion
In this document we discuss the remaining open issues about carrier positioning:
· Synchronization mismatch mitigation.
· Integer ambiguity mitigation of carrier phase measurement.
· Time-stamp for carrier phase measurement
· Multi-path mitigation
· Impact of Tx/Rx chains on carrier phase measurement
· Carrier phase reporting

[bookmark: _Ref142319278]Synchronization mismatch mitigation
There are two types of synchronization mismatch that can occur between devices involved in the carrier-phase measurement (i.e., the device transmitting the PRS used for the carrier-phase measurement (Device-A) and the device performing the carrier phase measurement (Device-B)).
1. Clock bias. There is a clock bias between the timeline of Device-A and Device-B. This clock bias can be represented by .
2. Initial phase difference. The initial phase difference between Device-A and Device be is a random variable,  over the range .

The measured phase difference with these synchronization mismatches becomes . Without mitigating the synchronization mismatches, the measured carrier phase can’t be used for positioning.
Observation 1: Without mitigating the synchronization mismatches between the devices involved in the carrier-phase measurement, the carrier-phase measurement can’t be used for positioning.
As described in [4], one method to mitigate the synchronization mismatches is to use the round-trip carrier phase, by measuring the carrier phase of a signal transmitted from Device-A (e.g., gNB) at Device-B (e.g., UE), and measuring the carrier phase of a signal transmitted from Device-B (e.g., UE) at Device-A (e.g., gNB) and adding the two measured carrier phase together. By doing so, the clock biases and phase mismatches cancel out.
Observation 2: Round-trip carrier phase can be used to mitigate the effect of initial phase offset difference, if phase coherency can be maintained between the RF transmit chain and RF receive chain of the UE and the gNB used for DL and UL carrier-phase measurement.
As described in [4], another method to mitigate the synchronization mismatches is to use a positioning reference unit (PRU), which is a device with a known location can that can be used to estimate the clock biases and phase mismatches between TRPs. The PRU should be determined as device with a known accurate location and close to the target device whose position is being determined. It would be desirable to achieve the PRU’s functionality, which is eliminating clock biases, without having to introduce a new node type. In legacy positioning, the use of PRU is transparent. However, since it is critical to have PRU for properly using the carrier-phase measurement for positioning, it’s essentially beneficial for RAN1 to study how to provide PRU or PRU-like functionality under existing system, e.g., how to determine a PRU and apply the PRU during the positioning procedure. 
In last meeting, the following agreement is reached.Agreement
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:
· 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

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 sets 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
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.



There are other agreements on the request on configuration of a time window for PRUs/UEs to transmit and measure the SRS for Pos and PRS, respectively. Thus, support the usage of PRU is clearer now. In the following, several additional details on using PRU are discussed.
First of all, as discussed in a companion contribution [5] for UE features, we propose to support having a UE report its capability as supporting PRU functionality. Simply saying, the PRU functionality could be provided by a specific device implementation increases the difficulty of using such functionality. We cannot image a service provider will spend huge effort/money to build quite a lot of individual devices. So a more practical solution is to use a regular UE which is capable of providing PRU functionality. 
Proposal 1: support a UE capability to report a UE supporting PRU functionality. 
For DL PRS measurement with PRU and regular UE, as we discussed before, one PRU could help multiple UEs at the same time window, or overlapped time window, so the DL PRS or UL SRS for positioning configured for PRU could be just a masked version of that from the target UE. For example, given existing PRS or SRS configuration, the PRU is given a resource mask indication on which PRS(s) or SRS(s) are to be measured or to be transmitted. By doing this, the usage of PRU could be much more efficient and controllable from the network side.
By agreement, the time window could be configured with a starting position, a duration and potentially a periodicity. So a UE or PRU could clearly identify the possible location of the window. However, there are multiple PRS resource(s) within one resource set, so that for the indicated the time window in time domain, i.e., “a combination of subframe number, slot offset and symbol index” are not enough to the identify the exact PRS resource to be measured, and it’s also not reasonable to ask a UE or a PRU to measure all the included PRS resources for that resource set. 
Observation 3: the indicated PRS resource set is not enough to indicate the resources to be measured and it’s not efficient to always ask UE to measure all PRS resources within that PRS resource set.
Thus, during the activated duration of an indicated window, if the indicated time window cannot cover all the possible instances of a PRS resource, or one instance of a PRS resource will be outside the indicated time window, the associated PRS resource is not expected to be measured. 
As shown in Figure 1, the PRS resource 1 and 2 belongs to the same resource set, and the indicated time window 1 only contains PRS resource 1 and covers all instances of PRS resource 1 during the activated duration of window 1, so a UE or a PRU would measure the PRS resource 1 during the window 1, but not measured PRS resource 2 since the window 1 does not cover any instance of PRS resource 2.  However, for indicated window 2, it covers all instance of PRS resource 2 but only some instances of PRS resource 1, so that only PRS resource 2 needs to be measured in window 2 but the PRS resource 1 does not need to be measured. 
[image: ]
[bookmark: _Ref142318664]Figure 1: Illustration of indicated window and the PRS resource to be measured in it.

Proposal 2: A UE and/or a PRU only measures a PRS resource within an indicated time window, in which all the instances of the PRS resource during the activated duration of the indicated time window(s) are covered by that indicated time window, otherwise, the UE and/or the PRU doesn’t measure that PRS resource.  
Another issue is the activation and deactivation of the indicated time window. Although RRC configuration of such potential window is straightforward, for actual activation and deactivation of the one particular time window, the MAC CE or DCI should be used. In that case, the time window index should be included in the corresponding MAC CE or DCI. 
Proposal 3: The MAC CE or DCI could be used to activate or deactivate one or multiple configured time window(s).
Another aspect to consider, when receiving the UL SRS for positioning at a TRP from the target UE and the PRU is to have the same Rx RF chain used to receive the UL SRS for positioning from the target UE and the PRU to ensure the same synchronization and phase errors for both the target UE and the PRU. For example, the network can configure a TRP to use the same Rx RF chain to receive the UL SRS for positioning from the target UE and the PRU using the same Rx RF chain.
Proposal 4: A TRP receives the UL SRS for positioning from the target UE and the PRU using the same Rx RF chain.
As described earlier another method to eliminate synchronization errors when using the carrier phase measurement is use the round-trip carrier phase, where the UL RSCP measured at a TRP and the DL RSCP measure at a UE are added together to eliminate or cancel synchronization errors between the TRP and the UE. To ensure that the synchronization errors can be cancelled phase coherency is assumed between Rx RF chain and the Tx RF chain of the gNB/TRP and phase coherency is assumed between Rx RF chain and the Tx RF chain of the UE.
Proposal 5: For carrier phase positioning measurement, RAN1 considers providing measurements and necessary configuration for round-trip carrier phase measurement.

Integer ambiguity mitigation of carrier phase measurement
As described in [4], one method to mitigate the integer ambiguity is to determine the number of integer cycles in equation (1) by the use of legacy positioning methods with a coarse positioning estimate that is within the carrier’s period.
Observation 4: If the coarse positioning estimate of the legacy-based positioning methods is accurate enough, the carrier phase measurement can be used to further improve the positioning accuracy.

In RAN1#112 the following agreement was made regarding options to consider for integer ambiguity:
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.

The Rel-16 DL PRS and SL positioning SRS include multiple sub-carriers. The multiple sub-carriers can be leveraged to enhance the performance of the carrier phase measurement.
First, consider using two sub-carriers for the carrier phase measurement. The first sub-carrier, at frequency , has a measured carrier phase with integer ambiguity , and propagation delay , given by: 

For second sub-carrier, at frequency , has a measured carrier phase with integer ambiguity , and propagation delay , given by: 

Subtracting  from  we get

This creates a virtual carrier frequency with frequency , and virtual phase .  If  and  are close in value,  and . Hence, the tolerance (error) of the legacy-based positioning methods can allow the traditional positioning method to estimate the number of cycles for the virtual carrier. This corresponds to option 1 in the aforementioned agreement.
Observation 5: The phase difference between two sub-carriers of DL/UL PRS provides a carrier-phase of a virtual carrier with a lower virtual frequency where the integer number of cycles can be more accurately determined.
Second, the phase measurement across the multiple sub-carriers can be exploited to eliminate the integer ambiguity. The carrier phase measurement can be given by:


Where,  is a clock mismatch between the devices involved in the carrier phase measurement, and  is an initial phase offset between the devices involved in the carrier phase measurement. Reporting measurements based on the carrier phase differentials corresponds to the second option in the aforementioned agreement. Furthermore, by taking the derivative with respect to the carrier frequency eliminates the integer ambiguity.
The clock mismatch remains, but this can be eliminated by one of the methods described in section 2.1.

The last equation eliminates the integer ambiguity factor. To measure , the phase for each subcarrier can be calculated and then the slope of the best line that fits the data can be estimated. Alternatively, the average phase difference between each two consecutive sub-carriers can be measured and reported. The phase is unwrapped to avoid any  discontinuities. Figure 2 illustrates an example of getting the carrier phase slope by measuring the sub-carrier phase for each sub-carrier of the DL positioning reference signal or the UL positioning sounding reference signal.


[bookmark: _Ref127268765]Figure 2: Carrier phase slope.


Observation 6: The carrier phase measurement of DL/UL PRS sub-carriers (e.g., by calculating the slope of the carrier phase measurement relative to frequency) can eliminate the integer ambiguity.
Proposal 6: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase of multiple frequencies of DL PRS or UL positioning SRS (option 1).
Proposal 7: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase difference of two sub-carriers of DL PRS or UL positioning SRS (option 2).
Regarding option 3, “Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF”, if the UE is providing a time of arrival measurement or time difference measurement, with a certain level of accuracy, this is already providing an implicit integer ambiguity. For example, the NR-TimingQuality defines the quality of a timing value (e.g., of a TOA measurement). 
NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}

The timingQualityResolution provides the resolution used in the timingQualityValue field. This can correspond to a resolution as low as 0.1 meters.
Observation 7: The positioning measurements provided by the UE include a timing quality, which can be used by the LMF to estimate the integer ambiguity.
Proposal 8: Don’t support option 3 (UE/TRP to optionally report an estimated integer ambiguity).
Regarding option 4, “Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data”. Similar to the discussion about option 3, if the LMF provides a time measurement with a certain level of accuracy/uncertainty, this is already providing an implicit integer ambiguity. For example, the UE assistance information includes: nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty, for RSTD, this can be used by the UE to estimate a range for the integer ambiguity.
Observation 8: The assistance information to a UE includes nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty, which can be used by the UE to determine the expected integer ambiguity range. 
Proposal 9: Don’t support option 4 (LMF to provide the expected integer ambiguity range).

Time-stamp for carrier phase measurement
In RAN1#112b-e options for associating a time stamp with a measurement were discussed. The following two options are under consideration.

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.

In RAN1#113, the following feature lead proposal was discussed, but not agreed:
(H)(Round 1) Proposal 2.3-1
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. 
· The reported RSCP/RSCPD value presents the RSCP/RSCPD of the last OFDM symbol of the PRS/SRS resources 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.

The time stamp can be enhanced to include the OFDM symbol index of the DL PRS or SRS for positioning within a slot used for the positioning measurement. In addition to the OFDM symbol index, a reference time associated with the symbol for measuring the phase should be defined. The carrier phase measurement changes depending on the selected reference time. The carrier phase depends on the time it is measured for. At different time instances, the carrier phase is different. Consider the diagram shown in Figure 3, the PRS (DL PRS or positioning SRS) is transmitted in symbol . In the first device transmitting the PRS the carrier phase is zero after the cyclic prefix (TS 38.211 clause 5.4). The signal arrives at the second device with a zero phase after the CP at the time of arrival. If the time between the reference time in the second device and time of the symbol  after the CP is , as shown in Figure 3, the phase at the reference time of the received signal is  This can be the reported phase. The reference time can be chosen such that  is independent of the symbol location. For example, the reference time can be the time of symbol  according to the time reference of the second device (e.g., the start of the corresponding Tx symbol),  in this case would depend on the propagation delay from the first device to the second device and any synchronization mismatch between the two devices. Another option is to have a reference time that is common for multiple symbols (not PRS symbol dependent) for example the reference time can be at the start of the slot or the subframe or the frame that includes the PRS according to the time reference of the second device (e.g., the Tx time at the start of the slot or sub-frame or frame respectively).   would depend on the location of symbol  in addition to the propagation delay from the first device to the second device and any synchronization mismatch between the two devices. 



[bookmark: _Ref131414847]Figure 3: Carrier Phase reference time.

Proposal 10: For carrier phase positioning measurement, the reported carrier phase is the carrier phase at the start of the slot or symbol containing the reference signal on which the measurement is performed.
If the reported carrier phase is the average phase calculated from multiple PRS symbols, the carrier phase can be averaged form the individual carrier phase measurements from different symbols, however if the carrier phase depends on the location of the PRS, before combining the effect of the symbol location on the carrier phase measurement should be removed. For example, if the reference time is at the start of slot, the phase due to the time of the nominal start of symbol  and the CP duration of symbol  should be removed to get a carrier phase independent of symbol location, and that can be combined across multiple symbols.
Proposal 11: For carrier phase positioning measurement, when combining carrier phase cross multiple symbols, the carrier phase measurement should be independent of the symbol location.
For DL RSCPD, the UE provides the difference between the carrier phase from one TRP and the carrier phase from another TRP. The carrier phases can be measured at different times. The UE should maintain continuity between the two measurement instances.
Proposal 12: For carrier phase positioning measurement, for RSCPD, a UE should maintain phase continuity between carrier-phase measurement of TRP1 and TRP2.

Multi-path mitigation
Multi-path reflections and NLOS conditions are a challenge to positioning methods and measurement. This is especially true for carrier phase method where a small change in the propagation path (e.g., 5 cm for 3 GHz carrier) causes a phase shift of  radians. Cellular networks, especially indoor cases have a rich multi-path environment which would degrade the positioning accuracy.
In RAN1#112 there was discussion on whether to support carrier phase measurement for the first multi-path only or for additional multipath, the following was noted in some of the agreements: “whether only the first path or additional paths will be supported is subject to further discussion”. In RAN1#113, the following feature lead proposal was discussed but not agreed:(M)(Round 1) Proposal 9.1-1
Further study on whether to support the reporting of the carrier phase of the additional paths in Rel-18.


Additional carrier phase measurements at other multi-path components suffer from additional impact to the carrier phase measurement due to (1) the additional travel distance of the multi-path components, a small change in distance leads to a large impact on the carrier phase, as well as (2) any phase shift that occurs due to reflection. Hence, we don’t see the usefulness of providing carrier phase measurements at NLOS multi-path components.

Proposal 13: For carrier phase positioning measurement, a UE or gNB provides a measurement based on the first (LOS) received multi-path.
Since the carrier phase based methods/measurements are sensitive to the NLOS condition or multiple path environment, the criteria under which the carrier phase method can be used should be carefully considered. One possible criteria is when a NLOS condition or multiple path condition exists, such methods/measurements (i.e., based on the carrier phase method) shall not be used. In Rel-17 positioning enhancement, the NLOS indicator is introduced for UE to help gNB identify current channel condition is LOS or NLOS. Both a hard value (0 or 1) and a soft value [0:0.1:1] were introduced. It has already been agreed that when the carrier phase measurement is reported with other positioning measurements, the LOS/NLOS indicator in that report also applies to the carrier phase measurement. For standalone carrier phase measurement, if a supported, a similar indicator should be reported in the standalone carrier phase measurement report.
Proposal 14: For carrier phase positioning measurement, a UE or gNB provides a LOS/NLOS indicator in the standalone carrier phase measurement report.

Impact of Tx/Rx chains on carrier phase measurement
An open point from RAN1#112b-e, which has been discussed in RAN1#113, but not concluded is the impact of Tx/Rx chains on phase delays or carrier phase measurements. Several option have been discussed for potential down-selection in the following agreement from RAN1#112b-e:
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.

The carrier phase measurement should be associated with the ID of the reference point used in measuring the carrier phase. The reference point is linked to the hardware used for measuring the carrier phase, which can be a receive antenna or a receive RF chain. Indeed, if the same reference signal is received using different antennas or different receive antenna chains, the carrier phase measurement from each antenna or each antenna chain would be different. Hence, the measurement report can include the ID of the Rx antenna or the ID of the Rx RF chain used to receive the reference signal used for the carrier phase measurement. 
Proposal 15: The carrier phase measurement is associated with an ID corresponding to reference point. This can be the Rx antenna ID or the Rx RF chain ID.
On the transmit side, the transmit antenna or the transmit antenna chain used to transmit a positioning reference signal (e.g., DL PRS from a TRP and an SRS for positioning from a UE) can impact the carrier phase measurement of the device receiving the positioning reference signal. Indeed, if a reference signal is transmitted using different antennas or different transmit antenna chains, the carrier phase measurement would be different at the receiving device. Hence, a UE transmitting SRS for positioning can indicate the transmit antenna ID or the transmit chain ID used to transmit the SRS. A TRP transmitting DL PRS can indicate the transmit antenna ID or the transmit chain ID used to transmit the DL PRS.
Proposal 16: A UE transmitting SRS for positioning indicates the Tx antenna ID or the Tx RF chain ID used to transmit SRS.
Proposal 17: A gNB/TRP transmitting DL PRS indicates the Tx antenna ID or the Tx RF chain ID used to transmit the DL PRS.

Carrier-Phase Measurement Report Content
In RAN1#112b-e, it was agreed to report the DL RSCPD with the RSTD, the DL RSCP with the UE Rx-Tx time difference, the UL RSCP with the RTOA and the gNB Rx-Tx time difference. However, it is still open whether to support standalone measurement reports with carrier phase measurements. In RAN1#113, the following feature lead proposal was discussed but not agreed:
(M)(Round 1) Proposal 3.4-1
Further study on whether to support stand-alone carrier phase measurement reporting/carrier phase positioning in Rel-18.

We see it beneficial to support standalone carrier phase reporting. For example, when the carrier phase report includes the carrier phase of multiple sub-carriers or the carrier phase difference between sub-carriers, the impact of integer ambiguity is reduced and a standalone carrier phase report can be used to determine the position of the UE. This is also useful for applications that require accurate user tracking at different time instances, with small change in user position between one-time instance and the next, for these applications, it is sufficient to provide a standalone carrier phase measurement report.
Proposal 18: Support standalone carrier phase measurement report for:
· DL reference signal carrier phase (DL RSCP).
· DL reference signal carrier phase difference (DL RSCPD).
· UL reference signal carrier phase (UL RSCP).
The measurement report for the carrier phase measurement can include the following parameters:
1. The carrier phase measurement in radians (or degrees)
a. This can be UL carrier phase measurement of positioning SRS from a UE or DL carrier phase measurement of PRS from a TRP or DL carrier phase difference measurement between two TRPs (a reference TRP and a target TRP)
b. Carrier phase measurement can be a single measurement (e.g., at the carrier frequency of the carrier). Alternatively, the carrier phase measurement can be at two or more sub-carriers.
c. Measurement can be provided derived from the carrier phase. For example, this can the average of the carrier phase difference between two consecutive sub-carries.
2. Reference signal ID of the reference signal used for the carrier phase measurement. If the carrier phase measurement is the difference between the carrier phase of two TRPs, a reference signal ID can be provided for each TRP
3. A time stamp(s) can provided for the time (e.g., slot or symbol) at which the carrier phase measurement(s) was performed.
4. LOS/NLOS indicator.
5. A phase continuity indicator, this can indicate if the device performing phase measurements has maintained phase continuity since the last reported measurement. This can be useful for the LMF when combining multiple phase measurements.

Proposal 19: For carrier phase positioning measurement, consider including the following fields in the measurement report:
· Carrier phase measurement
· Reference signal ID
· Time stamp
· LOS/NLOS indicator
· Phase continuity indicator since last measurement

Conclusions
The following observations and proposals have been made regarding the carrier phase measurement
Observation 1: Without mitigating the synchronization mismatches between the devices involved in the carrier-phase measurement, the carrier-phase measurement can’t be used for positioning.
Observation 2: Round-trip carrier phase can be used to mitigate the effect of initial phase offset difference, if phase coherency can be maintained between the RF transmit chain and RF receive chain of the UE and the gNB used for DL and UL carrier-phase measurement.
Proposal 1: support a UE capability to report a UE supporting PRU functionality. 
Observation 3: the indicated PRS resource set is not enough to indicate the resources to be measured and it’s not efficient to always ask UE to measure all PRS resources within that PRS resource set.
Proposal 2: A UE and/or a PRU only measures a PRS resource within an indicated time window, in which all the instances of the PRS resource during the activated duration of the indicated time window(s) are covered by that indicated time window, otherwise, the UE and/or the PRU doesn’t measure that PRS resource.  
Proposal 3: The MAC CE or DCI could be used to activate or deactivate one or multiple configured time window(s).
Proposal 4: A TRP receives the UL SRS for positioning from the target UE and the PRU using the same Rx RF chain.
Proposal 5: For carrier phase positioning measurement, RAN1 considers providing measurements and necessary configuration for round-trip carrier phase measurement.
Observation 4: If the coarse positioning estimate of the legacy-based positioning methods is accurate enough, the carrier phase measurement can be used to further improve the positioning accuracy.
Observation 5: The phase difference between two sub-carriers of DL/UL PRS provides a carrier-phase of a virtual carrier with a lower virtual frequency where the integer number of cycles can be more accurately determined.
Observation 6: The carrier phase measurement of DL/UL PRS sub-carriers (e.g., by calculating the slope of the carrier phase measurement relative to frequency) can eliminate the integer ambiguity.
Proposal 6: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase of multiple frequencies of DL PRS or UL positioning SRS (option 1).
Proposal 7: For carrier phase positioning measurement, a UE or gNB can be configured to provide a measurement based on the carrier phase difference of two sub-carriers of DL PRS or UL positioning SRS (option 2).
Observation 7: The positioning measurements provided by the UE include a timing quality, which can be used by the LMF to estimate the integer ambiguity.
Proposal 8: Don’t support option 3 (UE/TRP to optionally report an estimated integer ambiguity).
Observation 8: The assistance information to a UE includes nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty, which can be used by the UE to determine the expected integer ambiguity range. 
Proposal 9: Don’t support option 4 (LMF to provide the expected integer ambiguity range).
Proposal 10: For carrier phase positioning measurement, the reported carrier phase is the carrier phase at the start of the slot or symbol containing the reference signal on which the measurement is performed.
Proposal 11: For carrier phase positioning measurement, when combining carrier phase cross multiple symbols, the carrier phase measurement should be independent of the symbol location.
Proposal 12: For carrier phase positioning measurement, for RSCPD, a UE should maintain phase continuity between carrier-phase measurement of TRP1 and TRP2.
Proposal 13: For carrier phase positioning measurement, a UE or gNB provides a measurement based on the first (LOS) received multi-path.
Proposal 14: For carrier phase positioning measurement, a UE or gNB provides a LOS/NLOS indicator in the standalone carrier phase measurement report.
Proposal 15: The carrier phase measurement is associated with an ID corresponding to reference point. This can be the Rx antenna ID or the Rx RF chain ID.
Proposal 16: A UE transmitting SRS for positioning indicates the Tx antenna ID or the Tx RF chain ID used to transmit SRS.
Proposal 17: A gNB/TRP transmitting DL PRS indicates the Tx antenna ID or the Tx RF chain ID used to transmit the DL PRS.
Proposal 18: Support standalone carrier phase measurement report for:
· DL reference signal carrier phase (DL RSCP).
· DL reference signal carrier phase difference (DL RSCPD).
· UL reference signal carrier phase (UL RSCP).
[bookmark: _GoBack]Proposal 19: For carrier phase positioning measurement, consider including the following fields in the measurement report:
· Carrier phase measurement
· Reference signal ID
· Time stamp
· LOS/NLOS indicator
· Phase continuity indicator since last measurement
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