Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #96bis																R1-1904321
Xi’an, China, April 8th – 12th, 2019


Source:	Intel Corporation
Title:	UE and gNB Measurements for NR Positioning
Agenda item:	7.2.10.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
	Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning



In this document, we discuss details of UE and gNB measurements for NR Positioning. Our views on other NR Positioning aspects are provided in our companion contribution [3]-[6].
UE Measurements for NR Positioning
DL PRS Report Configuration
As we discussed in our companion contribution, the DL PRS Resource Set can be defined to support beam-sweeping from single TRP/gNB. For NR positioning, a UE is expected to perform measurements for DL PRS Resources within DL PRS Resources Set which are configured for UE measurements and reporting. Configuration of DL PRS Resource Sets and DL PRS Reports is independent signaling. UE is expected to follow DL PRS Measurement Report configuration for UE DL measurements.


Figure 1: DL PRS Measurement Report association with DL PRS Resource Sets and Resources


NR supports DL PRS Report configuration signaled to UE by higher layers
DL PRS Report is configured independently from DL PRS Resource Sets and indicates set of measurements to be conducted by UE for indicated DL PRS Resource Sets IDs or DL PRS Resource IDs

DL PRS Measurements for NR DL Timing Based Positioning
The following measurements were agreed by RAN1 WG for NR Positioning during the study item phase:
DL RSTD (reference signal time difference) measurements 
DL RSRP (reference signal received power) measurements 
UE RX-TX time difference measurements
We assume that all these measurements will be defined based on DL PRS signals to be specified by RAN1 WG in Rel-16 [4].

DL RSTD measurement requires definition of reference DL PRS Resource which is associated with reference TRP/cell. The reference DL PRS Resource ID can be provided to UE by network as a part of assistance information or selected by UE.


For DL-TDOA and RTT support,
	DL PRS Reference Resource ID is provided by network using higher layer signaling (e.g. as a part of DL PRS Report configuration)
If DL PRS Reference Resource ID is not provided by network, it is selected by UE and indicated to network as a part of UE reporting

For RSTD measurements, a UE need to estimate timing of the first arrival path from two DL PRS Resources (target and reference resource). The quality of a given RSTD measurement will be dominated by the DL PRS Resource with lower RSRP or SINR metrics. Therefore the knowledge of these metrics is desirable on top of the RSTD measurement itself. In application to RSTD, the DL PRS-RSRP measurement can be introduced in multiple ways:
Option 1: RSRP from all multi-path components (RSRP)
Option 2: RSRP of the first arrival path component (RSRPFAP)
The following ratios can be considered as an estimate of K-Factor (or measure of frequency selectivity):
RSRPFAP / RSRP
(RSRPFAP / (RSRP - RSRPFAP))
The high values of K-Factor are often good indicators of the LOS type of propagation. The information about LOS propagation conditions is useful for UE positioning and therefore can be considered as a candidate for NR Positioning.


For NR positioning techniques based on DL timing estimation, the following measurements are supported for DL PRS signals
DL PRS RSTD
DL PRS RSRP
DL PRS SINR
DL PRS RSRPFAP
Can be replaced by K-Factor indication

Additional UE measurements that are needed to support RTT based positioning with multiple cells is UE Tx-Rx time difference. In order to obtain these measurements at the UE side for multiple cells, two options can be considered:
Option 1. Ranging (RTT estimation) with serving (or reference) cell/TRP and RSTD measurements for neighboring cells/TRPs relative to serving (or reference) cell/TRP
· This option has benefits in terms of coverage given that majority of measurements are done for DL PRS that are supposed to have significantly large coverage than UL SRS (PRS) due to UE and gNB TX power difference. The drawback of this option is that it requires accurate network synchronization or knowledge of the synchronization error (TX timing offset between cells/TRPs) at the UE side. This TX timing offset can be either provided by the network or directly compensated at gNB side considering that it is known (i.e. can be measured by gNBs).
Option 2. Ranging (RTT estimation) with multiple cells/TRPs
· The main drawback of this option is that it requires timing measurements form each UE across multiple cells/TRPs that may become a bottleneck for UL SRS (PRS) processing in terms of link budget. In addition, from UL overhead and spectrum efficiency perspective this option has much lower scaling capability in terms of capacity of positioned users. If RTT measurements are available jointly with gNB TX-RX time difference measurements, the inter-cell timing synchronization error can be estimated (either at UE side or gNB side depending on the protocol) and compensated.


[bookmark: _Ref5037708]Figure 2: Principle of measuring of inter-cell time synchronization offset at UE side


In order to support RTT based positioning, two methods are supported by NR
Method 1: Ranging with serving (or reference) cell/TRP for RTT estimation and RSTD measurements with respect to serving (or reference) cell/TRP
This procedure assumes that network is either synchronized (i.e. transmit timing offset among TRPs/gNBs is zero) or TRP’s/gNB’s timing offsets with respect to serving(or reference) cell/TRP are indicated by network
Method 2: Ranging with multiple cells/TRPs (including serving/reference and neighbor cells/TRPs)
This procedure assumes that network measures gNB TX-RX time difference for UEs in serving and neighboring cells
Measured gNB TX-RX time differences are reported to UEs or LMF


DL PRS Measurements for NR DL-AoD based Positioning
If DL PRS RSRPFAP is defined it may be possible to estimate DL-AoD based on either traditional DL-PRS RSRP or DL PRS RSRPFAP criteria (e.g. Resource ID with max DL PRS-RSRP or max DL PRS-RSRPFAP) can be reported. In addition, UE may be able to report measurements using both criteria. In this case, two hypothesis can be analyzed at NW side. In case of LOS propagation condition both criteria are likely to produce the same results that may further increase confidence of LOS radio-conditions together with K-Factor measurements.


DL-AoD can be determined based on either of the two metrics DL PRS RSRP or DL PRS RSRPFAP
Both mechanisms of DL-AoD determination are beneficial for NR Positioning


DL-AoD is measured based on the following criteria
DL PRS Resource ID with max of DL PRS RSRP value
DL PRS Resource ID with max of DL PRS RSRPFAP value

UE Reporting
In our contribution [4], we introduced notion for DL PRS Report configuration. A UE is expected to be configured with DL PRS Resource Sets to perform DL measurements for NR positioning. The open question is how to perform and report UE measurements to network/location server. The following alternatives can be foreseen and need to be further analyzed:
Single measurement is reported per DL PRS Resource Set
· Option 1. DL PRS Resource for measurements is indicated by higher layer signaling from network side (i.e. UE is configured with a dedicated DL PRS Resource for measurements)
· Option 2. DL PRS Resource for measurements is selected by UE (e.g. Resource for RSTD measurement is selected based on pre-configured criteria - maximum PRS-RSRP or PRS-SINR value)
· Option 3. Single measurement is reported based on processing of all DL PRS Resources within a DL PRS Resource Set (i.e. post-processing of measurement results for each DL PRS Resource - e.g. averaging of timing estimate, etc.)
Multiple measurements are reported per DL PRS Resource Set (e.g. report of M measurements)
· Option 1. UE is configured to perform measurement and provide report for M Resources within DL PRS Resource Set, where M is configured for each PRS Resource Set
· Option 2. UE is configured to select M Resources for measurements and provide report within DL PRS Resource Set, where M is configured for each PRS Resource Set and its max value is limited by the size of DL PRS Resource Set

Based on discussion above the main open question is whether UE should have any degree of freedom to select DL PRS Resources for measurements and report (e.g. select best M resources for report) or resources for measurements should be configured by network directly. In our view, at least for network based positioning solutions all measurements done by UE should be directly requested by network and follow configuration provided by network. Network may request UE to provide some assistance information in order to configure UE with proper resources for measurements that will be reported to network [4]. It should be noted that for UE based positioning signaling similar to DL PRS Report configuration may or may not be needed. The following options are possible in this case:
Network assisted UE based positioning
· In case of network assisted UE-based positioning, network may request UE to provide estimate of UE location using measurements from DL PRS Resources provided by network (e.g. DL PRS Resources IDs). It can be considered as an assistance information (i.e. recommended resources so that UE does not need to select DL PRS Resources on its own). This assistance information may be provided by network even w/o requesting estimate of UE location and may be simply signaled as a list of DL PRS Resource IDs recommended for measurements.
Autonomous UE based positioning
· In case of autonomous UE-based positioning, UE does not expect network to provide information on DL PRS Resources for measurements and selects corresponding resources autonomously based on signaled DL PRS Resource Sets broadcasted to all UEs.
However, given that UE based positioning is not agreed yet in RAN2, the above discussion may be postponed.


For network based positioning, UE performs measurements and reports according to DL PRS Report configuration provided by network through higher layer signaling
Network/gNB indicates specific DL PRS Resource Sets IDs and Set of Measurements requested for given DL PRS Resource Sets or individual DL PRS Resources
	Network/gNB may request UE to select M best DL PRS Resources (based on pre-configured criteria e.g. DL PRS RSRP/SINR) for DL PRS Resource Sets indicated for reporting

Granularity of DL PRS Measurements for UE Reporting
The granularity of DL PRS measurements for reporting can be discussed at a later stage once the set of measurements is finalized, as well as more progress on DL PRS design itself is reached. The general rule of thumb here is that reporting granularity should not significantly degrade positioning accuracy.

UE Capability Consideration
The UE DL PRS Resource processing are always limited. For instance, UE may have restriction on maximum number of DL PRS Resources and DL PRS Resource Sets that may be configured. In addition, the number of measurements and reports can be also limited, including values of processing delays. For network based positioning solutions, UE is expected to be configured with the DL PRS Report configurations that are aligned with UE capabilities.


In case of network based positioning solutions, UE is not expected to be configured with number of DL PRS Resource Sets and DL PRS Report configurations that exceed UE capabilities in terms of DL PRS measurements and reporting

Other details of UE capabilities in terms of DL PRS processing can be discussed at later stages when RAN1 makes more progress on DL PRS design.

gNB Measurements for NR Positioning
Measurements on UL SRS (PRS)
In our understanding, measurements supported at gNB side should be symmetrical to measurements supported at UE side (i.e. same set of measurements should be supported) at least for timing based positioning techniques (UL-TDOA and RTT).


For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
UL SRS(PRS) RTOA
UL SRS(PRS) RSRP
UL SRS(PRS) SINR
UL SRS(PRS) RSRPFAP
Can be replaced by K-Factor indication
gNB Tx-Rx time difference
For UL-AoA positioning technique, additional measurement should be introduced (i.e. Azimuth and Zenith). These measurements should be done for the FAP component of channel impulse response.


For NR positioning techniques based on UL-AoA, NR supports angle measurements for the FAP

gNB Reporting
There are two types of gNB reporting that can be considered: 
gNB shares measurements to network (LMF/location server). In general, the corresponding signaling for this type of reporting can be developed by RAN2, however RAN1 may need to work and decide on parameters to be included into that signaling.
gNB shares measurements results to UEs (either directly or through LMF/location server). Signaling details for sharing gNB measurements results to UEs can be discussed in RAN2 WG, however our understanding is that RAN1 can provide recommendation on parameters and measurements to be shared.


NR supports signaling of gNB measurements to UEs
Signaling content is determined by RAN1 WG
Signaling mechanism is developed by RAN2 WG

Conclusion
In this contribution, we have provided initial views on UE and gNB measurements for NR Positioning and have done following proposals:
Proposal 1: 
NR supports DL PRS Report configuration signaled to UE by higher layers
DL PRS Report is configured independently from DL PRS Resource Sets and indicates set of measurements to be conducted by UE for indicated DL PRS Resource Sets IDs or DL PRS Resource IDs
Proposal 2: 
For DL-TDOA and RTT support,
	DL PRS Reference Resource ID is provided by network using higher layer signaling (e.g. as a part of DL PRS Report configuration)
If DL PRS Reference Resource ID is not provided by network, it is selected by UE and indicated to network as a part of UE reporting
Proposal 3: 
For NR positioning techniques based on DL timing estimation, the following measurements are supported for DL PRS signals
DL PRS RSTD
DL PRS RSRP
DL PRS SINR
DL PRS RSRPFAP
Can be replaced by K-Factor indication
Proposal 4: 
In order to support RTT based positioning, two methods are supported by NR
Method 1: Ranging with serving (or reference) cell/TRP for RTT estimation and RSTD measurements with respect to serving (or reference) cell/TRP
This procedure assumes that network is either synchronized (i.e. transmit timing offset among TRPs/gNBs is zero) or TRP’s/gNB’s timing offsets with respect to serving(or reference) cell/TRP are indicated by network
Method 2: Ranging with multiple cells/TRPs (including serving/reference and neighbor cells/TRPs)
This procedure assumes that network measures gNB TX-RX time difference for UEs in serving and neighboring cells
Measured gNB TX-RX time differences are reported to UEs or LMF
Proposal 5: 
DL-AoD is measured based on the following criteria
DL PRS Resource ID with max of DL PRS RSRP value
DL PRS Resource ID with max of DL PRS RSRPFAP value
Proposal 6: 
For network based positioning, UE performs measurements and reports according to DL PRS Report configuration provided by network through higher layer signaling
Network/gNB indicates specific DL PRS Resource Sets IDs and Set of Measurements requested for given DL PRS Resource Sets or individual DL PRS Resources
	Network/gNB may request UE to select M best DL PRS Resources (based on pre-configured criteria e.g. DL PRS RSRP/SINR) for DL PRS Resource Sets indicated for reporting
Proposal 7: 
In case of network based positioning solutions, UE is not expected to be configured with number of DL PRS Resource Sets and DL PRS Report configurations that exceed UE capabilities in terms of DL PRS measurements and reporting
Proposal 8: 
For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
UL SRS(PRS) RTOA
UL SRS(PRS) RSRP
UL SRS(PRS) SINR
UL SRS(PRS) RSRPFAP
Can be replaced by K-Factor indication
gNB Tx-Rx time difference
Proposal 9: 
For NR positioning techniques based on UL-AoA, NR supports angle measurements for the FAP
Proposal 10: 
NR supports signaling of gNB measurements to UEs
Signaling content is determined by RAN1 WG
Signaling mechanism is developed by RAN2 WG
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