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1	Introduction
The Rel 16 study item on NR positioning aims at different types of use cases, including both regulatory and commercial use cases. The study item description [1] defines the objectives, including the following for the potential solutions:
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.
In this paper, we discuss solution concepts, some proposed baseline configurations and some restrictions.
We note that the LTE E-CID scope can be supported in NR based on available RRM measurements defined in Rel. 15 and propose to support reporting of E-CID measurements based on available RRM measurements and to add a first text proposal to the TR.
[bookmark: _Ref178064866]2	Positioning Methods
Positioning methods in 3GPP are typically defined by one or several device capabilities, signal and procedure definitions and configurations, measurements and associated requirements, as well as positioning algorithms. Albeit the latter is up to implementations, there are some common understanding of what corresponds to typical algorithms. The RAT dependent positioning in LTE is typically divided into three positioning methods [2]:
· Downlink positioning
· Uplink positioning
· Enhanced Cell ID 

LTE downlink positioning is based on device measurements of reference signal time difference (RSTD) with respect to pairs of cells. The time difference estimate is based on time of arrival measurements per cell, either based on PSS/SSS/CRS or a configured positioning reference signal (PRS). The PRS can be configured with a bandwidth, repetition and periodicity, and it is also possible to configure more than one PRS per cell, for example in the case when there are multiple transmission points associated to the same cell. The RSTD measurements are exploited in a time difference of arrival (TDOA) method, labelled Observed TDOA (OTDOA).
LTE uplink positioning utilizes a configured uplink signal for reception at multiple location measurement units (LMU). The considered uplink signal is the channel sounding reference signals (SRS), configured via RRC by the serving eNB, and the SRS configuration is shared to the LMUs, which reports the measured Uplink Relative Time of Arrival (UL-RTOA) to the location server. The key unknown parameter is the device transmission time of the SRS, which can be removed by forming relative differences of UL-RTOA, leading to an uplink TDOA (UTDOA) method.
LTE E-CID is a common name for position related information that can enhance the cell ID only positioning. Essentially, that is limited to measurements and information that is anyway available due to other functions or procedures. It includes radio signal strength and quality measurements associated to the serving cell as well as neighbour cells at the same carrier or different carrier for the same RAT, or different RATs. Moreover, it also includes serving cell timing advance information and serving cell angle of arrival estimates.
Essentially, a similar set of positioning methods can be considered for NR but adapted to the new enablers and concepts in NR. In the following subsections, we will discuss these positioning methods, and also split E-CID into one part based on measurements and information available from Rel. 15, and one part based on measurements and procedures introduced in Rel. 16, possibly tailored to NR positioning needs.
2.1	NR Downlink Positioning
OTDOA is based on device measurements of relative time differences of references signals from different base stations. Suitable downlink reference signals may be any of the already existing downlink NR signals or new NR signals introduced dedicatedly for downlink positioning, or combinations of these. RAN1 will be focused on different suitable downlink reference signals, and once agreed, RAN2 needs to define configuration and reporting accordingly. The configuration and reporting framework are not necessarily the same as in LTE, due to for example much stricter latency requirements in some use cases. 

2.2	NR Uplink Positioning
UTDOA is based on reception and time of arrival estimation of a UE uplink signal at multiple LMUs. Suitable uplink reference signals may be any of the existing uplink NR signals or new NR uplink signals, or combinations of these. RAN1 will be focused on different suitable downlink reference signals, and once agreed, RAN2 needs to define configuration and reporting accordingly. The configuration and reporting framework can be different from LTE, for example due to much stricter latency requirements in some use cases. 

2.3	NR E-CID Positioning, Rel. 15 Measurements
LTE E-CID is based on readily available measurements and procedure information in the UE and the eNB. The same approach will be adopted in NR. As discussed in Section 3.3, a starting scope for NR E-CID should be measurements and procedure information that has been introduced in NR Rel. 15, both in the UE and the gNB. These includes radio resource measurements of radio signal strength and quality, but also relative timing measurements. 

2.4	NR Further Enhanced CID Positioning
NR introduces new concepts, features, functions, procedures, information, etc. Therefore, the enhanced Cell ID scope can be further enhanced by introducing measurements and information based on these NR specific components. It is instructive to discuss these separately, as is briefly initiated in Section 3.4. 
3	NR Positioning Measurements
3.1	Downlink Measurements
Clearly downlink measurements that have been used for positioning in LTE, such as RSTD, RSRP, RSRQ and UE RX-TX time difference should be considered also for NR. In particular we note that the full downlink scope of the LTE E-CID can be supported in NR based on available RRM measurements defined in Rel. 15 [3].  These includes:
· SS-RSRP and SS-RSRQ of serving and intra-frequency neighbor cells
· SS-RSRP and SS-RSRQ of inter-frequency cells
· SS-RSRPB of intra-frequency cells (only FR2)
· CSI-RSRP and CSI-RSRQ of intra- and inter-frequency cells
· Radio signal strength and quality of inter_RAT cells
· Serving cell UE RX-TX time difference

[bookmark: _Toc1043384]The LTE E-CID downlink measurement scope can be supported in NR based on available RRM measurements defined in Rel. 15.

Furthermore, the downlink measurements include time of arrival measurements based on downlink positioning reference signals from serving and non-serving transmission points. The time of arrival measurements in the context of OTDOA are typically used to compile relative time difference measurements from pairs of transmission points to form RSTD measurements.
[bookmark: _Toc1043385]Downlink measurements includes downlink positioning reference signal time of arrival measurements from which the device can compile RSTD measurements as in LTE
3.2	Uplink Measurements
The LTE E-CID scope can again be supported based on existing Rel. 15 NR measurements. The standardized uplink measurements used for E-CID are based on uplink time of arrival based on either DM-RS (type 1) or PRACH (type 2). In addition, there is the uplink-based angle of arrival, which is implementation specific 
· Timing advance type 1 and 2
· Angle of arrival
The timing advance information is available in the serving base station, and if supported, the angle of arrival estimates can be provided based on uplink measurements in the serving transmission point.
[bookmark: _Toc1043386]The LTE E-CID uplink measurement scope can be supported in NR based on available measurements defined in Rel. 15 or via implementation.

Given a well-defined uplink waveform, the serving and non-serving reception points can determine the uplink time of arrival. That requires that the reception points are provided with information about the waveform. These time of arrival measurements are in LTE UTDOA reported as time relative a reference time as a UL-RTOA measurement.
[bookmark: _Toc1043387]Uplink measurements includes uplink positioning reference signal time of arrival measurements from which reception points can compile RTOA measurements as in LTE.
3.3	NR E-CID based on Rel. 15 NR Measurements
Given the observations, it is clear that the LTE E-CID scope can be supported based on Rel. 15 NR measurements and information. Therefore, we have the following proposals for a baseline addition to the technical report:
[bookmark: _Toc1043388]Support NR E-CID based on available RRM measurements and procedure information agreed in Rel. 15 for NR.
[bookmark: _Toc1043389]Add the text proposal for NR E-CID in Appendix A.1 to the TR.
This text shall be seen as a baseline and can be further enhanced based any new components discussed and agreed in the study and work items.
3.4	Rel. 16 Further E-CID Measurements
One may also consider the introduction of new measurements and procedural information. At high frequencies the beam/angular dimensions become more important. UE reporting of which downlink beam has been used for a certain measurement could give additional information on the DL AoD. Likewise, a UE measurement of the DL AoA could potentially give improved positioning. For the DL AoA one would, however, need to take into account the mobile character of the UE orientation. These measurements and procedures are discussed in more detail in RAN1, and here we only provide the listings of possible additions.
First, measurements associated to the UL and DL positioning methods such as UL RTOA and DL RSTD can be considered. Then in addition, there has been several different proposed concepts, procedures and measurements proposed for UL+DL positioning:
a. Serving cell DL Angle of Departure based on beam based DL reference signals
b. Non-serving cell DL Angle of Departure based on beam based DL reference signals
c. Non-serving cell UL Angle of Arrival
d. UE Rx-Tx w.r.t. all serving cells (CA, DC)
e. gNB Rx-Tx from all serving cells (CA, DC)
f. Non-serving gNBs listens to serving cell RTT signaling
g. UE listens to RTT signaling between gNBs
h. UE initiated RTT with serving gNBs, dedicated DL PRS
i. UE initiated RTT with multiple gNBs, dedicated DL PRS
j. UE initiated RTT with serving gNBs, common DL PRS
k. UE initiated RTT with multiple gNBs, common DL PRS
l. gNB initiated RTT with serving UE
m. gNB initiated RTT with multiple UEs
n. Serving cell RTT and UE neighbor cell RSTD based on common DL PRS
o. Serving cell RTT and UE neighbor cell RSTD based on dedicated DL PRS
p. Serving cell RTT and gNB neighbor cell RTOA
q. Detailed DL PRS impulse response measurement, with time lags and power per path
r. Detailed DL PRS impulse response measurement, with detailed time lags, phase and power per path
s. Detailed UL impulse response measurements, with time lags and power per path
t. Detailed UL impulse response measurement, with detailed time lags, phase and power per path
u. Phase difference of arrival (PDOA) (difference over subcarriers)
v. PDOA feedback based on phase modulation
Clearly, there are a large number of possible candidates for UL+DL enhancements. Therefore, these needs to be thoroughly studied with respect to performance, capacity, coverage etc before it is possible to identify the key concepts.
[bookmark: _Toc1043390]Study possible extensions to NR E-CID based on NR specific measurements, procedures and information.
4	NR Positioning Architecture Aspects




Figure 1: UE Positioning Architecture applicable to NG-RAN [3gpp 38.305]
The expectation to meet requirements in terms of latency, coverage etc. should ensure that the architecture aspect is not violated, and the defined Positioning architecture is leveraged upon. 
From RAN1 perspective, the main nodes and interface would be UE, gNB and NR-Uu respectively. The LTE-Uu interface and ng-eNB can be omitted.
In terms of latency, from RAN1 perspective, it is mainly the NR-Uu interface delay, and measurement durations plus possibly some procedure delays. The objective is not to focus on NRPPa or NLs. The delays occurred in these interfaces would be assumed to be some constant value, if need be. RAN2 therefore need to study different protocol and procedure aspects of downlink, uplink and E-CID positioning, including latency aspects. 
[bookmark: _Toc1043391]RAN2 to study protocol and procedure aspects of downlink and uplink positioning methods as well as E-CID, including latency aspects.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The LTE E-CID downlink measurement scope can be supported in NR based on available RRM measurements defined in Rel. 15.
Observation 2	Downlink measurements includes downlink positioning reference signal time of arrival measurements from which the device can compile RSTD measurements as in LTE
Observation 3	The LTE E-CID uplink measurement scope can be supported in NR based on available measurements defined in Rel. 15 or via implementation.
Observation 4	Uplink measurements includes uplink positioning reference signal time of arrival measurements from which reception points can compile RTOA measurements as in LTE.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support NR E-CID based on available RRM measurements and procedure information agreed in Rel. 15 for NR.
Proposal 2	Add the text proposal for NR E-CID in Appendix A.1 to the TR.
Proposal 3	Study possible extensions to NR E-CID based on NR specific measurements, procedures and information.
Proposal 4	RAN2 to study protocol and procedure aspects of downlink and uplink positioning methods as well as E-CID, including latency aspects.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-182155, Study on NR positioning support, RAN1, Intel Corporation, Ericsson, June 2019.
3GPP TS 36.305, Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN
3GPP TS 38.215 V.15.3.0, NR; Physical layer measurements
Appendix A	Text Proposals
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[bookmark: _Toc525727764][…]
7.1.1	Enhanced cell ID positioning methods 
[bookmark: _Toc525727765]7.1.1.1	General
In the Cell ID (CID) positioning method, the UE position is estimated with the knowledge of the geographical coordinates of its serving ng-eNB or gNB.
Enhanced Cell ID (E-CID) positioning refers to techniques which use UE and/or NG-RAN radio resource related measurements to improve the UE location estimate.
Although E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions.
In cases with a requirement for close time coupling between UE and NG-RAN measurements (e.g., TADV type 1 and UE Rx-Tx time difference), NG-RAN configures the appropriate RRC measurements and is responsible for maintaining the required coupling between the measurements.
NOTE:	For E-CID positioning methods the UE reports only the measurements that it has available rather than being required to take additional measurement actions.
E-CID measurements for NR per intra/inter-frequency or inter-RAT cell may include [x,y]:
UE measurements ([x], [y]):
-	NR SS reference signal received power (SS-RSRP)
-	NR CSI reference signal received power (CSI-RSRP)
-	NR SS reference signal received quality (SS-RSRQ)
-	NR CSI reference signal received quality (CSI-RSRQ)
-	NR SS reference signal received power per branch (SS-RSRPB)
-	UE NR Rx – Tx time difference;
-	E-UTRA Reference signal received power (RSRP);
-	E-UTRA Reference Signal Received Quality (RSRQ);
-	UE E-UTRA Rx – Tx time difference; 
-	GERAN RSSI;
-	UTRAN CPICH RSCP;
-	UTRAN CPICH Ec/Io;
-	WLAN RSSI.
E-UTRAN measurements ([x], [y]): 
-	gNB Rx – Tx time difference;
-	Timing Advance (TADV):
-	Type1: TADV = (gNB Rx – Tx time difference) + (UE NR Rx – Tx time difference);
-	Type2: TADV = gNB Rx – Tx time difference;
-	ng-eNB Rx – Tx time difference;
[bookmark: _Hlk494070603]-	Timing Advance (TADV):
-	Type1: TADV = (ng-eNB Rx – Tx time difference) + (UE E-UTRA Rx – Tx time difference);
-	Type2: TADV = ng-eNB Rx – Tx time difference;
-	Angle of Arrival (AoA).
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are beyond the scope of this specification.
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