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Introduction
In the presented work item [1] 3GPP defined framework for NR based positioning of UEs, including definition of new reference signals, physical layer measurements, procedures and higher layer protocols for support of NR RAT-dependent and RAT-independent positioning technologies. This completed normative work [2] is a continuation of the 3GPP Rel.16 study item on NR Positioning Support [3]. The main motivation behind this work is to support accurate UE positioning in NR technology by utilizing RAT-dependent and RAT-independent solutions.
2
Description
RAT-dependent positioning techniques

In the NR positioning WI 3GPP specified support for the following RAT-dependent positioning techniques (defined in the TS 37.355):

· DL TDOA – Downlink Time Difference of Arrival 

· DL AoD – Downlink Angle of Departure

· UL TDOA – Uplink Time Difference of Arrival 

· UL AoA – Uplink Angle of Arrival (Azimuth and Zenith)
· Multi-RTT – Multi Round Trip Time 
· NR E-CID – NR Enhanced Cell ID
These positioning methods may be supported in UE-based, UE-assisted/LMF-based, and NG-RAN node assisted versions.
Table 1: Supported versions of UE positioning methods (defined in the TS38.305)
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted

	DL-TDOA
	Yes
	Yes
	No

	DL-AoD
	Yes
	Yes
	No

	Multi-RTT
	No
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes

	UL-TDOA
	No
	No
	Yes

	UL-AoA
	No
	No
	Yes


Physical layer signals and measurements

In order to support RAT-dependent positioning solutions, the following new reference signals and new physical layer measurements were specified:

· Reference signals (defined in the TS 38.211)

· DL Positioning Reference Signals (DL PRS)

· UL Sounding Reference Signals (SRS) for positioning 
· Physical layer measurements (defined in the TS 38.215)
· UE measurements

· DL PRS-RSRP (downlink positioning reference signals - reference signal receiver power)
· Applied for DL AoD, DL TDOA, Multi-RTT
· DL RSTD (downlink reference signal time difference)

· Applied for DL TDOA

· UE Rx – Tx time difference
· Applied for Multi-RTT
· NG-RAN (gNB) measurements

· UL RTOA (uplink relative time of arrival)
· Applied for UL TDOA
· UL SRS reference signal received power (UL SRS-RSRP)
· Applied for UL TDOA, UL AoA, Multi-RTT

· gNB Rx – Tx time difference
· Applied for Multi-RTT

· UL AoA (uplink angle of arrival)

· Applied for UL AoA and E-CID
In addition, the existing RRM measurements were reused for NR E-CID support: CSI-RSRP, CSI-RSRQ, SS-RSRP, SS-RSRQ.

Downlink positioning reference signals

Downlink positioning reference signals (DL PRS) are allocated and transmitted periodically with configurable periodicity and time offset with respect to SFN0. The DL PRS configuration is done per DL positioning frequency layer that defines multiple DL PRS resource sets associated with different transmission/reception points (TRPs) and characterized by the same DL PRS subcarrier spacing, transmission bandwidth, cyclic prefix length, DL PRS Point A and offset with respect to DL PRS Point A. DL PRS resource set may contain multiple DL PRS resources, where each DL PRS resource is associated with certain spatial transmission direction of DL PRS from a given TRP (beam) and characterized by configurable number of symbols, resource element pattern, initial comb-offset, offset in slots, symbols and DL PRS sequence ID.
DL PRS is single port signal that can be configured as quasi-collocated with SSB index or other DL PRS resources. The configuration of DL PRS is provided as a part of UE assistance information. DL PRS transmissions can be muted according to configured bitmaps for each DL PRS resource set that control the DL PRS resource set transmission period or DL PRS resource repetition transmission within a DL PRS transmission period.

Uplink sounding reference signals for positioning

Uplink sounding reference signals for positioning are defined based on NR UL SRS with modified staggered RE pattern and disabled frequency hopping. The UL SRS for positioning are defined through configuration of UL SRS resource sets for positioning, where each set may contain multiple UL SRS resources for positioning. UL SRS resource for positioning is characterized by number of symbols, transmission bandwidth, RE pattern, time offset and may be associated with UE TX beam. UL SRS resources for positioning can be spatially related with SSB indexes or DL PRS resource index as well as reference signal for UL open loop power control towards serving and neighbor cells (defined for UL SRS for positioning). 
LMF may recommend the spatial relation and pathloss reference to the gNB for SRS configuration. LMF may also request activation and deactivation of non-periodic SRS transmission to the gNB.
Broadcast of Assistance Data
Positioning assistance data can be included in positioning System Information Blocks (posSIBs) which are carried in RRC System Information (SI) messages. The UE may request posSI by means of on-demand SI request in RRC_IDLE/RRC_INACTIVE and also request posSIBs by means of on-demand SI request in RRC_ CONNECTED.
For each assistance data element, a separate posSIB-type is defined. Each posSIB may be ciphered by the LMF using the 128-bit Advanced Encryption Standard (AES) algorithm (with counter mode), either with the same or different ciphering key. 
RAT independent positioning techniques

PPP and RTK, are already supported in Rel-15 LPP. In Rel-16, LPP is extended to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS for both LTE and NR. Following additional information are added to be transferred from the LMF to UE:
· SSR Phase Bias

· SSR STEC Corrections

· SSR Gridded Correction

· SSR URA

· SSR Correction Points

Positioning network architecture 

In the positioning architecture specified in TS 38.305 and TS 38.401, the LMF is connected to the NG-RAN node through the AMF. The NG-RAN node may control several TRPs. Both split (i.e. CU/DU) and non-split NG-RAN architectures are supported. The NRPPa and the F1AP protocols have been extended to support the positioning methods listed above.

UE DL PRS processing requirements 

For defined physical layer measurements DL-RSTD, DL PRS-RSRP and UE Rx-Tx time difference in Rel16, the requirements on the measurement time were defined. These requirements are applicable for the case when measurement gap is configured to UE.  The UE processing capabilities specified in the TS 37.355 are taken into account to derive total DL PRS measurement delay.
Measurement gaps 
On top of legacy measurement gap patterns, the new measurement gap patterns with > 6ms measurement gap length (MGL) were introduced in Rel16 for NR positioning.

	MG length (ms)
	MG period (ms)

	20
	160

	10
	80


These two gap patterns can be requested by the UE and configured by the network only when the UE is configured via LPP with NR positioning measurements and can only be used during the corresponding positioning measurement period. The supported measurement gaps are applicable for DL PRS and NR/LTE RRM measurements i.e. new gaps are not shared between PRS and 2G/3G RRM measurements.
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