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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 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. Suitable downlink reference signals are discussed in Section 3.1 below, and associated measurement aspects are discussed in Section 4.1.
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. The architecture is discussed in Section 5 below.
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. This is discussed in Section 3.2 below, while measurement aspects are discussed in Section 4.2.
The configuration and reporting framework can be different from LTE, for example due to much stricter latency requirements in some use cases. The architecture is discussed in Section 5 below.
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 4.3, 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. The corresponding signals are discussed in Sections 3.1 and 3,2, and associated measurements in Sections 4.1 and 4.2. These are put into the NR E-CID context in Section 4.3. There are also configuration and reporting aspects that needs to be addressed, and these are addressed in Section 5.
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 4.4. 
3	NR Positioning Signals
From the initial requirements discussions in the SID, it is clear that NR positioning signals and procedures should be flexible and configurable to meet different required levels of accuracy, latency etc. In NR Rel. 15 there are reference signals in downlink and uplink which can be useful for positioning measurements. Moreover, when deciding upon positioning reference signals, we think that the existing reference signals should serve as a baseline. In the sections below, we discuss existing reference signals that already are, or we believe could be considered useful for positioning and hence we propose suitable baseline configurations.
3.1	Downlink positioning signals
In general, one may consider the following three different approaches to the selection or design of adequate and flexible downlink positioning reference signals:
· Existing reference signals as is (also used as baseline).
· Existing reference signals with extensions (building on existing signals or completely new design).
· A new design of a Positioning Reference Signal independent of any existing NR reference signals.
In this section, we will focus on the first approach in order to set a baseline before venturing into extensions and new designs.
In LTE, downlink positioning is based on device measurements of RSTD with respect to pairs of cells. The time difference estimate is based on time of arrival measurements per cell, either based on the LTE always on signals PSS/SSS/CRS or on a PRS configured specifically for positioning purposes. For NR it’s natural to consider similar alternatives, i.e. the PSS/SSS in the SS-block, but also the CSI-RS for tracking which can be configured on demand but also configured to meet the combined requirements on synchronization and time of arrival estimation.
The SS-block can be assumed by the UE always to be transmitted with a 20ms periodicity for initial access. Since the SS-block anyhow must be transmitted, the use of the SS-block also for positioning doesn’t impose any additional overhead. 
The CSI-RS for tracking is UE specifically configurable and can be turned off when there is no connected UE in the cell. It’s, however, possible to configure all UEs in a cell with the same shared CSI-RS (or with multiple shared CSI-RSs) for tracking. It’s also clearly possible, by implementation, to keep the shared CSI-RS for tracking on as long as there are connected UE’s in neighbor cells requiring the CSI-RS for tracking for positioning even if there is no connected UE in own cell. To re-utilize the CSI-RS for tracking,  for positioning purpose,  imposes only a very limited additional overhead and only in cells with no load.
[bookmark: _Toc525914141]The SS-block have to be transmitted for initial access and synchronization purposes and can be reused also as a positioning signal without overhead. Also CSI-RS for tracking can be considered as a positioning reference signal with no or very limited additional overhead.
The SS-block has a bandwidth of 20RB and consists of four consecutive symbols. The first SS-block symbol carries the PSS utilizing 127 centrally located subcarriers within the SS-block. The remaining subcarriers in the first SS-block symbol are left unused for PSS protection. The third SS-block symbol carries the SSS utilizing 127 centrally located subcarriers within the SS-block. The remaining four RB’s on each side of the SSS within the SS-block are used for PBCH. The second and fourth SS-block symbols are fully utilized for PBCH. Within PBCH RBs every fourth subcarrier (with offset given by the cell ID modulo 4) is utilized for PBCH DMRS. The PSS, SSS and PBCH DMRS signals are known to the UE and can in principle be used for positioning measurements such as TOA.
The position of the SS-block in the frequency domain is configurable and could in principle be used to create orthogonality between SS-blocks in neighboring cells, with a reuse factor given by the full bandwidth divided by the SS-block bandwidth of 20RB. In practice the SS-block position in frequency is, however, typically configured to be the same in all cells to enable efficient neighbor cell search.
SS-blocks are transmitted in bursts with configurable periodicity from 5ms to 160ms. An SS block for initial access shall, however, be transmitted at least every 20ms. Each SS  burst consists of a number of SS-blocks (typically transmitted over different beams) all transmitted within one half frame (5ms). The maximum number L of SS-blocks in an SS-block burst is 4 below 3GHz, 8 from 3GHz to 6GHz and 64 above 6GHz. The L candidate positions for the SS-blocks within a half frame are fixed given the subcarrier spacing of the SS-block and the frequency band.
The CSI-RS for tracking has a comb-4 pattern in frequency, which can be frequency shifted across base stations. This allows received base station’s signals to be orthogonal. For additional interference immunity it is possible to shift the pattern of the CSI-RS for tracking also in time. The CSI-RS for tracking is scrambled with a 31-bit Gold sequence. For a given UE the CSI-RS shall be configured to be larger than or equal to 50RB (up to the full system bandwidth) or equal to the UE BWP. In practice the bandwidth of the CSI-RS for tracking transmitted in a cell and shared among UE’s with different BWPs is therefore between 50RB and the full system bandwidth. The CSI-RS for tracking comes in bursts with a periodicity of 10ms, 20ms, 40ms or 80ms.
[bookmark: _Toc525914142]The resource allocation scheme of the CSI-RS for tracking allows orthogonal transmission from neighboring base stations utilizing both frequency and time multiplexing. Simultaneously, the use of Gold codes provides additional interference immunity.
In comparison with the SS-block we note that the CSI-RS for tracking has better orthogonality properties and a larger bandwidth. We also note that the CSI-RS for tracking utilizes more subcarriers per symbol than PSS/PBCH DMRS/SSS+PBCH DMRS/PBCH DMRS in the four symbols of the SS-block. Clearly the CSI-RS for tracking is superior for positioning purposes.
Clearly the CSI-RS for tracking is suitable for positioning purposes and we propose to use the CSI-RS for tracking as a baseline for the evaluations of downlink reference signals for positioning with the configurations given in Table 1 for FR1 and in Table 2 for FR2. At high frequencies the CSI-RS for tracking will typically be beamformed and we consequently propose a configuration with multiple beams for FR2. One may note that the use of beams gives additional information on Angle of Departure (AoD) that can be of used for positioning.
To facilitate the analysis of new proposals for downlink positioning reference signals, it is important to define a baseline that all proposals needs to relate to and compare to in simulations. Therefore, we have defined CSI-RS for tracking configurations in Table 1 and 2. In relation, we have the following proposal:
[bookmark: _Toc525914150]Use the CSI-RS for tracking configurations for FR1 in Table 1 and FR2 in Table 2 as baseline, which means that all proposed NR positioning downlink reference signals shall be evaluated with the corresponding baseline of the same bandwidth and periodicity.
Table 1. Description of baseline configurations for the CSI-RS for tracking in FR1
	Bandwidths
	 Maximum Bandwidth, 275 PRBs

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a burst of the CSI-RS for tracking
	Alternative 1: (5,9) in all cells {allowing reuse 4 in combination with subcarrier offset}
Alternative 2: (4,8) or (5,9) {allowing reuse 8 in combination with subcarrier offset}
Alternative 3: (4,8) or (5,9) or (6,10) {allowing reuse 12 in combination with subcarrier offset}

	Slot offset
	Same in all cells

	Number of CSI-RS for tracking configured in each cell (i.e. number of beams).
	1

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	Two slots

	Sequence
	Gold sequence according to NR specification for CSI-RS



[bookmark: _Hlk525887939]Table 2 Description of baseline configurations for the CSI-RS for tracking in FR2
	Bandwidth
	 Maximum Bandwidth, 275 PRBs.

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a CSI-RS burst
	four different symbol positions.

	Slot offset
	Alternative 1: three different slot offsets {Allowing 12 beams + reuse 4 in combination with subcarrier offset and symbol positions}
Alternative 2: six different slot offsets {Allowing 12 beams + reuse 8 in combination with subcarrier offset and symbol positions}
Alternative 3: twelve different slot offsets {Allowing 12 beams + reuse 12 in combination with subcarrier offset and symbol positions}

	Number of CSI-RS for tracking configured in one cell (i.e. number of beams).
	12

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	One slot

	Sequence
	Gold sequence according to NR specification for CSI-RS



In NR, DMRS is transmitted in both DL and UL using orthogonal time/frequency patterns of REs. In addition, different code sequences are used on coinciding REs to minimize interference between different cells and/or beams. 
DMRS is always transmitted together with its associated data (in DL & UL). This fact makes it less suitable to be used as a DL PRS, since data from adjacent cells may then strongly interfere on coinciding DMRS REs, which degrades the positioning accuracy.

[bookmark: _Toc525914143]DMRS in the DL is less suitable as a downlink positioning reference signal due to expected interference from transmitted data from adjacent BSs.
3.2	Uplink Positioning Signals
Uplink timing for communication is established using either the uplink physical random access channel preambles (PRACH) during the random-access procedure or via a specific order from the network, or the demodulation reference signals that are transmitted in the uplink together with uplink data.
Uplink Sounding Reference Signals (SRS) is currently the main reference signal transmitted by the UE. We propose to use it as a baseline signal for evaluating uplink-based positioning methods. 
SRS is the UE specifically-configured uplink signal. In time domain configuration, SRS can be configured for 1, 2, 3 or 4 symbols within the last 6 symbols of a slot. Typically, the slots can be transmitted with multiple periodicity, 1, 2, 4, 5, 10, 20, 40, 80, 160, 320, 640, 1280 or 2560 slots. All slot offsets are supported for a given periodicity value. SRS can be configured aperiodically as well. It can also support semi-persistent transmission, i.e., periodic until further notice. 
In frequency domain, SRS can support up to 272 PRBs, nearly maximum bandwidth supported in NR, which is a useful feature for uplink-based positioning. Hence, SRS is flexible and can be configured with different bandwidth, symbol density, periodicity, etc.
[bookmark: _Toc525914144]It is feasible to use SRS for positioning purposes. Slot offset and comb offset can be used for orthogonality between UEs.
Again, to facilitate the analysis of new proposals for uplink positioning reference signals, it is important to define a baseline that all proposals needs to relate to and compare to in simulations. Therefore, we have defined SRS configurations in Table 3. In relation, we have the following proposal:
[bookmark: _Toc525914151]Use the SRS configurations for FR1 and FR2 in Table 3 as baseline, which means that all proposed NR positioning uplink reference signals shall be evaluated the corresponding baseline with the same bandwidth and periodicity.
Table 3 Description of baseline configurations for SRS in FR1 and FR2
	Bandwidth
	 Maximum Bandwidth, 272 PRBs

	Comb factor
	4

	Frequency Hopping pattern
	No hopping 

	Numerology
	All

	No. of symbols
	1, 2, 4

	Slot periodicity
	 all possible values

	Slot offset
	all possible values

	SRS ports
	1



For the UL, e.g. using UTDOA, different UEs would typically use orthogonal REs (for both DMRS and data), so the DMRS would not be interfered in the same way as in the DL when received at a particular BS. A DMRS signal received at multiple (at least three) BSs could thus be used as a PRS for positioning. One drawback is however that the DMRS is always used with data, so DMRS is not “always available” even in connected mode (unlike SRS), so whether it could be used would depend on the existence of UL data from the relevant UE. For this reason, the SRS, described above, is likely to be more generally applicable as an UL PRS and is therefore suggested to be used in the baseline
[bookmark: _Toc525914145]Both SRS and DMRS may be used in the UL for e.g. UTDOA. However, since DMRS is not always available (unlike SRS) in connected mode, SRS is more generally applicable as an UL PRS.
4	NR Positioning Measurements
4.1	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: _Toc525914146]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: _Toc525914147]Downlink measurements includes downlink positioning reference signal time of arrival measurements from which the device can compile RSTD measurements as in LTE
4.2	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: _Toc525914148]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: _Toc525914149]Uplink measurements includes uplink positioning reference signal time of arrival measurements from which reception points can compile RTOA measurements as in LTE.
4.3	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:
[bookmark: _Toc525914152]Support NR E-CID based on available RRM measurements and procedure information.
[bookmark: _Toc525914153]Add the text proposal for NR E-CID in Appendix A.1 to the TR.
4.4	Rel. 16 Further E-CID Measurements
One may also consider the introduction of new measurements. 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.
[bookmark: _Toc525914154]Study possible extensions to NR E-CID based on NR specific measurements, procedures and information.
5	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. Further, RAN2/RAN3 may study the end to end delay. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The SS-block have to be transmitted for initial access and synchronization purposes and can be reused also as a positioning signal without overhead. Also CSI-RS for tracking can be considered as a positioning reference signal with no or very limited addiional overhead.
Observation 2	The resource allocation scheme of the CSI-RS for tracking allows orthogonal transmission from neighboring base stations utilizing both frequency and time multiplexing. Simultaneously, the use of Gold codes provides additional interference immunity.
Observation 3	DMRS in the DL is less suitable as a downlink positioning reference signal due to expected interference from transmitted data from adjacent BSs.
Observation 4	It is feasible to use SRS for positioning purposes. Slot offset and comb offset can be used for orthogonality between UEs.
Observation 5	Both SRS and DMRS may be used in the UL for e.g. UTDOA. However, since DMRS is not always available (unlike SRS) in connected mode, SRS is more generally applicable as an UL PRS.
Observation 6	The LTE E-CID downlink measurement scope can be supported in NR based on available RRM measurements defined in Rel. 15.
Observation 7	Downlink measurements includes downlink positioning reference signal time of arrival measurements from which the device can compile RSTD measurements as in LTE
Observation 8	The LTE E-CID uplink measurement scope can be supported in NR based on available measurements defined in Rel. 15 or via implementation.
Observation 9	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	Use the CSI-RS for tracking configurations for FR1 in Table 1 and FR2 in Table 2 as baseline, which means that all proposed NR positioning downlink reference signals shall be evaluated with the corresponding baseline of the same bandwidth and periodicity.
Proposal 2	Use the SRS configurations for FR1 and FR2 in Table 3 as baseline, which means that all proposed NR positioning uplink reference signals shall be evaluated the corresponding baseline with the same bandwidth and periodicity.
Proposal 3	Support NR E-CID based on available RRM measurements and procedure information.
Proposal 4	Add the text proposal for NR E-CID in Appendix A.1 to the TR.
Proposal 5	Study possible extensions to NR E-CID based on NR specific measurements, procedures and information.
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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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