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1	Introduction
RAN#81 approved the revised SID for the Study on NR positioning support with the following objectives specified for RAN1 on potential solutions [1]:
	· 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 RAN1#94bis it was agreed that RAT-dependent positioning in NR may include both downlink- and uplink-based solutions as well as a combination of both [5]:
	Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions



As this first agreement is rather general and a more concrete direction in the study item would be beneficial we will propose in this contribution to study at least Enhanced Cell-ID (E-CID), and specifically measurements in support of the E-CID technique, Observed Time Difference of Arrival (OTDOA), and Uplink Time Difference of Arrival (UTDOA) as the most established known solutions. We have already proposed some of these techniques in [6] and will now provide additional points for consideration.
2	Measurements for RAT-specific positioning in LTE
LTE has studied and specified a number of RAT-independent as well as RAT-specific measurements and reporting for positioning support. The RAT-specific measurements are defined for the support of Enhanced Cell ID, OTDOA and UTDOA techniques, and can be considered as a reference. These measurements are summarized below, and the exact specification is provided for reference in the Annex.

Measurements introduced to the UE [2]:

5.1.12	Reference signal time difference (RSTD)
5.1.15	UE Rx – Tx time difference

· RSTD is the time difference measurement for OTDOA
· UE Rx-Tx time difference is for RTT determination in support for ECID

Measurements introduced to the eNB [2]:

5.2.4		Timing advance (TADV)
5.2.5		eNB Rx – Tx time difference
5.2.7		Angle of Arrival (AoA)
5.2.8		UL Relative Time of Arrival (TUL-RTOA)

· Timing advance measurement is for RTT determination in support for ECID
· eNR Rx-Tx time difference measurement is for RTT determination in support for ECID
· Angle of Arrival measurement is for AoA determination for ECID
· RTOA is the time difference measurement for UTDOA

In addition, UE RSRP and RSRQ measurements are provided to the E-SLMC over the LPP for Enhanced Cell ID positioning [3], and similarly the NR radio measurements should be provided to the positioning server, but unless new radio measurements for positioning purposes are identified, there is no RAN1 related work due to these.
Looking at the same techniques and measurements for NR can be considered as a natural starting point – at least the same techniques should be enabled for NR than what are defined for LTE.
3	Measurements in support of Enhanced Cell ID
NR Release 15 defines RSRP, RSRQ and SINR measurements based on SS-block as well as based on CSI-RS. These are natural candidates for reporting towards the positioning server in NR as well.
For the RTT determination purposes, the UE Rx-Tx time difference and the gNB Tx-Rx time difference measurements should be introduced. If the UE is able to maintain a link towards multiple cells, then the UE measurement should be able to distinguish multiple Rx-Tx time differences. 
For UE direction determination purposes, a gNB angle of arrival, including elevation angle component, should be defined. The additional benefit from the gNB angle of departure over AoA should be established before determining if that measurement should be introduced
Other measurements in support of Enhanced Cell-ID based positioning can also be considered.
Proposal 1: In support of Enhanced Cell ID positioning technique, introduce measurements for UE Rx-Tx time difference, gNB Tx-Rx time difference and Angle of Arrival including elevation angle for NR.
Observation 1: Enhanced Cell ID (RTT, AoA) could be studied as a positioning solution which could also be used in addition to other positioning solutions (e.g., OTDOA, UTDOA) for UEs with high accuracy and/or low latency requirements.
4	Observed Time Difference of Arrival (OTDOA)
OTDOA was successfully specified in LTE Rel-9 with the primary target at the time to augment A-GNSS and E-CID for better E911 position reliability. The evaluation effort was primarily driven to understand under what conditions the E911 requirements are met, and what are the boundary conditions (hearability, detection performance, RSTD measurement accuracy, gNB position error, gNB time sync error) under which OTDOA is able to deliver.
As all the learnings from LTE can directly be applied to NR, similar full-scale evaluation may not be necessary, while the learnings form the LTE OTDOA design should be used when defining the NR OTDOA solutions. Thus, rather than spending a lot of time on aligning the simulation platforms for positioning measurement accuracy, majority of the RAN1 effort should go into designing the PRS framework that at least meets the LTE RSTD detection and accuracy performance under all conditions, and in as many aspects as possible improves over them.
As the PRS design of LTE as specified in [7], section 6.10.4 is well understood and has shown its capability to meet at least E911 requirements, it is the obvious starting point for the study of NR PRS.
Proposal 2: Inroduce PRS and corresponding RSTD measurement for NR. Reference case for the study of NR PRS design is the LTE PRS as specified in [7], section 6.10.4.
Any novel PRS configuration exceeding the reference case should consider duration, bandwidth, and periodicity of PRS transmission and the density of resource elements allocated for PRS per transmission point as basic configuration parameters. PRS transmission power may be considered as additional configuration parameter. 
The PRS design must ensure that RSTD measurements with sufficiently high SINR from enough PRS transmission points are possible within a reasonable, potentially use case specific time period. This will require isolation of PRS originating from different transmission points that is achievable e.g. through usage of mutually orthogonal time and frequency resources, usage of code sequences with good auto- and/or cross-correlation properties, or spatial separation through PRS transmission in a certain direction. 
PRS design and configuration parameters as outlined above may be configured statically, time varying, e.g. in the sense of a permutation pattern, or fully dynamically based on user density and requirements.
Proposal 3: For any study exceeding the reference case, PRS design, mapping of PRS on radio resources and PRS transmission shall at least consider the following basic paradigms:
· PRS transmission time, bandwidth, periodicity, density and power are configurable;
· Isolation between PRS from different transmission points can be achieved in time domain, frequency domain, code domain, or space domain, or a combination thereof;
· PRS cannot coincide with any signal transmission other than PRS from other transmission points;
· Design and configuration parameters can change over time.
In LTE, PRS can be transmitted on one single antenna port only. This is disadvantageous if not the complete cell area can be illuminated with sufficient receive signal strength. In FR2 this is more likely to happen. The possibility of directional transmission (beamforming) of PRS can solve the problem if this direction can change over time, e.g. from PRS occasion to PRS occasion. Alternatively, two or more simultaneous directed PRS transmissions per transmission point can be applied.
Proposal 4: Beamforming of PRS should be possible, at least for FR2. Time-varying beam directions (beam sweeping) and/or multiple simultaneous beams should be considered as potential solutions to achieve full coverage. 
5	Uplink Time Difference of Arrival (UTDOA)
The UTDOA, as an uplink based positioning solution, has been standardized in 3GPP Release 11 for LTE positioning. UTDOA is based on measurements of the TOA of an uplink reference signal (SRS for LTE) sent from the UE and received at multiple LMUs. Compared with OTDOA positioning method, UE does not require to measure TOA in UTDOA positioning method, which lowers the requirements (complexity) of UE to support positioning.
To standardize the UTDOA positioning method in NR, some issues/challenges should be considered or studied: 
1. Overhead: The UTDOA positioning method usually occupies more network resources than the OTDOA positioning method, when many UEs request positioning service simultaneously, since each of UEs requesting positioning service requires serving cell and every LMU to reserve resource for receiving positioning reference signal (e.g., SRS).
2. Hearability: For the UTDOA positioning method, the UE instead of gNBs sends reference signal, and multiple LMUs measure the signal. Since Tx power of UEs is usually smaller than that of gNBs, the hearability (TOA estimation accuracy) of reference signal is a challenge for far LMUs. Furthermore, for FR2, there exists a large difference between DL and UL link budget (e.g., up to 25dB for 28GHz system). The difference further decreases the hearability for UTDOA, compared with OTDOA. In addition to the link budget difference a UE may also beamform its transmission at FR2. In this case it may require the UE to send multiple signals (using different beams) in order to be heard by a sufficient number of gNBs to perform UTDOA. 
3. Beam management: Multi-beam operation has been standardized in NR, where Tx-Rx beam pair is used for UL and DL transmissions (especially necessary for FR2) and beam management mechanism is introduced to maintain Tx-Rx beam pairs. However, in NR Rel-15, a UE does not maintain the Tx-Rx beam pair between all gNBs. Then, how to determine Tx beams of UEs and Rx beams of LMUs is a big challenge without RRC-connection.

Proposal 5: To study UTDOA positioning method, the issues/challenges related to overhead, hearability, and beam management should be considered.

For UTDOA in LTE, SRS is chosen as the uplink reference signal for positioning. Comparing with LTE SRS, NR SRS supports more flexible configuration (including resource allocation, periodicity, etc.). Hence, the NR SRS can be used as a starting point for supporting UTDOA positioning. One of major benefits is that there is no impact on UE implementation, legacy UEs (i.e., Rel-15 UEs) can directly support UTDOA function without any change. If NR SRS cannot fulfil positioning requirements from specific commercial uses, further enhancement (e.g., introducing additional reference signals for positioning purpose) or new design can be considered.
Proposal 6: NR SRS should be starting point to study UTDOA in NR.
Proposal 7: Introduce UL relative time difference of arrival measurement to support UTDOA in NR.

In OTDOA a broadcast signal is typically used which uses all the available resources during so called low interference subframes. In contrast UTDOA can use resources only for the UEs that desire a positioning estimate so is therefore more flexible in that respect. It is also likely that the scalability of UTDOA may affect the ability to use it in dense networks. 
Observation 2: UTDOA could be studied as a positioning solution which could also be used in addition to other positioning solutions (e.g., OTDOA, AoA) for UEs with high accuracy and/or low latency requirements.
6	Conclusion
This contribution makes the following proposals and observations on E-CID (RTT, AoA), OTDOA and UTDOA positioning techniques for NR: 
Proposal 1: In support of Enhanced Cell ID positioning technique, introduce measurements for UE Rx-Tx time difference, gNB Tx-Rx time difference and Angle of Arrival including elevation angle for NR
Observation 1: Enhanced Cell ID (RTT, AoA) could be studied as a positioning solution which could also be used in addition to other positioning solutions (e.g., OTDOA, UTDOA) for UEs with high accuracy and/or low latency requirements.

Proposal 2: Inroduce PRS and corresponding RSTD measurement for NR. Reference case for the study of NR PRS design is the LTE PRS as specified in [7], section 6.10.4.
Proposal 3: For any study exceeding the reference case, PRS design, mapping of PRS on radio resources and PRS transmission shall at least consider the following basic paradigms:
· PRS transmission time, bandwidth, periodicity, density and power are configurable;
· Isolation between PRS from different transmission points can be achieved in time domain, frequency domain, code domain, or space domain, or a combination thereof;
· PRS cannot coincide with any signal transmission other than PRS from other transmission points;
· Design and configuration parameters can change over time.
Proposal 4: Beamforming of PRS should be possible, at least for FR2. Time-varying beam directions (beam sweeping) and/or multiple simultaneous beams should be considered as potential solutions to achieve full coverage. 

Proposal 5: To study UTDOA positioning method, the issues/challenges related to overhead, hearability, and beam management should be considered.
Proposal 6: NR SRS should be starting point to study UTDOA in NR.
Proposal 7: Introduce UL relative time difference of arrival measurement to support UTDOA in NR.
Observation 2: UTDOA could be studied as a positioning solution which could also be used in addition to other positioning solutions (e.g., OTDOA, AoA) for UEs with high accuracy and/or low latency requirements.
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Annex: LTE RAT-specific measurements for positioning purposes [2]
[bookmark: _Toc477438357]Reference signal time difference (RSTD)
	Definition
	The relative timing difference between the E-UTRAN neighbour cell j and the E-UTRAN reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from E-UTRAN cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from E-UTRAN cell i that is closest in time to the subframe received from E-UTRAN cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


[bookmark: _Toc477438360]
UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i.

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector. 

For a HD-FDD UE, if the UE does not receive any DL transmission in radio frame #i, it shall compensate for the difference in the received timing of radio frame #i and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

	Applicable for
	RRC_CONNECTED intra-frequency



[bookmark: _Toc477438381]Timing advance (TADV)
	Definition
	Type1:
Timing advance (TADV) type 1 is defined as the time difference 

		TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.

Type2:
Timing advance (TADV) type 2 is defined as the time difference 

		TADV = (eNB Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE.



[bookmark: _Toc477438382]eNB Rx – Tx time difference
	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX

Where:
T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.
The reference point for TeNB-RX shall be the Rx antenna connector.
T eNB-TX is the eNB transmit timing of downlink radio frame #i.
The reference point for TeNB-TX shall be the Tx antenna connector.



[bookmark: _Toc477438384]Angle of Arrival (AoA)
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.
The AoA is determined at the eNB antenna for an UL channel corresponding to this UE.



[bookmark: _Toc524695299]UL Relative Time of Arrival (TUL-RTOA)
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in LMU j, relative to the configurable reference time [13], [14]. The reference point [14] for the UL relative time of arrival shall be the RX antenna connector of the LMU node when LMU has a separate RX antenna or shares RX antenna with eNB and the eNB antenna connector when LMU is integrated in eNB. 




