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In 3GPP RAN1 #1901[1], the following agreements were made for DL only based positioning:
	Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
Agreement:
Enhancements to performance obtainable based on existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios
Agreement:
NR DL PRS design for FR1 and FR2 supports:
1. Configurable NR DL PRS signal bandwidth
0. FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
1. Configurable NR DL PRS signal numerology (SCS)
1. FFS configurability of CP for NR DL PRS
1. Configurable NR DL PRS frequency and time allocation
1. Use of DL beam sweeping / alignment
3. i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
1. Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
4. FFS signaling details
1. Dedicated NR DL PRS resources - time-frequency grid at resource block level 
5. PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
0. e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
5. There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
5. FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
5. FFS interference randomization techniques across PRS signals
1. FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
6. FFS which physical channel/signals can share resources with NR DL PRS
6. FFS interference randomization techniques for PRS transmission with other signals

Agreement:
For NR DL PRS resource design:
1. One antenna port is supported.
7. FFS: configurable number of antenna ports (more than one) in addition to support of a single port

Agreement:
A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID 

Agreement:
1. NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
8. In any OFDM symbol, PRS resource occupies consecutive PRBs
8. FFS if multiple symbols can be non-consecutive
8. FFS on PRS Resource Set
1. FFS: whether support of PRS frequency hopping is needed

Agreement:
1. NR supports RSTD measurements for NR DL PRS
10. FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.
1. NR supports RSRP measurement for NR DL PRS
1. FFS if NR supports RSTD measurement quality metric for NR DL PRS
1. FFS other measurements

Additional aspects that have been proposed during the study:
· Receive signal waveform reporting
· UE-based positioning
· Multipath measurements
· SFN transmissions for positioning
· Techniques to lower UE complexity for OTDOA
· Broadcast of assistance data
· LMUs



In this contribution, we first discuss the issue caused by reusing the RSRP or SINR as measurement metric for beam management supporting NR positioning. Based on the discussion, we suggest to enhance the current beam management by simply introducing a new measurement metric. Secondly for NR PRS pattern design, we put forwards some opinions.
 DL-only Positioning Techniques
Potential beam management enhancement for positioning
Most of the positioning techniques depend on measurement of reference signals from one or multiple base stations. For example, OTDOA method, as a typical timing based technique, is performed by measuring DL-TDOA of reference signals from multiple base stations, while E-CID method can be performed by measuring the DL-AoD of reference signals from one based station.
In NR, the reference signals are transmitted directionally by using beamforming schemes. For a UE in RRC_CONNECTED mode, the beam information of reference signals transmitted from its serving cell can be obtained from beam management procedure. It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Observation 1: It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Based on current agreements in NR, beam management is designed for better channel quality. The supported metric for beam measurement and reporting is either RSRP or SINR. However, in multipath environment, the path with line of sight may be blocked, and the path with maximum RSRP or SINR will be another one. In the following, we give an example to show the disadvantage of using the existing RSRP or SINR metric.

 Figure 2-1. Example of beam measurement with blocked LOS path 
As shown in Figure 2-1, during beam training procedure, beam 1 points to LOS direction, and beam 2 points to a reflector. When there’s an obstacle between gNB and UE, the strongest beam may be beam 2 instead of beam 1.
For timing based positioning techniques, if beam 2 is used for transmitting positioning reference signal, the signal strength of LOS path will be restricted. Consequently, the measured time of arrival will be larger than the ideal value, and the positioning accuracy will be negatively affected. Additionally, if OTDOA method is used, according to TR 37.857 [2], the reference cell for all reported RSTD values, the reference cell measurement accuracy will have an impact on the RSTD measurement accuracy. If the serving cell is used as the reference cell, the inaccurate RSTD measurement will have a critical impact on the resulting positioning accuracy.
For angle based positioning techniques, if beam 2 is used for transmitting positioning reference signal, the signal strength of LOS path will be restricted. It’s obvious that the angle of departure and the angle of arrival will be different than the ideal values. In an extreme case, the angle of beam 2 may be larger than that of beam 1 by 180 degrees. 
What’s more, the received reference signal power based techniques are also affected by the selection of beam 2 instead of beam 1.
Observation 2: Based on the current supported beam measurement metric, the selected beam may not be feasible for positioning measurement.
In order to determine the best beam used for positioning measurement, a new beam measurement and reporting metric can be introduced to select the beam pointing to the LOS direction. Theoretically, the transmission delay of the best beam used for positioning should be smaller than the others. Therefore, the best beam should be the beam with minimum RToA. So we can consider RToA as a new beam measurement and reporting metric for NR positioning.
Using current supported beam management mechanism as starting point, the specification impact of introducing RToA as a new metric is rather small. For example, we can reuse the measurement resources configured for L1-RSRP report, no additional measurement resources are actually transmitted. Thus, RToA measurement will not bring additional downlink resource consumption. For the reporting content of the best beam used for positioning, comparing with current reporting content, only the beam/resource index is needed. Thus, the payload of the beam report will be  bits, where N is the number of configured resources in the resource set. Further reducing the feedback overhead can be achieved by configuring large reporting periodicity.
Regarding the measurement of RToA, since the actual RToA value is not important, UE is only required to measure the relative RToA values and choose the beam with the smallest value. Therefore, timing synchronization between base station and the target UE is not required. Thus, the measurement of RToA will not bring additional implementation issues.
Proposal 1: For NR positioning measurement, introduce RToA as a new measurement metric for beam management.
Consideration on NR PRS design
At the last meeting, many aspects of downlink positioning technology were discussed, especially the downlink positioning reference signal configuration, such as time and frequency domain allocation, antenna port configuration. In this section, we continue to focus on the downlink positioning reference signal configuration. 
LTE PRS is well designed to support OTDOA based positioning solution early in LTE Rel-9. During the discussion on LTE-PRS pattern design, various parameters were well analyzed and optimized, including time and frequency pattern, reuse factor, to guarantee that the specified PRS design can achieve accurate RSTD measurement as well as good hearability. 
For NR PRS pattern design, the main design principle for LTE PRS should be reused to guarantee the positioning performance. For example, the REs for NR-PRS should occupy different REs in different OFDM symbols and the REs in each OFDM symbol should be uniformly distributed over RBs for good correlation property. Based on the agreement of the last meeting, NR DL PRS resource can occupy N (1 or more) consecutive OFDM symbols. Therefore, the NR PRS pattern can be illustrated as in Figure 2-2, where the first PRS symbol has a comb-N structure, and the next PRS symbol has a staggered pattern relative to the previous PRS symbol.


 
(a)                                                               (b)
Figure 2-2. NR PRS pattern with staggered comb-4(a) and comb-6(b) structure
Proposal 2:  NR Positioning RS pattern within a slot should be a staggered comb-N structure. 

Conclusion
In this contribution, we first discussed the potential beam management enhancement for NR positioning, then we gave some views on NR PRS design. Based on the discussion, we have the following observations and proposals:
Observation 1: It’s possible and helpful to configure positioning reference signals with beam information to improve positioning accuracy.
Observation 2: Based on the current supported beam measurement metric, the selected beam may not be feasible for positioning measurement.
Proposal 1: For NR positioning measurement, introduce RToA as a new measurement metric for beam management.
Proposal 2:  NR Positioning RS pattern within a slot should be staggered comb N structure.
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