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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following objectives are identified from RAN1 perspective [1].
RAN1 centric objectives
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]
NR positioning technologies can be categorized into RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.), RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.) and hybrid solutions where RAT-independent positioning techniques can be used to facilitate and/or improve the performance of RAT-dependent positioning techniques. In this contribution, we discuss the DL and UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes.
DL PRS design
General design principles
OTDOA is a typical downlink based positioning solution and similar to GNSS in principle, where observed time difference of arrival between a reference cell, e.g., serving cell, and neighboring cells is derived and such time difference of arrival is used to locate the UE. In this section, we provide our views on the general design principles for NR DL PRS.
The reference signals used to measure the arrival time difference in LTE is a cell-specific reference signal, i.e., PRS. In NR, there are some existing reference signals such as SS and CSI-RS/TRS. It has been agreed to study when and how to use these existing reference signals for NR positioning in the study item stage and our analysis is as follows. For SS, one of the major concerns is hearability. SS is transmitted from multiple cells using the same time-frequency resources and thus each SS suffers from interferences of neighbor cells so that the hearability might not be enough to support positioning. In [2], we have shown the CDF of long-term SINR for UMi and UMa scenarios and it seems -45dB is required to guarantee that 95% of the UEs can hear the fifth strongest gNB, which is quite challenging. On the contrary, NR CSI-RS/TRS can be flexibly configured with different pattern/density by multiple cells so that interference from other cells can be mitigated. In [2], the following observations are made
· For UMa FR1, the E911 requirement can be achieved by OTDOA using TRS;
· For UMi and InH FR2, the positioning accuracy requirement for commercial use cases can be achieved by OTDOA using TRS.
In [3], it is also shown that the positioning performance using TRS is similar to PRS if the same signaling overhead is assumed. In this regard, CSI-RS/TRS is at least suitable for positioning in some scenarios. Considering the benefit of much less specification effort, it is natural to support CSI-RS/TRS for positioning as a baseline. 
Proposal 1:  Using existing CSI-RS/TRS for NR positioning should be supported as a baseline and the new PRS can be configured when necessary.
It has been also agreed that new PRS should be defined to meet the vastly diverse requirement of NR positioning. In LTE, only one PRS pattern is defined. However, in NR, multiple PRS patterns/densities might need to be supported depending on multiple factors. The main reason is that the positioning accuracy depends on at least available bandwidth for positioning. In NR positioning, a wide range of accuracy requirements from relatively loose one in E911 to much more stringent accuracy requirements for certain commercial positioning applications are identified. The pattern/density of positioning reference signals need to be studied by taking such diversity of requirements into account. In FR1, the available bandwidth for positioning might not always be large especially considering the IoT devices with limited operating bandwidth. In such a case, in order to achieve the target positioning accuracy, the density of PRS can be configurable. Positioning accuracy may also depend on numerology since RSTD measurement granularity depends on subcarrier spacing. Moreover, highly densified deployment is supported in NR, which may potentially improve positioning accuracy since the UE can hear PRS from more cells. However, in order to improve hearability, orthogonality between PRS from different cells is needed and thus the frequency density of PRS needs to be reduced to guarantee the orthogonal PRS transmission in such scenario. 
Proposal 2:  Multiple density/pattern should be supported for new NR PRS and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.
Another aspect of OTDOA reference signal configuration is whether it is UE specific or cell specific. In NR, always-on cell-specific reference signal is removed to reduce power consumption and signaling overhead. For positioning, it is desired that a reference signal can be heard by multiple UEs at the same time. However, it does not mean the configuration of PRS has to be cell specific because the sharing can be achieved by configuring the same PRS to individual UEs in a UE specific way. In addition, positioning is not always needed by all the UEs. If PRS is always configured in cell-specific way, it is a waste of resources when no UE or very few UEs need positioning service. On the contrary, UE specific configuration is more flexible and efficient in terms of resource usage. For example, a dedicated bandwidth can be configured to the UEs requiring positioning service in on-demand basis. 
Proposal 3: UE specific configuration should be supported in NR PRS design.
NR DL PRS design
DL PRS pattern
Existing CSI-RS/TRS can meet the positioning accuracy requirements at least in some scenarios without any pattern adaptations. The new DL PRS pattern design should target at improvement in terms of positioning accuracy, flexibility, etc. in a variety of scenarios. In order to achieve such target, multiple density/pattern should be supported as shown in the below figures.  
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Fig. 1 Comb-6 PRS
The pattern in Fig. 1 is based on LTE PRS pattern with two major difference: 1) the duration of PRS is 6 symbols but not 11 symbols; and 2) PRS is deployed in every subcarrier. In [2], we have shown that if PRS is not occupying every subcarrier, there will be some side correlation peaks and the positioning performance might be degraded. In LTE PRS pattern, the main reason for skipping some subcarriers is to avoid collision with CRS. However, in NR the always-on CRS is removed to improve resource usage and power consumption efficiency and thus there is no need to skip certain subcarriers. The reason for shorter duration is because the bandwidth of NR is much larger than LTE and even with less symbols the positioning accuracy requirement can still be met and the rest of the resources can be used for other purposes. 
Considering the bandwidth of some IoT devices is limited, the density of PRS should be increased to meet the accuracy requirement. In this regard, the pattern in Fig. 2 should also be supported.
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Fig. 2 Comb-3 PRS
Highly densified cell deployment is supported in NR and in such a case, a UE is expected to hear more cells to achieve higher positioning accuracy. In addition, positioning for high speed UEs needs to be considered and actual location of the UE might change from one slot to another slot. Therefore, it is expected that a UE should measure PRS from more cells simultaneously. Considering the case with wide bandwidth, a sparser pattern should also be supported as shown in Fig. 3. Here the duration of PRS is extended to 12 symbols to guarantee that PRS is deployed in every subcarrier. 
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Fig. 3 Comb-12 PRS
Proposal 4: Comb-3, Comb-6 and Comb-12 should be supported for new NR PRS and PRS should be deployed in every subcarrier.
DL PRS bandwidth and granularity
In NR, up to 4 BWPs can be configured to a UE but only one BWP can be activated at one time for a UE. The BWP configuration is UE specific and for PRS configuration the simplest solution is to configure it within the active BWP. However, since different UEs’ BWPs might be separated from each other and the following cases need to be considered.
· Case 1: fully overlapped BWPs;
· Case 2: non overlapping BWPs;
· Case 3: partial overlapped BWPs.
For case 1, the same PRS pattern/density can be configured for all the UEs with overlapped BWPs. For case 2, PRS pattern/density can be configured independently for each BWP. For case 3, joint PRS configuration should be considered.
Observation 1: The following three cases should be considered if PRS is configured within the active BWP
· Case 1: fully overlapped BWPs with a common PRS configuration;
· Case 2: non overlapping BWPs with independent PRS configuration;
· Case 3: partial overlapped BWPs with joint PRS configuration.
With PRS configured within the active BWP, more flexible and efficient PRS configuration can be achieved especially for the case where only a few UEs require positioning service. However, when a large number of UEs require positioning service at the same time, it would be more efficient to share the PRS among all the UEs. Therefore, another option is to have a common dedicated BWP shared by as many UEs as possible and it is important to guarantee that this common BWP can be configured to every UE. Since each UE needs to listen to SSB for synchronization and acquisition of system information, the BWP containing SSB can be considered for PRS configuration. The time difference measurement accuracy may depend on many factors such as available bandwidth, subcarrier spacing and carrier frequency. The BWPs configured to a single UE may have different numerology, bandwidth, etc. With larger subcarrier spacing and shorter symbol duration, the timing measurement step gets smaller and it will generally lead to improved positioning accuracy. It might be necessary to configure a wider bandwidth or subcarrier spacing to meet the positioning accuracy target. In this regard, a BWP different from current active BWP, e.g., the BWP with the largest bandwidth or subcarrier spacing, can be configured to the UE for arrival timing measurement to achieve more accurate positioning.
Proposal 5: The following PRS configurations should be supported
· Alt1: PRS is configured in the active BWP;
· Alt2: PRS is configured in a common BWP containing SSB;
· Alt3:  PRS is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
In LTE, RB based granularity is considered for PRS. In NR, configurable bandwidth for PRS has been agreed and considering the much wider bandwidth, RB based granularity seems not necessary and a coarser granularity can be considered to reduce the configuration signaling overhead, e.g., RBG size can be considered for granularity especially for comb-12 PRS pattern. 
Proposal 6: RBG based granularity should be supported for new NR PRS.
DL PRS timing
PRS periodicity TPRS configuration should be highly flexible so that different requirements for a variety of use cases can be met without causing too much signaling overhead. For example, the minimum periodicity value should be smaller than required time to first fix (TTFF) and there might be other requirements imposed by different use cases. Periodicity is also relevant to UE power consumption. For IoT devices requiring lower power consumption, longer periodicity is needed to avoid frequent positioning operations draining the battery of the IoT devices. Considering the vastly different requirements and the fact that NR supports multiple numerology and thus multiple slot durations, the periodicity can be defined as a two-step approach. Firstly, a periodicity table can be defined based on a basic time unit, e.g., slot as in Table 1 below with a scaling factor K configured based on requirements, numerology, etc.
	
PRS periodicity  
(slots)

	  K

	2K

	4K

	8K

	16K

	32K

	64K

	128K

	256K

	512K

	1024K

	2048K

	5096K

	Reserved

	Reserved

	Reserved


Table-1 PRS periodicity
Proposal 7: PRS periodicity can be defined based on the below table with a scaling factor K configured according to latency requirement, power consumption, numerology, etc.
	
PRS periodicity  
(slots)

	  K

	2K

	4K

	8K

	16K

	32K

	64K

	128K

	256K

	512K

	1024K

	2048K

	5096K

	Reserved

	Reserved

	Reserved


DL PRS beamforming
Another issue for PRS is that beamforming is needed at least in FR2 and in such a case, in order to improve the UE hearabilty, PRS beam sweeping should be supported to cover all possible directions as shown in Fig. 4.
PRS beam

Fig. 4 PRS beam sweeping
In order to support beam sweeping and potential beam selection at the UE side, we can define a multi-level PRS block set which consists of n consecutive slots. Within each PRS block set, multiple PRS block sub-set can be defined and each PRS block sub-set consists of multiple PRS blocks which could have either the same or different beam patterns. The multi-level structure is shown in Fig. 5.
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Fig. 5 Multi-level PRS structure
Proposal 8: Tx PRS beam sweeping should be supported with following multi-level PRS block structure to improve hearability and enable Rx beam selection
· PRS block set;
· PRS block sub-set;
· PRS block.
Other design aspects
DL PRS resource set
PRS resource has been 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. PRS resource set should also be defined as a set containing multiple PRS resources. One resource set can be within one slot or cross multiple slots. The number of PRS resources within one resource set can scale with carrier frequency, numerology, bandwidth, etc. NR DL PRS resource can span multiple PRBs within N consecutive symbol(s). If N = 1, the PRS can be configured as consecutive or non-consecutive symbols and higher level of flexibility can be achieved. Otherwise, non-consecutive symbols should be supported for one PRS resource so that PRS can be multiplexed in time domain. Since one antenna port has been agreed for PRS signal, it should be assumed that only one antenna port can be assumed for each PRS resource set.
Proposal 9: PRS resource set can be defined as a set containing multiple PRS resources and one resource set can be within one slot or cross multiple slots. Each PRS resource contains N=1 symbol and one antenna port should be assumed within each PRS resource set.
DL PRS antenna port
It has been agreed that one antenna DL PRS port should be supported. Increasing antenna port will introduce more signaling overhead and the timing relationship between multiple antenna ports might differ depending on different precoding and implementation assumptions. In this regard, the benefits of multiple antenna ports are not clear.
Proposal 10: Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported. 
DL PRS power boosting
Multiple comb patterns should be supported for new NR DL PRS as discussed in the previous sections. The power of the resource elements not occupied by PRS can be used to boosting the power of PRS. For comb-k pattern, the power of PRS can be boosted by k times and the boosted power can improve the hearability of the UE. However, the power boosting might need to be subject to some limit imposed by hardware, i.e., a cap needs to be imposed to the power boosting. The power of PRS can be chosen as min{Pboost, Pcap}, where Pboost is the normal boosting power and Pcap is the power cap. 
Proposal 11: DL PRS power boosting based on comb pattern should be supported and if a power cap is imposed, the power of PRS can be min{Pboost, Pcap}, where Pboost is the normal boosting power and Pcap is the power cap.
Extended CP
It has been agreed that configurable NR DL PRS signal numerology (SCS) should be supported. In NR, extended CP is only defined for 60 kHz. However, UE might need to measure PRS from neighbor cells and these neighbor cells could be quite far away from the UE at least in the UMa scenario. In this regard, longer CP might be needed at least for UMa in FR1 with 15 and 30 kHz.
Proposal 12: Extended CP can be considered for 15 and 30 kHz for DL PRS signal.
Interference mitigation
Even with careful site planning and muting mechanism, it seems unavoidable that in some worst cases, PRS signals might be transmitted on the same time/frequency resources from different gNBs and these PRSs might interfere with each other. However, these PRS sequence can be orthogonal in the code domain and thus the PRS signals can be differentiated from each other. In addition, the serving gNBs and neighbor gNBs can adjust their transmission power of the PRS signals collaboratively to reduce the interference and such power adjustment is an implementation issue. It has been agreed that there is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources to improve hearability so there is no need to support time/frequency sharing between NR DL PRS resources and other transmissions including data/control.
Proposal 13: There is no need to introduce additional interference randomization across PRS signals and sharing between NR DL PRS resources and other transmissions including data/control should not be supported.
PRS multiplexing with other signals
In LTE, PRS is not deployed in the first three symbols occupied by PDCCH. However, in NR PDCCH may not occupy the entire bandwidth as shown in Fig. 6. In such a case, the PRS can be deployed from the first symbol to improve efficiency and if overlapping happens, PRS can be punctured. 
[image: ]
Fig. 6 Multiplexing of PRS and CORESET
Proposal 14: New NR PRS being deployed from the first symbol of a slot should be supported and if overlapping between CORESET and PRS happens, PRS can be punctured.
In NR, multiple slot formats are defined to provide enhanced flexibility. DL PRS should be only configured to resources allocated for downlink (DL) transmission, i.e., PRS cannot be configured for slot format 1 and 8-15. In such a case, PRS can be configured to the slot formats with explicit UL transmission except pure UL formats slot, i.e., format 1 and 8-15. DL PRS are only configured to DL symbols and/or unknown symbols which can be used for DL as shown in Fig. 7.
[image: ]
Fig. 7 PRS configuration for slot format 28
In both cases, the slot format configuration information should be conveyed and known to the positioning protocols, e.g., LPP.
Proposal 15: DL PRS can be configured to the slot formats with explicit UL transmission except pure UL formats slot, i.e., format 1 and 8-15 but DL PRS can only be configured to DL symbols and/or unknown symbols.
UE measurement and report
The measurement metrics have been defined in study item stage and should be specified in this work item. However, the details of how UE should report its measurement results in a more efficient way has not been discussed.
UE report granularity
When UE reports back its measurement results, e.g., RSTD, the values should be quantized and the quantization granularity determines the quantization error as well as the positioning accuracy. Basically, the higher the quantization granularity the more accurate the positioning is. However, very high quantization granularity will also create large signaling overhead and may increase the positioning latency. In this regards, the quantization granularity should be determined by the required positioning accuracy. In this regard, multiple quantization granularity should be supported. For high accuracy requirement, finer quantization granularity can be configured and for low accuracy requirement, coarse granularity can be configured to reduce signaling overhead. 
DL PRS quality
It has been agreed that NR should support RSRP measurement for NR DL PRS and such measurement can be used to determine DL PRS quality. The quality reflects how accurate the positioning measurement is expected. However, since UE needs to measure multiple gNBs and reporting all RSRP measurements may incur high signaling overhead. In such a case, UE can report only a subset of RSRP measurements based on gNB configuration to reduce reporting signaling overhead. For example, UE can report only the best N RSRP measurements. It should be noted that the RSRP measurement can be reported in a timing granularity different from RSTD measurement since the signal strength may change even without UE movement.
UE measurement window for low power consumption
PRS with wider bandwidth and short periodicity can be configured and shared by a group of UEs to guarantee that the most stringent positioning requirement can be met. However, in order to save UE power consumption, especially for IoT devices with stringent power consumption requirements, different measurement window in time and frequency domain can be configured to different UEs.
Proposal 16: Following aspects should be studied for UE measurement and report
· UE report granularity;
· Signalling overhead reduction for DL PRS quality report;
· UE measurement window for low power consumption.
NR UL PRS design
General design principles
In this section, we provide our views on the general design principles for UL only based positioning. UTDOA is a typical uplink based solutions. As a network based positioning technique, the basic concept of UTDOA is to measure the arrival time difference of the reference signals transmitted from a UE at a reference node, e.g., serving node, and other neighboring nodes. With this measurement, UE position can be obtained by multilateration. In LTE, the measured reference signal is SRS and the unit to measure the arrival time difference can be Location Measurement Units (LMUs), which are attached to each eNodeB. The configuration of SRS is very flexible in NR with following features.
· The number of SRS symbol can be configured spanning 1, 2 or 4 consecutive OFDM symbols;
· Both intra-slot and inter-slot frequency hopping within a BWP is supported and SRS can switch between BWPs and CCs;
· SRS configuration is UE specific;
· Periodic, semi-persistent, and aperiodic SRS transmission are supported;
· Multiple SRS resource set and SRS resources are supported.
Given the flexibility provided by SRS configuration in NR, it has been agreed that SRS should be used as a starting point. In addition to SRS, other reference signals such as PRACH can also be considered for arrival time measurement and the benefit of using PRACH is that the positioning can happen at the very beginning stage of the communication, which might be needed for some use cases requiring very short latency. It is also beneficial to choose the same reference signal and perform joint measurement for both timing advance and AoA measurement when necessary to reduce complexity, latency and storage size.
Proposal 17: Both SRS and PRACH should be supported for UL positioning and following principles should be considered for further enhancements
· NR reference signal design and configuration already provide high level of flexibility so that further enhancements to support positioning functionality should be minimized. 
· Same reference signal should be chosen for joint measurement of both timing advance and angle when possible to reduce complexity, latency and storage size.
For angle based positioning techniques, beam information can be used to estimation both AoA and AoD at the network side using the existing beam management framework defined in NR. The beam measurement and reporting mechanism can also be reused for positioning. However, one issue in beam management is that the beam direction cannot be linked to geographic direction in a straightforward manner. For example, the first beam is not necessarily to be the beam pointing to a certain direction, e.g., north direction. In this regard, a benchmark beam pointing to a reference geographic direction needs to be defined.
Proposal 18: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning except a reference beam pointing to a pre-defined geographic direction needs to be defined.
Potential Enhancements for UL positioning
1 
2 
2.1 
2.2 
BWP configuration
A UE can be configured with up to 4 BWPs but only one BWP can be activated at one time. Even though UE might be capable of operating outside the BWP, it is not required to do so. As aforementioned, one of the main benefits for positioning using SRS is that SRS is an existing and well defined reference signal in NR thus the specification effort is minimal. SRS can be used for positioning without disturbing the data/control information transmission by the UE. In this regard, the simplest solution is to configure the SRS in the active BWP for arrival time difference measurement. Another benefit of such solution is that different UEs may have different BWPs with different frequency location so that the interference from other UEs can be mitigated or randomized. However, similar to OTDOA, the time difference measurement accuracy may depend on many factors such as available bandwidth, subcarrier spacing and carrier frequency. The BWPs configured to a single UE may have different numerology, bandwidth, etc. With larger subcarrier spacing and shorter symbol duration, the timing measurement step gets smaller and it will generally lead to improved positioning accuracy. It might be necessary to configure a wider bandwidth or subcarrier spacing to meet the positioning accuracy target. In this regard, a BWP different from current active BWP, e.g., the BWP with the largest bandwidth or subcarrier spacing, can be configured to the UE for arrival timing measurement to achieve more accurate positioning. 
Proposal 19: For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
· Alt1: SRS is configured within the active UL BWP;
· Alt2: SRS is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
Other enhancements
Physical layer procedures may need to be further enhanced to guarantee the measurement of UL PRS. In our companion contribution [4], we have discussed power control, timing advance and beam sweeping and alignment with the following proposals. The details can be found in [4].  
Proposal 20: In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
· For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
· For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power.
Proposal 21:  The propagation delay difference between the serving cell and the neighbor cells can be handled by the CP and thus there is no need to change TA configuration.
Proposal 22:  UL beam sweeping should be supported and the same mechanism for DL beam sweeping can be employed. Beam alignment is not supported.
DL&UL positioning
General design principles
In this section, we provide our views on the general design principles for DL&UL based positioning.
Cell ID (CID) positioning is one of the network based positioning technologies where the estimation of the UE position is based on ID of the serving cell. The latency of CID can be very low and it requires minimal specification support. However, the positioning accuracy depends on the geographic area covered by the serving cell, e.g., a UE position can be estimated as the serving cell location, and it could be very low. With highly densified cell deployment, its positioning accuracy can be improved but still remains in the same level of cell size. CID can be enhanced by considering Round Trip Time (RTT) and/or received signal strength to provide distance information and Angle of Arrival (AoA) of the signals from the UE to provide directional information and such technology is E-CID, which is a UE assisted but network based positioning techniques. It has been agreed that E-CID downlink measurements should be based on at least RRM measurements defined in NR Rel. 15.
It has also been agreed that multi-cell RTT will be supported in NR where the RTT measurement is not only for the serving cell but also for the neighboring cells. RTT can be obtained from analyzing timing advance measurement. A timing advance mechanism has already been defined in NR. For neighboring cells, RTT can be obtained from gNB RX-TX time difference measurements and UE RX-TX time difference measurements. For such measurements, the existing reference signals in NR Rel. 15 can be considered, e.g., CSI-RS/TRS, SRS and PRACH. With very flexible configuration of the existing reference signals, it is expected that NR positioning requirements can be met with minimal spec change.  In addition, new DL PRS will be defined and is also expected to be used for DL measurements for both E-CID and multi-cell RTT. It has been agreed that the reference signals agreed for DL-only and UL-only positioning techniques can be reused for DL+UL RTT positioning with multiple TPs/gNBs.  
Angle measurement is performed at the network side based on UE transmission in UL with the knowledge of gNB antenna configuration. The accuracy of angle measurement depends on environment as well as factors such as number of antenna elements, antenna spacing and carrier frequency. In a rich scattering environment, the angle measurement accuracy could be low but in a sparse channel environment, the accuracy might be quite high. It is beneficial to choose the same reference signal and perform joint measurement for both timing and angle measurement to reduce complexity and latency and storage size. 
Proposal 23: For DL&UL positioning technologies, only the following reference signals should be supported for DL and UL measurements, respectively
· UL: SRS and PRACH;
· DL: CSI-RS/TRS and new PRS.
For angle based positioning techniques, beam information can be used to estimation both AoA and AoD at the network side using the existing beam management framework defined in NR. The beam measurement and reporting mechanism can also be reused for positioning. However, one issue in beam management is that the beam direction cannot be linked to geographic direction in a straightforward manner. For example, the first beam is not necessarily to be the beam pointing to a certain direction, e.g., north direction. In this regard, a benchmark beam pointing to a reference geographic direction needs to be defined. From gNB perspective, there are two ways to acquire AoD information: 1) it can be known since the beam pattern and direction are determined by the precoding matrix known to the gNB so that gNB can derive AoD from such information; 2) it can also be obtained from UE beam measurement and feedback.
Proposal 24: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning with following enhancements
· A reference beam pointing to a pre-defined geographic direction needs to be defined;
· gNB derivation of AoD should be supported.
Information exchange between gNBs
For gNB measurement, UL PRS, e.g., SRS, is configured by the serving gNB but should be measured not only by the serving gNB but also the neighboring gNBs. The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Proposal 25: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS..
Conclusions 
In this contribution, we discussed the DL and UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes. Our observations and proposals are summarized below.
DL
Observation 1: The following three cases should be considered if PRS is configured within the active BWP
· Case 1: fully overlapped BWPs with a common PRS configuration;
· Case 2: non overlapping BWPs with independent PRS configuration;
· Case 3: partial overlapped BWPs with joint PRS configuration.
Proposal 1:  Using existing CSI-RS/TRS for NR positioning should be supported as a baseline and the new PRS can be configured when necessary.
Proposal 2:  Multiple density/pattern should be supported for new NR PRS and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc.
Proposal 3: UE specific configuration should be supported in NR PRS design.
Proposal 4: Comb-3, Comb-6 and Comb-12 should be supported for new NR PRS and PRS should be deployed in every subcarrier.
Proposal 5: The following PRS configurations should be supported
· Alt1: PRS is configured in the active BWP;
· Alt2: PRS is configured in a common BWP containing SSB. 
Proposal 6: RBG based granularity should be supported for new NR PRS.
Proposal 7: PRS periodicity can be defined based on the below table with a scaling factor K configured according to latency requirement, power consumption, numerology, etc.
	
PRS periodicity  
(slots)

	  K

	2K

	4K

	8K

	16K

	32K

	64K

	128K

	256K

	512K

	1024K

	2048K

	5096K

	Reserved

	Reserved

	Reserved


Proposal 8: Tx PRS beam sweeping should be supported with following multi-level PRS block structure to improve hearability and enable Rx beam selection
· PRS block set;
· PRS block sub-set;
· PRS block.
Proposal 9: PRS resource set can be defined as a set containing multiple PRS resources and one resource set can be within one slot or cross multiple slots. Each PRS resource contains N=1 symbol and one antenna port should be assumed within each PRS resource set.
Proposal 10: Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported. 
Proposal 11: DL PRS power boosting based on comb pattern should be supported and if a power cap is imposed, the power of PRS can be min{Pboost, Pcap}, where Pboost is the normal boosting power and Pcap is the power cap.
Proposal 12: Extended CP can be considered for 15 and 30 kHz for DL PRS signal.
Proposal 13: There is no need to introduce additional interference randomization across PRS signals and sharing between NR DL PRS resources and other transmissions including data/control should not be supported.
Proposal 14: New NR PRS being deployed from the first symbol of a slot should be supported and if overlapping between CORESET and PRS happens, PRS can be punctured.
Proposal 15: DL PRS can be configured to the slot formats with explicit UL transmission except pure UL formats slot, i.e., format 1 and 8-15 but DL PRS can only be configured to DL symbols and/or unknown symbols.
Proposal 16: Following aspects should be studied for UE measurement and report
· UE report granularity;
· Signalling overhead reduction for DL PRS quality report;
· UE measurement window for low power consumption.
UL
Proposal 17: Both SRS and PRACH should be supported for UL positioning and following principles should be considered for further enhancements
Proposal 18: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning except a reference beam pointing to a pre-defined geographic direction needs to be defined.
Proposal 19: For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
· Alt1: SRS is configured within the active UL BWP;
· Alt2: SRS is configured in a dedicated BWP with the largest bandwidth.
Proposal 20: In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
· For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
· For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power.
Proposal 21:  The propagation delay difference between the serving cell and the neighbor cells can be handled by the CP and thus there is no need to change TA configuration.
Proposal 22:  UL beam sweeping should be supported and the same mechanism for DL beam sweeping can be employed. Beam alignment is not supported.
DL&UL
Proposal 23: For DL&UL positioning technologies, only the following reference signals should be supported for DL and UL measurements, respectively
· UL: SRS and PRACH;
· DL: CSI-RS/TRS and new PRS.
Proposal 24: For AoA/AoD based positioning exploring beam information, the existing NR beam measurement, reporting and management mechanism is sufficiently flexibly to support positioning with following enhancements
· A reference beam pointing to a pre-defined geographic direction needs to be defined;
· gNB derivation of AoD should be supported.
Proposal 25: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
References:
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