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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]
The following agreements were made in RAN1#96b [2].
Agreement:
The potential physical layer procedures to support UE/gNB measurements for NR positioning may include:
1.	UE procedures for receiving DL PRS, including
a.	DL PRS timing aspects
b.	Bandwidth part operation
c.	Beam management aspects
d.	Measurement/reporting related aspects
2.	UE procedures for transmitting UL PRS, including
a.	Transmission timing and timing adjustments
b.	Power control
c.	Beam management aspects
3.	gNB procedures to support NR positioning measurements, including
a.	DL PRS configuration aspects
b.	UL PRS configuration aspects
c.   Beam management aspects
d.	Measurement/reporting related aspects
Agreement:
The DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE

Agreement:
For intra-frequency measurements:
· The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap.
· Select from one of the following options for the measurement bandwidth
· Option 1: The UE measurement is within the DL BWP configuration
· Option 2: The UE can measure outside the DL BWP configuration
· FFS: Scenarios when measurements gaps would need to be configured. 
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.


Agreement:
For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2:  The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.

Agreement:
For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighboring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).

Agreement:
For positioning purposes, with regard to UL Beam management/alignment towards serving and neighbouring cells, consider one or more of at least the following options:
· Option 1:  Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· FFS: Which Reference DL RS can be used (e.g., SSB/CSI-RS/DL-PRS).
· Option 2: Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources.
· Option 3: The Tx beam is fixed for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS: How the fixed beam is selected
In this contribution, we discuss necessity and details for physical-layer procedures to support UE/gNB measurements.
UE and gNB measurements
In our companion contribution [3], the following measurements are defined.
· UE measurement
· DL RSTD
· DL RSRP
· UE Rx-Tx time difference
· gNB measurement
· UL RTOA
· UL Angle of Arrival
· UL RSRP
· gNB Rx-Tx time difference
The reference signals to be measured are also discussed in companion contribution [4] and it is proposed that CSI-RS/TRS and newly defined DL PRS can be used for UE measurement and SRS and PRACH can be used for gNB measurement. For UL 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. 
Physical-layer procedures for NR positioning
1 
2 
2.1 
2.2 
BWP operation
3 
3.1 
DL BWP operation
It has been agreed that without a configured measurement gap, UE is only expected to measure the active BWP. One 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. Such BWP can either be from the existing BWPs or a new dedicated BWP.
Proposal 1: The following PRS configurations should be supported if a measurement gap is configured
· Alt1: PRS measurement is configured in a common BWP containing SSB;
· Alt2:  PRS measurement is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
UL BWP operation
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. Moreover, 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. Such BWP can either be from the existing BWPs or a new dedicated BWP.
Proposal 2: 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.
Power control
A major drawback for uplink based solutions is the poor hearability, especially in the UMa scenario where the distance between the UE and the gNB is large, because of the low transmission power of the UE. For UTDOA, another issue is the interference between UEs that could significantly limit the scalability.
Observation 1: Hearability significantly limits the applicability of UTDOA and due to interferences between UE the scalability of UTDOA is also limited.
UL PRS is expected to be received by multiple TRPs/gNBs but the current power control scheme is only based on the serving cell link quality. In order to improve the hearability of UL PRS, some enhancements for power control is needed. Power control can be categorized into open loop and closed loop depending on whether feedback is needed. For open loop power control, UE can measure received signal strength from multiple TRPs/gNBs and identify the weakest link. Then UE can transmit based on the weakest link as long as it is lower than the maximum allowed transmit power per carrier. However, open loop power control might keep a UE always transmitting with high power and thus causing strong interference to other UEs. Therefore, closed loop power control should also be considered. A UE can be allowed to receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power, etc. By doing this, a balance between hearability and interference can be well managed.
Proposal 3: 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;
· A fall-back mechanism where UE always transmits with maximum power should also be supported.
Timing advance
For UL PRS, TA is configured by the serving cell and UE is expected to receive only one TA value. However, in UL positioning, UL PRS is supposed to be heard not only by the serving cell but also by as many neighboring cells as possible. For the neighboring cells far away from the UE, using TA values configured by the serving cell may cause an arrival time gap between UL PRS and signals from other UEs associated with the neighboring cells due to different propagation delay as shown in Fig. 1. Here UE A is associated with serving gNB A and UE B is associated with neighboring gNB B. UE A and B have different timing advance values configured by gNB A and B, respectively. However, there is a gap between UL PRS from UE A arrival timing and normal data/control from UE B arrival timing at neighboring gNB B, denoted as T4.
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Fig. 1 TA difference
Considering the low transmission power of UE, UL PRS is not expected to be heard by neighboring cells located far away from the UE and the arrival timing gap T4 may be handled by CP. If T4 is larger than CP duration, there two different ways to adjust: 1) adjust the transmission timing of UE A; and 2) adjust the measurement window of gNB B. Compared with changing Tx timing, the spec impact of adjusting measurement window is less so that it is preferred to adjust the measurement window of gNB B to be aligned with UE A slot. If transmission timing adjustment is needed, a single TA should still be supported but its actual value can be based on multiple propagation delays including both the serving cell and neighboring cells. The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. However, the adjustment value can either be provided by the UE upon request or by the network to the UE. TA value can obtained via measurement of reference signals by both the serving cell and the neighboring cells. Adjusting TA may have impact on interference condition in both the serving cell and the neighboring cells, which is also closely relevant to the scheduling decisions. In such a case, only the network has the knowledge of such information and it is more reasonable for the network to adjust TA value rather than the UE.
Proposal 4:  The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
· Adjustment of measurement window;
· Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.
Measurement/reporting 
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 granularities 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 5: Following aspects should be supported for UE measurement and report
· Multiple UE report granularities;
· Signalling overhead reduction for DL PRS quality report;
· Configurable UE measurement window for low complexity and low power consumption.
Beam sweeping and alignment
4 
4.1 
4.2 
4.3 
DL beam sweeping/alignment
In DL positioning, beam sweeping is at least needed for FR2 to improve the hearabilty with beamforming. A multi-level DL PRS structure has been proposed in our companion contribution [4], where in one PRS block, the Tx beam of the gNB can either be fixed or changed from one slot to another slot depending on gNB implementation. The following options are listed to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
Option 2 should be supported assuming the same DL beamforming pattern for multiple DL PRS resources. Basically, UE needs to hear as many gNBs as possible in order to improve positioning accuracy and these gNB should be widely distributed around the UE to guarantee a good dilution of precision (DOP). In such a case, even with option 1 providing QCLed DL reference signal, UE Rx beam operation is essentially the same as Rx beam sweeping because UE needs to receive DL PRS in all directions, especially when the UE beam is wide. Therefore, option 1 provides little benefit but with increased signaling overhead to indicate QCL relationship.
Proposal 6: Only support UE Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
UL beam sweeping/alignment
The same beam sweeping mechanism defined in Rel-15 can be used for UL PRS beamforming as shown in Fig. 2. 
[image: ]
Fig. 2 UL PRS beam sweeping
Another approach is beam alignment based on beam correspondence. However, beam correspondence is not always available and thus positioning is not reliable if relying on beam correspondence. On the contrary, the benefit of beam sweep is it does not require beam correspondence or any other a priori information and is straightforward and easy to implement. In addition, in order to improve positioning accuracy, UL PRS should be heard by as many gNBs as possible and these gNB should be widely distributed around the UE to guarantee a good dilution of precision (DOP). In such a case, the beam alignment is essentially the same as beam sweeping because UE needs to transmit UL PRS in all directions, especially when the UE beam is wide. Actually, the UE might need to transmit redundant beams toward the same direction if two adjacent gNBs requires the same or very similar UE beams via beam alignment. 
Proposal 7:  Only support UE Tx beam sweeping on UL SRS transmissions across multiple UL SRS Resources.
Conclusions 
In this contribution, we discuss necessity and details for physical-layer procedures to support UE/gNB measurements. Our observations and proposals are summarized below.
Observation 1: Hearability significantly limits the applicability of UTDOA and due to interferences between UE the scalability of UTDOA is also limited.
Proposal 1: The following PRS configurations should be supported if a measurement gap is configured
· Alt1: PRS measurement is configured in a common BWP containing SSB;
· Alt2:  PRS measurement is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
Proposal 2: 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.
Proposal 3: 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.
· A fall-back mechanism where UE always transmits with maximum power should also be supported.
Proposal 4:  The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
· Adjustment of measurement window;
· Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.
Proposal 5: Following aspects should be supported for UE measurement and report
· Multiple UE report granularities;
· Signalling overhead reduction for DL PRS quality report;
· Configurable UE measurement window for low complexity and low power consumption.
Proposal 6: Only support UE Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
[bookmark: _GoBack]Proposal 7:  Only support UE Tx beam sweeping on UL SRS transmissions across multiple UL SRS Resources.
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