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1. Introduction

The WI of NR positioning [1] has started after RAN#83, and this is the first meeting to discuss the WI in RAN4 RRM session. There are two objectives which are relevant for RAN4 RRM.
	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


For these two objectives, in the last two meetings, RAN1 has agreed to define positioning reference signal (PRS) for NR, which is to be used for many DL positioning measurements, e.g. DL RSTD, PRS-RSRP and UE Rx – Tx time difference. Therefore, PRS measurement is an important procedure for which RAN4 should define RRM requirements.
In this paper, based on existing RAN1 agreements on PRS design and related measurement procedures, we will provide our views on RRM requirements for PRS measurements.
2. Discussion
In RAN1#97, following agreements are reached regarding PRS design.

	· DL PRS Resource is described by at least the following parameters

· DL PRS Resource ID (previously agreed)

· Sequence ID (previously agreed)

· Comb Size-N

· RE Offset in frequency domain

· FFS whether this offset is a single value or multiple values

· Starting slot and symbol of DL PRS Resource

· FFS whether it can be represented by time offset with respect to some reference

· Number of symbols per DL PRS Resource (Duration of DL PRS Resource)

· Quasi-colocation information (QCL with other DL reference signals)

· FFS QCL type and source reference signals

· FFS: Number of Tx Ports

· FFS: Power offset b/w DL PRS and SSB

· FFS: Transmission bandwidth and starting PRB with respect to Point A

· FFS: Numerology
With respect to periodicity and DL PRS transmission occasion, the following agreements were made by RAN1 WG:

· RAN1 to select one of the following alternatives for periodic DL PRS Resource Allocation at RAN1#98:

· Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level

· Common period is used for DL PRS resources within a DL PRS Resource Set

· Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level

· Different periods can be used for DL PRS resources within a DL PRS Resource Set

· DL PRS occasion is one instance of periodically repeated time windows (consecutive slot(s)) where DL PRS is expected to be transmitted
· FFS: If this definition is introduced for muting or DL PRS resource allocation or both


2.1. Measurement capability
In RRM requirements, measurement capability is defined in terms of number of frequency layer and number of measurement resources. In LTE, UE is required to support RSTD measurement on PRS for 

· Up to 5 intra-frequency layers and one inter-frequency layer, and 

· Up to 16 cells distributed over all frequency layers, and 
2.1.1. Frequency layer

In LTE, PRS is transmitted within the BW of reference cell or neighbor cells. In the assistance data, the earfcn of the reference or neighbor cells are provided, so that UE knows on which frequency layer it should perform PRS measurement. For NR, the transmission bandwidth and starting PRB with respect to Point A for PRS are still FFS in RAN1. It is possible that both of the BW and the start PRB w.r.t. Point A are configurable parameters, and this will make the PRS frequency location as flexible as CSI-RS for mobility.
On the other hand, the concept of frequency layer for PRS measurement is needed. If each cell transmits PRS in arbitrary frequency location, it is difficult for UE to set the RF (center frequency and bandwidth) when performing the measurement. In the worst case where PRS from each cell does not overlap with each other in frequency, UE may need to support the same number of frequency layers as the number of cells in the assistance data, which makes the measurement infeasible to implement. 
To define a frequency layer for PRS measurement, the concept of frequency layer for CSI-RS mobility measurement can be re-used, which is provided by RAN1 in [2]. Basically, to be on the same frequency layer, i.e. the cells from which PRS are transmitted should have the same Point A, and the start PRB and BW of each cell should be giving the same center frequency. 
Proposal 1: A concept of frequency layer for PRS measurement is defined by using the same definition for CSI-RS mobility measurement. 
2.1.2. Intra- and inter-frequency

In LTE, a PRS measurement is considered as intra-frequency if RSTD measurements are performed over cells on the serving carrier frequency, otherwise it is an inter-frequency measurement. For NR the serving cell carrier frequency is related to the active BWP, so the definition of intra- and inter-frequency PRS measurement need to be further discussed. One possibility is to use the same definition as for CSI-RS mobility measurement, which is, however, still subject to RAN4’s further discussion. The need for measurement gap can be discussed based on the conclusion on definition of intra- and inter-frequency.
Proposal 2: RAN4 to further discuss the definition of intra- and inter-frequency PRS measurement.
2.1.3. Number of resources

In LTE, UE is required to measure RSTD for up to 16 cells distributed over all frequency layers. In NR, one addition dimension for number of resources is the Tx beam. In RAN1 the concept of PRS resource set is introduced.

	· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID

· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP

· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)

· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 


For each cell/TRP there could be multiple resources (in the associated resource set). The number of PRS Tx beams (resources) may be on the similar order as the maximum number of SSB beams of 4, 8, and 64 in different frequency ranges. In addition, it is under discussion in RAN1 whether a cell/TPR can associate multiple PRS resource sets, like in Rel-14 eMTC. This, if supported, will further increase the number of resources. On the other hand, it is very demanding for UE to support large number of resources with reasonable performance, considering that in NR the PRS BW may be much larger than in LTE to give better positioning accuracy. Therefore, RAN4 should discuss further how to define UE measurement capability in terms of number of PRS resources.
Proposal 3: RAN4 to discuss how to define measurement capability in terms of number of PRS resources, by considering multiple PRS resources per cell and large PRS BW.
2.2. Reference point

RAN1 is discussing the definition of PRS based measurement. One issue RAN1 consults with RAN4 [3] is the reference point of timing related measurement like RSTD and Rx – Tx time difference.
	For the reference point of RSTD measurements in FR2, RAN1 has considered the following two options for the definition of the reference point of RSTD measurements:

· Option 1: the combined signal from antenna elements corresponding to a given receiver

· Option 2: the Rx antenna of the UE

In addition, it is also RAN1’s view that it would be better for RAN4 to make the final decision on the reference point of the RSTD measurement in FR2. It is RAN1’s understanding that RAN4 may also consider other options.

In addition, it is RAN1’s view that the definition of the reference point of the RSTD measurement, if decided, can be extended to other timing related UE and gNB measurements in FR2.


For RSRP measurement in FR2, the measurement is based on the combined signal from antenna elements corresponding to a given receiver branch according to 38.215. The concern to re-use the same reference point for timing related measurement is that the delay of processing (e.g. Rx beamforming) from UE Rx antenna to the virtual point where combined signal from antenna elements are available, may impact the timing measurement. Therefore, it is preferable to have the reference point at the UE Rx antenna. 
However, the issue to define reference point for timing related measurement at UE Rx antenna is that the measurement is done at UE baseband, which means UE needs to calibrate the results for the processing time from the point when PRS arrives at UE’s Rx antenna to the point when baseband measurement is finished. The processing after the virtual receiver branch may be similar as the processing after antenna connector in FR1, so it may be not a problem. The question is what the processing time from the Rx antenna to the virtual receiver branch is, and whether UE can calibrate it. 
Our current understanding is that the calibration is not as easy as for the processing time after antenna connector since it needs to be done in OTA manner. Therefore, if the reference point is defined at the Rx antenna, the accuracy of the measurement may be degraded by the calibration error, which needs to be further investigated. The problem is same for other timing related measurements, including UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA.
Proposal 4: The reference point for FR2 timing related measurements can be defined at the Rx antenna, but the measurement accuracy may be degraded due the error in calibration of the UE’s or gNB’s processing time, which should be further investigated in RAN4.

2.3. Measurement period and accuracy

In LTE, for PRS measurement for RSTD, RAN4 has defined the requirements on measurement period and measurement accuracy. The measurement period is defined to allow certain number of PRS occasions per cell for UE to get a RSTD measurement, and it also depends on whether UE is required to measure on a different carrier frequency than carrier frequency of the reference cell. The measurement accuracy is defined for different PRS BWs and at the side condition of -6dB for reference cell and -13dB for neighbor cells, and conditioned on a certain number of PRS subframes per occasion. The measurement accuracy is derived based on single-shot measurement.
For NR PRS, corresponding requirements need to be defined based on simulations. So far, RAN1 has not finalized the PRS design, in particular the resource mapping, so RAN4 has to wait for further agreements from RAN1 to study the measurement performance. What could be discussed at the moment is the SINR side condition. In our view, -13dB from LTE could be re-used as a starting point, as it gives a good trade-off between the coverage of positioning measurement and baseband measurement performance.
Proposal 5: As a starting point, RAN4 to use -13dB Es/Iot as side condition for PRS measurement requirements for neighbor cell.

An additional aspect in defining the NR PRS measurement period is the Rx beam sweeping in FR2. In RAN1#97, it has been agreed that

	· For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):

· 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.


It can be seen that Rx beam sweeping may or may not be needed in PRS measurement, depending on network indication. This should be reflected in the measurement period. 
Proposal 6: FR2 measurement period should take into account the network configuration of Rx beam to be used for PRS measurement. 
3. Conclusions

In this paper we provided our views on some issues related to RRM requirements for PRS measurement.
Proposal 1: A concept of frequency layer for PRS measurement is defined by using the same definition for CSI-RS mobility measurement. 
Proposal 2: RAN4 to further discuss the definition of intra- and inter-frequency PRS measurement.
Proposal 3: RAN4 to discuss how to define measurement capability in terms of number of PRS resources, by considering multiple PRS resources per cell and large PRS BW.
Proposal 4: The reference point for FR2 timing related measurements can be defined at the Rx antenna, but the measurement accuracy may be degraded due the error in calibration of the UE’s or gNB’s processing time, which should be further investigated in RAN4.

Proposal 5: As a starting point, RAN4 to use -13dB Es/Iot as side condition for PRS measurement requirements for neighbor cell.

Proposal 6: FR2 measurement period should take into account the network configuration of Rx beam to be used for PRS measurement. 
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