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1. Introduction

RRM requirements for NR positioning is discussed in RAN4#92, mainly focusing on the work plan and scope. In [1] it is agreed that RAN4 will specify the following UE requirements.

	1) UE DL PRS-RSTD measurement in RRC_CONNECTED

a. Core part (RAN4 #92 ~ #94):

i. Intra-frequency PRS-RSTD measurement requirement in FR1 

ii. Inter-frequency PRS-RSTD measurement requirement in FR1 

iii. Intra-frequency PRS-RSTD measurement requirement in FR2 

iv. Inter-frequency PRS-RSTD measurement requirement in FR2 

v. Inter-FR PRS-RSTD measurement requirement 

2) UE DL PRS-RSRP measurement in RRC_CONNECTED

a. Core part (RAN4 #92 ~ #94):

i. Intra-frequency PRS-RSRP measurement requirement in FR1 

ii. Inter-frequency PRS-RSRP measurement requirement in FR1 

iii. Intra-frequency PRS-RSRP measurement requirement in FR2 

iv. Inter-frequency PRS-RSRP measurement requirement in FR2 

3) UE ECID and/or multiple cell RTT requirements in RRC_CONNECTED

a. Requirements for power-based measurements, e.g., for RSRP, etc.

b. Rx-Tx time difference measurement requirements
4) The impact of positioning measurements on the existing requirements
5) Other requirements needed for positioning measurements, e.g., measurement capability, reporting criteria, etc.

6) FFS: requirements for UE-based positioning measurements.
7) FFS: measurement requirement for gNB is needed or not. 
8) Measurement report mapping for gNB measurements


In this paper, we will provide our views on PRS measurement.
2. Discussion
In [2] RAN1 provided mapping between reference signals and UE measurements for NR positioning. 

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


It can be seen that PRS is used DL RSTD, DL PRS RSRP and UE Rx-Tx time difference measurements. Our discussions in the next subsections are applicable for all 3 measurements.
2.1. 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, as agreed in RAN1#98, the transmission bandwidth is configurable. The start PRB is defined relative to point A, which is unique per frequency layer. We can see that the term ‘frequency layer’ is used in RAN1 agreement, although there is no clear definition for it. It is FFS in RAN1 if start PRB and centre frequency are same within a frequency layer.
	· The following parameters describing a DL PRS Resource are defined:

· Bandwidth of DL PRS Resource 

· FFS granularity of bandwidth configuration which is to be down-selected at the next meeting among the following options: …

· Start PRB of DL PRS Resource is defined relative to Point A

· A single Point A for DL PRS resource allocation is provided per frequency layer. 

· UE can be configured with one or multiple frequency layers

· FFS amount of frequency layers for NR Positioning supported by UE, which is up to UE capability

· All DL PRS Resources belonging to the same DL PRS Resource Set have common Point A

· FFS whether additional constraints such as start PRB and center frequency of the bandwidth for the PRS resources are the same within a frequency layer. Resolve FFS at the next meeting.


In our view, the concept of frequency layer for PRS measurement is needed also in RAN4 to define UE capability in terms of number of frequency layers. We think the concept of frequency layer for CSI-RS mobility measurement can be re-used. Basically, to be on the same frequency layer, i.e. the cells from which PRS are transmitted should have the same Point A (single point A per frequency layer as already agreed by RAN1), 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. 
In LTE, PRS measurement are categorized into intra-frequency and inter-frequency, same as for RRM measurement, depending on whether the reference cell or the neighbor cell is with the same earfcn as the serving cell. In our view, such a categorization is not really necessary for PRS measurement. 
First, PRS measurement is not configured via MO configuration but in the assistance data provided by LMF, and there is no association between assistance data and serving cell. Second, whether PRS is on the same frequency as serving cell (e.g. serving cell’s SSB) does not impact the PRS measurement performance. There may be different impact to the RRM measurement, but it can be discussed separately without defining a PRS measurement as intra- and inter-frequency. Third, the need for measurement gap for PRS measurement does not really depend on whether it is on the same frequency as serving cell, instead even for RRM measurement we have intra-frequency with gap, and we will have inter-frequency without gap.
Proposal 2: RAN4 does not need to define PRS measurement as intra- or inter-frequency. 
RAN4 needs to define the UE capability requirements in number of PRS frequency layers UE should be able to monitor. Considering that PRS of large BW will be frequently used in NR to achieve good positioning accuracy, the number frequency layers should be limited, in order to keep the implementation complexity and cost at reasonable level. We understand RAN1 will further discuss the number of PRS frequency layers, so RAN4 can further wait for RAN1 conclusion.

Proposal 3: RAN4 waits for RAN1 conclusion before defining UE capability requirements in number of PRS frequency layers UE should be able to monitor.

2.2. Resource and resource sets
In RAN1#98, it is agreed that
	· Periodicity of DL PRS allocation is configured per DL PRS Resource Set

· i.e. all DL PRS Resources of a given set have the same periodicity

· Multiple DL PRS Resource Sets can be configured per TRP

· FFS how many DL PRS Resources Sets can be configured per TRP

· The following periodicity values for periodicity of DL PRS allocation are supported

· P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots

· 20480 is not supported for an SCS of 15 kHz

· FFS: Further restrictions on values applicable to different SCS

· RSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs (Option 1 from agreement made in RAN1#97)

· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP

· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report

· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 

· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.


It can be seen that multiple PRS resource sets can be configured per TRP, and the timing related measurements (RSTD and Rx-Tx time difference) are defined per TRP. It is then a question which resource set or sets should UE use to derive the measurement for the TRP. Actually, in LTE eMTC UE can already be configured with up to 3 PRS resources, but the feature is not well support in RAN4 requirements, which were only defined for the case with a single PRS configuration per cell, due to time limit. In NR positioning, as multiple PRS resource sets per TRP is introduced from beginning, RAN4 should discuss how to reflect that in the requirements.
Proposal 4: For timing related measurements, RAN4 should discuss which PRS resource set(s) should be used to obtain the measurement for the TRP when multiple PRS resource set(s) are configured per TRP.
Based on existing RAN1 conclusions, for a poisoning session, a UE needs to measure PRS from
· multiple TRPs, the number depends on the visibility of TRPs and the positioning requirements
· multiple PRS resources sets per TRP, the number depends on network configuration and RAN4 measurement requirements
· multiple resources per resource set, the number depends on network configuration, and usually related to number of Tx beams
combining all above, it can be found that for NR PRS measurement, UE may need to measure much more PRS resources than in LTE which is 16. In addition, PRS could be with very large BW. Therefore, UE complexity and cost should be considered when defining the UE requirements e.g. in number of resources or resource sets UE should be able to monitor per frequency layer, or number of resource sets per TRP..
Proposal 5: RAN4 should consider UE complexity and cost when defining requirements on number of PRS resources or resource sets per frequency layer that UE should be able to measure.
3. Conclusions

In this paper we provided our initial views on the remaining open issues in CLI 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 does not need to define PRS measurement as intra- or inter-frequency. 
Proposal 3: RAN4 waits for RAN1 conclusion before defining UE capability requirements in number of PRS frequency layers UE should be able to monitor.

Proposal 4: For timing related measurements, RAN4 should discuss which PRS resource set(s) should be used to obtain the measurement for the TRP when multiple PRS resource set(s) are configured per TRP.

Proposal 5: RAN4 should consider UE complexity and cost when defining requirements on number of PRS resources or resource sets per frequency layer that UE should be able to measure.
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