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1. Introduction

In RAN4#93, the requirements for UE RSTD measurement were discussed. Following are related agreements as captured in the WF [1].
	· Side conditions for FR1 PRS RSTD measurements
· Neighbor cells: PRS Es/Iot = [-13] dB
· Reference cell: PRS Es/Iot
· Option 1: -6 dB
· Option 2: -3 dB
· Side conditions for FR2 PRS RSTD measurements
· Neighbor cells: PRS Es/Iot
· Option 1: -13 dB
· Option 2: -10 dB
· Reference cell: PRS Es/Iot
· Option 1: -6 dB
· Option 2: -3 dB
· Core requirements shall be applicable for:

· All PRS BW.

· All comb patterns.

· All repetition factors.

· Non-DRX requirements apply for RSTD measurement period, regardless of whether and which DRX configuration is configured for the UE.

· Intra-frequency and inter-frequency definition are FFS; they depend on definition of PRS frequency layer which is being discussed in RAN1.

· Need to check RAN2 signaling and configuration to conclude Ecat.

· The UE shall continue RSTD measurement after each serving cell change for:

· intra-frequency handover,

· inter-frequency handover,

· In this case the RSTD measurement period shall be extended. Details are FFS.


RAN4 agreements are somehow limited due to lack of RAN1 conclusions. In this paper, we will provide our views on RSTD measurement requirements based on further conclusions from RAN1#99.
2. Discussion
2.1. Measurement capability
In LTE PRS measurement requirements, RAN4 defines the measurement capabilities of terms of 
· Number of PRS carriers
· Number of cells over all PRS carriers
In NR, the PRS configuration has a bit different structure from LTE, with the following levels:
· PRS frequency layer: a collection of PRS resources sets from multiple TRPs which have the same SCS, same CP length, same point A, same BW and start RB (thus same centre frequency), same comb size
· TRP: it corresponds to a physical location, and a PRS resource set is always associated with a TRP
· PRS resource set: a set of PRS resources from the same TRP, sharing the same repetition, muting, periodicity and slot offset (each resource has its own slot offset relative to the resource set offset). Typically, each resource in a resource set corresponds to a Tx beam from the TRP.
· PRS resource: a number of consecutive OFDM symbols across a number of RBs containing PRS REs
The question is whether RAN4 needs to define requirements on UE measurement capabilities in terms of number of PRS frequency layers, TRPs, resource sets and resources that UE shall be able to measure. In our view, this is not needed given the latest RAN1 agreement to introduce related UE capability reporting.
	Agreement:
UE can be configured for DL PRS processing according to the following table:
Description
Maximum numbers for DL PRS resources
Values that can be signaled as part of UE Capability 

Max number of frequency layers (X1)

X1=4

Values = {1,4}

FFS: other values 

Max number of TRPs per frequency layer (X2)

X2=64

Max number of PRS resource sets per TRP (X3) per frequency layer

X3=2

Values = {1,2}

Max number of Resources per PRS resource set (X4)

X4=64

FFS: values

Max number of DL PRS Resources per UE (X5)

NA

FFS: values

Max number of TRPs for all frequency layers (X6) per UE

256
FFS: values

Max number of Resources per frequency layer (X7)

NA

FFS: values

Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.


UE should be able to measure all the configured PRS resources, resource sets, TRPs and PRS frequency layers as long as the configured numbers do not exceed the reported UE capability. On the other hand, if any of the configured number goes beyond the UE reported capability, no requirements should apply for the PRS measurement. 
Proposal 1: RAN4 not to define measurement capability in terms of number of PRS frequency layers, TRPs, resource sets and resources that UE shall be able to measure.

Proposal 2: The measurement requirements apply only if the number of configured PRS frequency layers, TRPs, resource sets and resources is within UE reported capabilities.
One open issue from RAN#93 related to measurement capability is whether and how to define intra/inter-frequency for PRS measurement. As discussed for CSI-RS mobility measurement, the definition of intra/inter-frequency is only used in defining the measurement capability in terms of number of carriers. Since we see no need to define this capability requirement, we also see no need to introduce the definition of intra/inter-frequency for PRS measurement. We understand that whether a PRS frequency layer can be measured without gap or scheduling restriction depends on the serving cell BWP, but to avoid confusion in terminology, we prefer to not use ‘intra/inter-frequency’ for PRS frequency layers that can be measured without/with gaps.
Proposal 3: RAN4 not to define intra/inter-frequency for PRS measurement.

2.2. Measurement gap/scheduling restriction

In RAN4#93, two agreements were made regarding the need for measurement gap or scheduling restriction in PRS measurement.
	Agreement 1:
· Condition under which no gaps are needed for PRS measurements:

· If SCSs of reference and neighbor cells’ PRS are the same and the PRS are within the active BWP, and this SCS is same as active BWP SCS, then the UE can measure without gaps and without any scheduling restriction; 

· otherwise whether the UE needs gaps/scheduling restriction or not to measure PRS is FFS

Agreement 2:

· FR1: 

· UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.

· FR2:

· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:

· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”

· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.

· If any problem is identified by RAN4 then how to resolve it is FFS.


Unfortunately the two agreements are to some extent conflicting with each other:

· The first agreements means when a PRS is within the serving cell BWP and the SCS is also the same, UE shall be able to simultaneously measure PRS and receive data from the serving cell.
· The second agreement means for both FR1 and FR2, when UE is indicated to receive data in the same OFDM symbol as PRS, UE shall prioritize data reception and is not expected to measure PRS, thus UE is not required to simultaneously measure PRS and receive data from the serving cell.
RAN4 should re-visit the issue and clarify the UE requirement in simultaneous reception of PRS (from serving or neighbor cells) and data from the serving cell. Our view on this issue is as follows.
· When PRS is within serving cell BWP and also the SCS is same as that of serving cell BWP

· FR1: UE shall be able to simultaneously measure PRS and receive data from the serving cell, so measurement gap is not needed and no scheduling restriction should be allowed.

· FR2: UE is not able to simultaneously measure PRS and receive data from the serving cell due to Rx beam sweeping for PRS measurement, and following RAN1#99 agreement, “UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE”. 

· First, scheduling restriction should not be allowed, as UE would prioritize data reception and drop PRS measurement when no measurement gap is provided. 

· Second, if no measurement gap is provided, some of the PRS measurement occasions will be dropped due to colliding with the dynamic data scheduling, so the measurement performance is not guaranteed. 

· Therefore, UE should be allowed to request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided measurement gaps for PRS measurement.
· When PRS is not within serving cell BWP or the SCS is different from that of serving cell BWP

· For both FR1 and FR2, UE is not able to simultaneously measure PRS and receive data from the serving cell. The question is whether PRS measurement is performed within gaps, or with scheduling restrictions. Our preference is to use measurement gaps.
· First, serving cell is not aware of PRS location of neighbor cells. Thus, it cannot avoid scheduling data on the same symbols of neighbor cell PRS. 
· Second, UE cannot measure the PRS from different cells in arbitrary locations, considering the UE sampling and processing capability. It means the two PRS occasions needs to be separated by a certain time, and it fits well with the periodically occurred measurement gaps.
Proposal 4a: For FR1 and when PRS is within serving cell BWP and also the SCS is same as that of serving cell BWP, UE shall be able to measure PRS without measurement gap or causing any scheduling restriction. 
Proposal 4b: Otherwise, UE should be allowed to request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided measurement gaps for PRS measurement.
2.3. Measurement period
The LTE measurement period requirements for RSTD is as below (taking intra-frequency requirements as example): 
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 is the cell-specific positioning subframe configuration period as defined in TS 36.211 [16],
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 ms is the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time.

Table 8.1.2.5.1-1: Number of PRS positioning occasions within 
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Positioning subframe configuration period 
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Number of PRS positioning occasions 
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 f1 Note1
f1 and f2 Note2
160 ms

16
32

>160 ms

8
16

Note 1: When only intra-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1.

Note 2: When intra-frequency RSTD and inter-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1 and one inter-frequency carrier frequency f2, respectively. 




One important difference between LTE and NR is related to the following agreement from RAN1#99. 

	Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability


In our understanding, the duration of length Dms (where D is the reported UE capability) where UE processes PRS every Tms should be a contiguous time window, i.e. UE measures PRS for a window of Dms every Tms. In this sense, PRS measurement in time domain is similar to SMTC based measurement, except that the location of the Dms window is not known to the serving cell. Tms is the time needed for processing for the Dms PRS, which is same asΔin LTE requirements.
Next we will take LTE requirement as baseline and analyse the adaptation for each component in the requirement due to difference in NR PRS design.
· PRS periodicity: PRS resources from the same resource set have the same periodicity, but can be different for different resource sets or different TRPs. Following the principle in LTE eMTC discussion, the measurement period should be scaled by the largest resource periodicity among all resource sets from all TRPs of a PRS frequency layer. The periodicity of the PRS resource should be lower bounded by Tms, as UE cannot sample or process another PRS occasion during Tms.
· Number of PRS occasions per frequency layer: in principle, the PRS measurement is one-shot. In LTE the number of PRS occasions are defined by considering UE having to process PRS resources from 16 cells and the margin for unfavourable channel fading (a TRP may not be always visible due to fading). In NR, the margin for fading channel still needs to be considered. The scaling for processing multiple PRS from multiple TRPs are not needed as long as the duration of the PRS occasion does not exceed the Dms as UE reported as capability. It should be noted that the measurement requirements would not apply if the duration of the PRS occasion is larger than Dms.
· Number of PRS frequency layers: the basic principle is that UE only processes Dms PRS every Tms for one PRS frequency layer. If the assistance data includes measurement configuration for more than one PRS frequency layers, the measurement period should be scaled. The simplest way is to define the scaling factor as the number of PRS frequency layers, and this is same as in LTE. RAN4 may also consider to define CSSF considering the PRS occasion offset can be different on different layers.
· Processing time: in LTE the processing timeΔis defined as one or multiple of 160ms. In NR we understand the processing time is the Tms in UE reported capability. Same as in LTE, this processing time should also be considered in the measurement period.
· Rx beam sweeping: For FR2, the PRS measurement most likely requires Rx beam sweeping. Although QCL information may be provided for the PRS resource, the QCL source may not be detectable. Also, PRS resources from different TRPs may be FDM-ed or CDM-ed on the same OFDM symbol. They are from different direction, but UE can only direct Rx beam to one direction, so effectively Rx beam is still swept for UE to measure PRS from all TRPs. To simplify the requirements, we prefer to always apply the scaling factor for Rx beam sweeping in FR2.
Based on above analysis, we have the following proposal for the measurement period requirements for PRS measurement:
Proposal 5: PRS measurement period is defined as

Tmeas_PRS = NRxBeam * Nfreq * [(max(Tres, Tproc) * [3] + Tproc] 

where NRxBeam is the scaling factor for Rx beam sweeping, Nfreq is the number of PRS frequency layers, Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, Tproc is the PRS processing time as indicated in UE capability reporting. 

The requirements apply provided that on a PRS frequency layer the duration of any PRS occasion is no larger than the PRS buffering time as indicated in UE capability reporting, and the separation between any two PRS occasions is no less than Tproc.
2.4. Measurement accuracy and side condition
In LTE, the RSTD accuracy requirements are defined for 1.4MHz PRS with 6 PRS subframe per occasion and 20MHz with 1 PRS subframe per occasion, because these are combinations which give reasonable positioning performance. Same principle should be used for NR. As RAN4 has done system level simulations and agreed on link level simulation assumptions, the outcome of the simulations can be used to select the combinations.

On the side conditions, there were different options in RAN4#93. One option is to re-use the same side condition as in LTE, i.e. -6dB SINR for reference cell and -13dB SINR for neighbor cells. The other option, based on observations from system level simulations, is to use better side condition than in LTE, e.g. -3dB for reference cell and -10dB for neighbor cells. 

In our view, the selection of the side condition levels is a tradeoff between the measurement accuracy and the coverage. With better side conditions (higher SINR levels), the measurement accuracy will be improved but UE would meet the requirements in more limited scenarios (as UE meets the requirements only when side conditions are met). Our preference is to re-use the LTE SINR levels, to allow guaranteed positioning performance (corresponding to minimum regulatory requirements) in more scenarios.

Proposal 6: The accuracy requirements are defined for a limited set of combinations of PRS configuration (BW, comb, symbol number, repetition). The side condition is defined as -6dB for reference cell and -13dB for neighbor cells for both FR1 and FR2.
2.5. Reporting criteria

On the number of reporting criteria for RSTD measurement, we understand that in each positioning session, there can be only one assistance data for DL-TDOA, so one reporting criterion for RSTD is sufficient, i.e. Ecat = 1 for RSTD measurement per positioning session.

Proposal 7: Ecat = 1 for RSTD measurement per positioning session.
2.6. Interaction with HO

In RAN4#93 it was agreed that UE shall continue RSTD measurement when HO occurs, but the measurement period may be extended and details are FFS. Actually, the extension of RSTD measurement period due to HO has been addressed in LTE:

	If the intra-frequency handover occurs while intra-frequency RSTD measurements are being performed then the UE shall complete the ongoing OTDOA measurement session. The UE shall also meet the intra-frequency OTDOA measurement and accuracy requirements. However in this case the RSTD measurement period (
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is the time during which the intra-frequency RSTD measurement may not be possible due to intra-frequency handover; it can be up to 45 ms.


We think the same principle can be followed in NR, i.e. the extension of RSTD measurement period is the number of HOs multiplied by the sum of the PRS resource periodicity and the HO interruption. More details can be discussed when the basic measurement period requirements are settled.
Proposal 8: Follow the same principle as in LTE to define extension of RSTD measurement period due to HO.
3. Conclusions

In this paper we provided our views on the UE RSTD measurement requirements.
Proposal 1: RAN4 not to define measurement capability in terms of number of PRS frequency layers, TRPs, resource sets and resources that UE shall be able to measure.

Proposal 2: The measurement requirements apply only if the number of configured PRS frequency layers, TRPs, resource sets and resources is within UE reported capabilities.
Proposal 3: RAN4 not to define intra/inter-frequency for PRS measurement.

Proposal 4a: For FR1 and when PRS is within serving cell BWP and also the SCS is same as that of serving cell BWP, UE shall be able to measure PRS without measurement gap or causing any scheduling restriction. 
Proposal 4b: Otherwise, UE should be allowed to request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided measurement gaps for PRS measurement.
Proposal 5: PRS measurement period is defined as

Tmeas_PRS = NRxBeam * Nfreq * [(max(Tres, Tproc) * [3] + Tproc] 

where NRxBeam is the scaling factor for Rx beam sweeping, Nfreq is the number of PRS frequency layers, Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, Tproc is the PRS processing time as indicated in UE capability reporting. 

The requirements apply provided that on a PRS frequency layer the duration of any PRS occasion is no larger than the PRS buffering time as indicated in UE capability reporting, and the separation between any two PRS occasions is no less than Tproc.
Proposal 6: The accuracy requirements are defined for a limited set of combinations of PRS configuration (BW, comb, symbol number, repetition). The side condition is defined as -6dB for reference cell and -13dB for neighbor cells for both FR1 and FR2.

Proposal 7: Ecat = 1 for RSTD measurement per positioning session.
Proposal 8: Follow the same principle as in LTE to define extension of RSTD measurement period due to HO.
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