


3GPP TSG-RAN WG4 Meeting #98-bis-e	R4-2106337
Online Meeting, Apr 12 – 20, 2021


Agenda item:	5.5.1.4
Source: 	Qualcomm Incorporated
Title: 	On general PRS measurement requirements 
Document for:	Discussion
Introduction
In RAN4#98-e meeting, several questions surrounding PRS measurement requirements were discussed further, with agreements and open issues captured in a WF [1]. In this paper, we discuss the following remaining questions:
· Alignment of terminology
· CSSF related issues
· Applicability conditions related to UE measurement capability
· Applicability of measurement gaps for LTE RRM
Alignment of terminology
Towards the end of RAN4#98-e there was an attempt to introduce a change in the terminology used in TS 38.133 sections 9.9.2, 9.9.3 and 9.9.4, where measurement requirements for PRS-RSTD, PRS-RSRP, and UE Rx-Tx are specified, respectively. The change was to replace the term “positioning frequency layer” with “PRS frequency layer.”
Positioning frequency layer is RAN 1 terminology defined in TS 38.211 subclause 7.4.1.7.1: “A positioning frequency layer consists of one or more downlink PRS resource sets, each of which consists of one or more downlink PRS resources as described in [6, TS 38.214].” The term positioning frequency layer is also used in the definition of the LPP protocol in TS 37.355, in a manner consistent with the RAN1 definition. In contrast there is no formal definition of “PRS frequency layer,” so far as we are aware. The current wording in TS 38.133, which refers to “positioning frequency layer(s),” was agreed upon in the CRs introduced in RAN4#96-e. We have not heard any arguments in RAN4 suggesting that this terminology is inadequate and should be changed. In fact, we would argue that all the measurement requirements that RAN4 has been working on are based on the RAN1 definition of positioning frequency layer. Many of the issues RAN4 is tackling while defining measurement requirements for NR positioning are directly tied to the structure and properties of positioning frequency layers. Are we now saying that RAN4 is not writing requirements for positioning frequency layers, as understood by other RAN WGs?
Options from the WF [1]:
Terminology that should be used in the specifications
· Option 1: Positioning frequency layer
· Option 2: PRS frequency layer
· Option 3: Frequency layer (with NR PRS measurement)
· Other options not precluded
· Companies are also encouraged to check specifications of other WGs


Proposal 1: Use the term positioning frequency layer in the specification of requirements for NR positioning, consistent with the definition and understanding used by RAN1 and RAN2.
CSSF related issues
This section addresses several open questions in the WF [1] related to the definition of CSSF within gap for NR positioning measurements.
Whether a PLF is considered as candidate for a MG occasion when part but not all resources on that PFL are within the MGL of the MG occasion
· Option 1: PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time.
· Option 2: Yes, a PFL is counted as candidate for a MG occasion if a sufficient number of PRS symbols are contained within MGL excluding RF switching time

Proposal 2: PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered (including at least the minimum number of repetitions specified in the accuracy requirements) by the MGL excluding RF switching time. 

For the sum-based approach, Selection of one PFL in CSSF calculation for PRS measurement period
· Option 1:
· Only one PRS frequency layer with a short periodicity would compete for MG with other gap-based RRM measurements at a time
· Selection of the one PRS frequency layer for measurement is up to UE implementation
· Option 2:
· For PFLs that do not satisfy the long periodicity condition, CSSF would be calculated by counting only one PFL at a time.
· For RRM frequency layers, N intermediate CSSF values would be calculated, where N is the number of PFLs and each intermediate CSSF value accounts for only one of the PFLs.
· FFS: The CSSF value for a RRM frequency layer could be the highest among the N intermediate CSSF values or chosen depending on [which] PFL is being processed at the time.
· Option 3:
· CSSF should be defined on per MG occasion basis, i.e. a PRS frequency layer is counted as candidate for a MG occasion if at least one PRS resource occasion is fully covered by the MGL excluding RF switching time.
· Count only a single PFL for each MG occasion.

The three options above overlap significantly and we don’t see any contradiction between them. Option 3 is implied by option 1 and our proposal 2 above. We can support all three options.


Proposal 3: 
· Only one PRS frequency layer would compete for MG with other gap-based RRM measurements at a time
· Selection of the one PRS frequency layer for measurement is up to UE implementation.
· For PFLs that do not satisfy the long periodicity condition, CSSF would be calculated by counting only one PFL at a time. For PFLs that satisfy the long periodicity condition CSSF equals 1.
· For RRM frequency layers, N intermediate CSSF values would be calculated, where N is the number of PFLs and each intermediate CSSF value accounts for only one of the PFLs.
· FFS: The CSSF value for a RRM frequency layer could be the highest among the N intermediate CSSF values or chosen depending on [which] PFL is being processed at the time.

Definition of long periodicity measurement
· Option 1: Tavailable,i ≥ 320ms
· Option 2: max(Tprs * X * dl-prs-MutingBitRepetitionFactor) ≥ 320ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16
· Option 3:  where  is the PRS resource set index within a PFL, ,  is the PRS resource periodicity and  is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 4
	PRS periodicity (ms)
	DL-PRS-MutingPattern configuration

	> 160
	With or without muting

	160
	With muting



For alignment with the approach used to account for PRS muting in the calculation of , we can support option 2 above. One suggestion would be to modify the threshold condition to ≥ 160 ms. The argument would be that if the PRS resources can be measured in at most one MG instance per the maximum MGRP (=160 ms) supported in Rel-16, then PRS measurements should be prioritized.
Proposal 4: max(Tprs * X * dl-prs-MutingBitRepetitionFactor) ≥ 160 ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16.


Applicability conditions related to UE measurement capability
The WF [1] from RAN4#98-e lists several open questions regarding applicability of PRS measurement requirements. In our view it is worth discussing some of these applicability conditions and clarifying the conclusions in the specifications. They are as follows:
Time span of PRS resource instance > N
· Option 1: The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance is greater than UE reported capability N
· Option 2: At least UE should be able to measure one PRS resource without repetition 
· Option 3: No clarification is needed 

Time span of PRS resource instance > MGL
· Option 1: The measurement requirements do not apply for a PRS resource, if the time span of a DL PRS resource instance is greater than the configured measurement gap length
· Option 2: When time span of PRS resource instance > MGL, the PRS within the useful part of MG can be assumed
· Option 3: The requirements apply, provided a sufficient number of PRS symbols are available within MGL excluding the RF switching time. The PRS symbols beyond MGL are not considered for PRS measurements

Time span of PRS resource instance being across two sampling duration of N within duration Lprs
· Option 1: The measurement requirements do not apply for a PRS resource, if the PRS resource is across two sampling duration of N within duration Lprs
· Option 2: UE may need to combine the PRS resource in the two sampling periods, or overlapped sampling window can be used if the issue exists 
· Option 3: No clarification is needed

General applicability due to UE processing and measurement limitations
· Option 1: The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety due to limitations imposed by either the UE PRS processing capability {N, T} or the configured measurement gap pattern.
· Option 2: No further clarification is needed


For all three types of DL positioning methods in UE assisted mode, when the UE reports measurement results to the location server it includes the NR-DL-PRS-ResourceID-r16, NR-DL-PRS-ResourceSetID-r16 and dl-PRS-ID for each measurement. For example, for DL-TDOA this information is provided in IE NR-DL-TDOA-MeasElement-r16 [2]. The combination of NR-DL-PRS-ResourceID-r16, NR-DL-PRS-ResourceSetID-r16 and dl-PRS-ID uniquely identifies a PRS resource.

Observation 1: NR DL positioning measurement results reported by the UE are provided for uniquely identifiable PRS resources in the assistance data provided by the location server.

We assume that the UE should only report measurement results for a given PRS resource only if it is able to measure at least one repetition of that resource. More than one repetition may be required depending on the minimum number of repetitions specified in the accuracy requirements for that particular PRS configuration.
Regarding the options for general applicability due to UE processing and measurement limitations, even though we were the proponents of option1 we think it may be

Proposal 5: The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N.
Proposal 6: The measurement requirements do not apply for a PRS resource, if the time span of a DL PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than the configured measurement gap length.
NOTE: Proposal 6 is not needed if proposal 2 is adopted.
Proposal 7: The measurement requirements do not apply for a PRS resource, if the PRS resource is across two sampling duration of N within duration Lprs.
Proposal 8: The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety (including at least the minimum number of repetitions specified in the accuracy requirements) due to limitations imposed by either the UE PRS processing capability {N, T} or the configured measurement gap pattern.
Applicability of measurement gaps for LTE RRM
The first question is whether MG pattern #25 is applicable for LTE measurements. The following options were offered in the WF [1]:
· Option 1: Remove MG pattern #25 as an applicable pattern for LTE measurement
· Option 2: No change is needed to the current specification

Currently none of the other existing MG patterns with MGRP = 160 ms are applicable to LTE measurements. We can support option 1. 
Proposal 9: Remove MG pattern #25 as an applicable pattern for LTE measurement.
The second question is whether to modify the measurement window when MG pattern #24 is used for LTE measurements. From the WF, we have the following options [1]:
· Option 1: When MG pattern #24 is used for LTE measurement, the measurement window is defined as the first 5ms after the RF re-tuning time
· Option 2: no need to limit this to 5 ms

We agree with option 1 and in addition we think Tinter1 needs to be modified accordingly.
Proposal 10: When MG pattern #24 is used for LTE measurements, the measurement window is defined as the first 5ms after the RF re-tuning time and Tinter1 = 30 ms.
Conclusions
Proposal 1: Use the term positioning frequency layer in the specification of requirements for NR positioning, consistent with the definition and understanding used by RAN1 and RAN2.

Proposal 2: PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered (including at least the minimum number of repetitions specified in the accuracy requirements) by the MGL excluding RF switching time.
Proposal 3: 
· Only one PRS frequency layer would compete for MG with other gap-based RRM measurements at a time
· Selection of the one PRS frequency layer for measurement is up to UE implementation.
· For PFLs that do not satisfy the long periodicity condition, CSSF would be calculated by counting only one PFL at a time. For PFLs that satisfy the long periodicity condition CSSF equals 1.
· For RRM frequency layers, N intermediate CSSF values would be calculated, where N is the number of PFLs and each intermediate CSSF value accounts for only one of the PFLs.
· FFS: The CSSF value for a RRM frequency layer could be the highest among the N intermediate CSSF values or chosen depending on [which] PFL is being processed at the time.

Proposal 4: max(Tprs * X * dl-prs-MutingBitRepetitionFactor) ≥ 160 ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16.
Observation 1: NR DL positioning measurement results reported by the UE are provided for uniquely identifiable PRS resources in the assistance data provided by the location server.

Proposal 5: The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N.
Proposal 6: The measurement requirements do not apply for a PRS resource, if the time span of a DL PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than the configured measurement gap length.
NOTE: Proposal 6 is not needed if proposal 2 is adopted.
Proposal 7: The measurement requirements do not apply for a PRS resource, if the PRS resource is across two sampling duration of N within duration Lprs.
Proposal 8: The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety (including at least the minimum number of repetitions specified in the accuracy requirements) due to limitations imposed by either the UE PRS processing capability {N, T} or the configured measurement gap pattern.
Proposal 9: Remove MG pattern #25 as an applicable pattern for LTE measurement.
Proposal 10: When MG pattern #24 is used for LTE measurements, the measurement window is defined as the first 5ms after the RF re-tuning time and Tinter1 = 30 ms.
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