
3GPP TSG RAN WG1 #100		R1-2000462
e-Meeting, February 24th – March 6th, 2020

Source:	OPPO
Title:	Remaining Issues on DL Positioning Reference Signal
Agenda Item:	7.2.8.1
Document for:	Discussion and Decision

1. Introduction
In this contribution, we present our views on various remaining issues of downlink positioning reference signals and provides text proposals for specification update.
2. Discussion
Regarding the RE mapping pattern of DL PRS, we made the following agreement in RAN1#98bis:
	Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)df
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}


And in RAN1#99, we finalized the RE mapping design with the 2nd agreement:
	Agreement:
· Configuration of 12 symbols for DL PRS Resource is supported. 
· Configuration of CombSize-12 for DL PRS Resource is supported
· At most one pattern is to be supported for each agreed pair of number of symbols and combSize
· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}





As we have agreed, in the configuration of a PRS resource, the number of OFDM symbols shall be always equal to or larger than the Comb Size. However, the current specification (38.214, 38.211) do not implement that.
[bookmark: _Hlk30365377]Proposal 1: Clarify in 38.214 that the number of symbols in one PRS resource shall be not less than configured Comb size.
The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
In TS 38.213:
Section 5.1.6.4	PRS reception procedure

<omitted text>

A PRS resource is defined by:
· DL-PRS-ResourceList determines the DL PRS resources that are contained within one DL PRS resource set. 
· DL-PRS-ResourceId determines the DL PRS resource configuration identity. All DL PRS resource IDs are locally defined within a DL PRS resource set.
· DL-PRS-SequenceId is used to initialize cinit value used in pseudo random generator [4, TS38.211, 7.4.1.7.2] for generation of DL PRS sequence for a given DL PRS resource.
· DL-PRS-ReOffset defines the starting RE offset of the first symbol within a DL PRS resource in frequency. The relative RE offsets of the remaining symbols within a DL PRS resource are defined based on the initial offset and the rule described in Subclause 7.4.1.7.3 of [4, TS38.211]. 
· DL-PRS-ResourceSlotOffset determines the starting slot of the DL PRS resource with respect to corresponding DL-PRS-ResourceSetSlotOffset
· DL-PRS-ResourceSymbolOffset determines the starting symbol of the DL PRS resource within the starting slot. 
· DL-PRS-NumSymbols defines the number of symbols of the DL PRS resource within a slot where the allowable values are given in Subclause 7.4.1.7.1 of [4, TS38.211]. The UE may be configured with of the following configurations: {DL-PRS-NumSymbols=2, DL-PRS-CombSizeN=2},{DL-PRS-NumSymbols=4, DL-PRS-CombSizeN=2}, {DL-PRS-NumSymbols=6, DL-PRS-CombSizeN=2}, {DL-PRS-NumSymbols=12, DL-PRS-CombSizeN=2}, {DL-PRS-NumSymbols=4, DL-PRS-CombSizeN=4}, {DL-PRS-NumSymbols=12, DL-PRS-CombSizeN=4}, {DL-PRS-NumSymbols=6, DL-PRS-CombSizeN=6}, {DL-PRS-NumSymbols=12, DL-PRS-CombSizeN=6} or {DL-PRS-NumSymbols=12, DL-PRS-CombSizeN=12}.

<omitted text>



There are some typos in the specification text of DL PRS sequence generation [3] and they shall be fixed for specification corrections.
Proposal 2: Correct errors in DL PRS sequence generation formula in 38.211.
The following table provides the corresponding text proposal for Proposal 2:
	In TS 38.211
Section 7.4.1.7 Positioning reference signals
<omitted text>
[bookmark: _Toc29230405]7.4.1.7.2	Sequence generation
The UE shall assume the reference-signal sequence  is defined by


where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

where  is the slot number within a radio frame , the downlink PRS sequence ID  is given by the higher-layer parameter DL-PRS-SequenceId, and  is the OFDM symbol within the slot to which the sequence is mapped.
[bookmark: _Toc29230406]7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
[bookmark: _Hlk20398772]For each downlink PRS resource configured, the UE shall assume the sequence  is scaled with a factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the downlink PRS resource for which the UE is configured;
-	the symbol  is not used by any SS/PBCH block used by the serving cell for downlink PRS transmitted from the serving cell or indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
<omitted text>



Muting bitmap for a PRS resource set defines the time locations where the DL PRS resource is expected to not be transmitted. As defined in the RRC parameter list [4], the definition of the muting bitmap is: 
	Bit value “0” indicates a muted DL PRS transmission, and the value “1” indicates DL PRS transmission


The PRS resource is not transmitted in the time locations corresponding to a bit set to 0. However, in the current specification 38.211[3], the value of the corresponding bit set for DLPRS transmission is not specified. 
As we agreed, the periodicity values of DL PRS resource take into account the SCS used by the PRS:
	Agreement:
The following periodicity values of DL PRS resource allocation are supported depending on SCS
 {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots, µ = 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively


But in the specification text in TS 38.211, the description of  still includes the SCS value, which is not aligned with the agreement and the specification in TS 38.314 too. 
Proposal 3: Correct specification text on mapping downlink PRS resource set in slots in 38.211.
The following table provides the corresponding text proposal for Proposal 3:
	TS 38.211
7.4.1.7 Positioning reference signals 
<omitted text>
[bookmark: _Toc29230407]7.4.1.7.4	Mapping to slots in a downlink PRS resource set
For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being transmitted when the slot and frame numbers fulfil

and one of the following conditions are fulfilled:
-	the higher-layer parameter DL-PRS-MutingPattern is not provided;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  but not bitmap  is provided, and bit  is set to 1;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  but not bitmap  is provided, and bit  is set to 1;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and both bitmaps  and  are provided, and both bit  and  are set to 1.
where
-	 is bit  in the bitmap given by the higher-layer parameter DL-PRS-MutingPattern where  is the size of the bitmap; 
-	 is bit  in the bitmap given by the higher-layer parameter DL-PRS-MutingPattern;
-	the slot offset  is given by the higher-layer parameter DL-PRS-ResourceSetSlotOffset;
-	the downlink PRS resource slot offset  is given by the higher-layer parameter DL-PRS-ResourceSlotOffset; 
-	the periodicity  is given by the higher-layer parameter DL-PRS-Periodicity; 
-	the repetition factor  is given by the higher-layer parameter DL-PRS-ResourceRepetitionFactor;
-	the muting repetition factor  is given by the higher-layer parameter DL-PRS-MutingBitRepetitionFactor;
-	the time gap  is given by the higher-layer parameter DL-PRS-ResourceTimeGap;
For a downlink PRS resource in a downlink PRS resource set configured, the UE shall assume the downlink PRS resource being transmitted as described in clause 5.1.6.4 of [6, TS 38.214].

<omitted text>


Some specification texts describing the PRS transmission and reception in TS38.214 do not align with what we agreed accurately and thus propose to make the following changes: 
Proposal 4: Correct specification text on PRS resource reception in TS 38.214.

	TS 38.214

<omitted text>
· [bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292]5.1.6.5	PRS reception procedure
The UE can be configured with one or more DL PRS resource set configuration(s) as indicated by the higher layer parameters DL-PRS-ResourceSet and DL-PRS-Resource. Each DL PRS resource set consists of K≥1 DL PRS resource(s)where each has an associated spatial transmission filter. The UE can be configured with one or more DL PRS Positioning Frequency Layer configuration(s) as indicated by the higher layer parameter DL-PRS-PositioningFrequencyLayer. A DL PRS Positioning Frequency Layer is defined as a collection of DL PRS Resource Sets which have common parameters configured by DL-PRS-PositioningFrequencyLayer.
The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters DL-PRS-PositioningFrequencyLayer, DL-PRS-ResourceSet and DL-PRS-Resource.
A positioning frequency layer consists of one or more PRS resource sets and it is defined by:
-	DL-PRS-SubcarrierSpacing defines the subcarrier spacing for the DL PRS resource. All DL PRS Resources and DL PRS Resource sets in the same DL-PRS-PositioningFrequencyLayer have the same value of DL-PRS-SubcarrierSpacing. The supported values of DL-PRS-SubcarrierSpacing are given in Table 4.2-1 of [4, TS38.211].
-	DL-PRS-CyclicPrefix defines the cyclic prefix for the DL PRS resource. All DL PRS Resources and DL PRS Resource sets in the same DL-PRS-PositioningFrequencyLayer have the same value of DL-PRS-CyclicPrefix. The supported values of DL-PRS-CyclicPrefix are given in Table 4.2-1 of [4, TS38.211].
-	DL-PRS-PointA defines the absolute frequency of the reference resource block. Its lowest subcarrier is also known as Point A. All DL PRS resources belonging to the same DL PRS Resource Set have common Point A and all DL PRS Resources sets belonging to the same DL-PRS-PositioningFrequencyLayer have a common Point A.
The UE expects that it will be configured with [IDs] each of which is defined such that it is associated with multiple one or two DL PRS Resource Setsfrom the same cell associated with the same [ID]. The UE expects that one of these [IDs] along with a DL-PRS-ResourceSetId and a DL-PRS-ResourceId can be used to uniquely identify a DL PRS Resource. 
A PRS resource set consists of one or more PRS resources and it is defined by:
-	DL-PRS-ResourceSetId defines the identity of the DL PRS resource set configuration. 
-	DL-PRS-Periodicity defines the DL PRS resource periodicity and takes values  slots, where for DL-PRS-SubcarrierSpacing=15, 30, 60 and 120kHz respectively.20480 is not supported for  All the DL PRS resources within one resource set are configured with the same periodicity. 
-	DL-PRS-ResourceRepetitionFactor defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS resource set and takes values ,. All the DL PRS resources within one resource set have the same ResourceRepetitionFactor
-	DL-PRS-ResourceTimeGap defines the offset in number of slots between two repeated instances of a DL PRS resource with the same DL-PRS-ResourceID within a single instance of the DL PRS resource set and takes values . The UE only expects to be configured with DL-PRS-ResourceTimeGap if DL-PRS-ResourceRepetitionFactor is configured with value greater than 1. The time duration spanned by one instance of a DL-PRS-ResourceSet is not expected to exceed the configured value of DL-PRS-Periodicity. All the DL PRS resources within one resource set have the same DL-PRS-ResourceTimeGap.
-	DL-PRS-MutingPattern defines a bitmap of the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. The bitmap size can be {2, 4, 8, 16, 32} bits long. The bitmap has two options for applicability. In the first option each bit in the bitmap corresponds to a configurable number of consecutive instances of a DL-PRS-ResourceSet where all the DL-PRS-Resources within the set are muted for the instance that is indicated to be muted. In the second option each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS-Resources within each instance of a DL-PRS-ResourceSet and the length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor. Both options may be configured at the same time in which case the logical AND operation is applied to the bit maps as described in clause 7.4.1.7.4 of [4, TS 38.211].
-	DL-PRS-SFN0-Offset defines the time offset of the SFN0 slot 0 for the transmitting cell with respect to SFN0 slot 0 of [FFS in RAN2].
-	DL-PRS-ResourceSetSlotOffset defines the slot offset with respect to SFN0 slot 0 and takes values .
-	DL-PRS-CombSizeN defines the comb size of a DL PRS resource where the allowable values are given in Clause 7.4.1.7.1 of [TS38.211]. All DL PRS resource sets belonging to the same positioning frequency layer have the same value of DL-PRS-combSizeN.
-	DL-PRS-ResourceBandwidth defines the number of resource blocks configured for PRS transmission. The parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All DL PRS resources sets within a positioning frequency layer have the same value of DL-PRS-ResourceBandwidth.
- DL-PRS-ResourceList determines the DL PRS resources that are contained within one DL PRS resource set.
A PRS resource is defined by:
-	DL-PRS-ResourceList determines the DL PRS resources that are contained within one DL PRS resource set. 
-	DL-PRS-ResourceId determines the DL PRS resource configuration identity. All DL PRS resource IDs are locally defined within a DL PRS resource set.
-	DL-PRS-SequenceId is used to initialize cinit value used in pseudo random generator [4, TS38.211, 7.4.1.7.2] for generation of DL PRS sequence for a given DL PRS resource.
-	DL-PRS-ReOffset defines the starting RE offset of the first symbol within a DL PRS resource in frequency. The relative RE offsets of the remaining symbols within a DL PRS resource are defined based on the initial offset and the rule described in Clause 7.4.1.7.3 of [4, TS38.211]. 
-	DL-PRS-ResourceSlotOffset determines the starting slot of the DL PRS resource with respect to corresponding DL-PRS-ResourceSetSlotOffset
-	DL-PRS-ResourceSymbolOffset determines the starting symbol of the DL PRS resource within the starting slot. 
-	DL-PRS-NumSymbols defines the number of symbols of the DL PRS resource within a slot where the allowable values are given in Clause 7.4.1.7.1 of [4, TS38.211]. 
-	DL-PRS-QCL-Info defines any quasi-colocation information of the DL PRS resource with other reference signals. The DL PRS may be configured to be ‘QCL-Type-D’ with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. The DL PRS may be configured to be ‘QCL-Type-C’ with a SS/PBCH Block from a serving or non-serving cell. If the DL PRS is configured as both ‘QCL-Type-C’ and ‘QCL-Type-D’ with SS/PBCH Block then the SSB index indicated should be the same and should be from the same cell.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resource with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.
The UE assumes constant EPRE is used for all REs of a given DL PRS resource.
The UE may be indicated by the network that a DL PRS resources can be used as the reference for the RSTD measurement in a higher layer parameter DL-PRS-RstdReferenceInfo. The reference time indicated by the network to the UE can also be used by the UE to determine how to apply higher layer parameters DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty. The UE expects the reference time to be indicated whenever it is expected to receive the DL PRS. This reference time provided by DL-PRS-RstdReferenceInfo may include an [ID], a PRS resource set ID, and optionally a single PRS resource ID or a list of PRS resource IDs. The UE may use different DL PRS resources as long as the condition that the DL PRS resources used belong to a single DL PRS resource set is met or a different DL PRS resource set to determine the reference time for the RSTD measurementas long as the condition that the DL PRS resources used belong to a single DL PRS resource set is met. If the UE chooses to use a different reference time than indicated by the network, then it is expected to report the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the reference. 
[bookmark: _Hlk24184832]The UE may be configured to report quality metrics corresponding to the RSTD and UE Rx-Tx time difference measurements which include the following fields:
-	TimingMeasQuality-Value which provides the best estimate of the uncertainty of the measurement
-	TimingMeasQuality-Resolution which specifies the resolution levels used in the ValueTimingMeasQuality-Value field
[bookmark: _Hlk21966487]The UE expects to be configured with higher layer parameter DL-PRS-expectedRSTD, which defines the time difference with respect to the received DL subframe timing the UE is expected to receive DL PRS, and DL-PRS-expectedRSTD-uncertainty, which defines a search window around the expectedRSTD.
[bookmark: _Hlk21964903]For DL UE positioning measurement reporting in higher layer parameters DL-PRS-RstdMeasurementInfo or DL-PRS-UE-Rx-Tx-MeasurementInfo the UE can be configured to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) associated with the DL PRS resource(s) or the DL PRS resource set(s) which are used in determining the UE measurements DL RSTD, UE Tx-Rx time difference or the DL PRS-RSRP.
The UE can be configured in higher layer parameter UE Rx-Tx Time-MeasRequestInfo to report multiple UE Rx-Tx time difference measurements corresponding to a single configured SRS resource or resource set for positioning. Each measurement corresponds to a single received DL PRS resource or resource set which can be in difference positioning frequency layers. 
For the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements the UE can report an associated higher layer parameter Timestamp. The Timestamp can include the SFN and the slot number for a subcarrier spacing. These values correspond to the reference which is provided by DL-PRS-RSTDReferenceInfo. 
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. 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. If the UE is not provided with a measurement gap, the UE is not expected to process DL PRS resources on serving or non-serving cells on any symbols indicated as UL by the serving cell. When the UE is expected to measure the DL PRS resource outside the active DL BWP it may request a measurement gap in higher layer parameter [XYZ]. 
The UE assumes that for the serving cell the DL PRS is not mapped to any symbol that contains SS/PBCH. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS is not mapped to any symbol that contains the SS/PBCH block of the non-serving cell. 
The UE may be configured to report, subject to UE capability, up to 4 DL RSTD measurements per pair of cells [IDs] with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the DL PRS configured for those cells associated with those [IDs]. The up to 4 measurements being performed on the same pair of cells [IDs] and all DL RSTD measurements in the same report use a single reference timing. 
The UE may be configured to measure and report up to 8 DL PRS RSRP measurements on different DL PRS resources from the same cell associated with the same [IDs]. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS RSRP measurements have been performed using the same spatial domain filter for reception.
If the UE is configured with DL-PRS-QCL-Info and the QCL relation is between two DL PRS resources, then the UE assumes those DL PRS resources are associated with the same [IDs]from the same cell. If DL-PRS-QCL-Info is configured to the UE with ‘QCL-Type-D’ with a source DL-PRS-Resource then the DL-PRS-ResourceSetId and the DL-PRS-ResrouceId of the source DL-PRS-Resource are expected to be indicated to the UE.
The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.
<omitted text>



3. Conclusion
In this contribution, we presented our views on procedures for DL PRS transmission and UL SRS transmission. Based on the discussion, the following proposals are provided:
Proposal 1: Clarify in TS 38.214 that the number of symbols in one PRS resource shall be not less than configured Comb size.
Proposal 2: Correct errors in DL PRS sequence generation formula in TS 38.211.
Proposal 3: Correct specification text on mapping downlink PRS resource set in slots in TS 38.211.
Proposal 4: Correct specification text on PRS resource reception in TS 38.214.
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