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1. Introduction
In this contribution, we present our views on various remaining issues of downlink positioning reference signals and provide text proposals for specification update.
2. Discussion
2. QCL configuration for PRS resources
In the current version of TS 38.214, the description on the QCL configuration for PRS resource as below may mislead that each PRS resource should always be configured with QCL information. However, it is not true.
	[bookmark: _Toc52457777][bookmark: _Toc45810567][bookmark: _Toc36645522]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 nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16. Each DL PRS resource set consists of K≥1 DL PRS resource(s) where each has an associated spatial transmission filter.



Thus, we propose the following text proposal to avoid the issue
	In TS 38.214 Section 5.1.6.5
<omitted text>
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 nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16. Each DL PRS resource set consists of K≥1 DL PRS resource(s) where each can have 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 nr-DL-PRS-PositioningFrequencyLayer-r16. A DL PRS positioning frequency layer is defined as a collection of DL PRS resource sets which have common parameters configured by nr-DL-PRS-PositioningFrequencyLayer-r16.
The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters nr-DL-PRS-PositioningFrequencyLayer-r16, nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16 defined by Clause 6.4.2.1 [17, TS 37.355].
<omitted text>



2.1. Rearrange the parameters for a positioning frequency layer 
In TS 37.355, the following three highlighted parameters are configured within the configuration of a positioning frequency layer. However, the description on these three parameters is in the part of PRS resource set.
NR-DL-PRS-PositioningFrequencyLayer-r16 ::= SEQUENCE {
	dl-PRS-SubcarrierSpacing-r16	ENUMERATED {kHz15, kHz30, kHz60, kHz120, ...},
	dl-PRS-ResourceBandwidth-r16	INTEGER (1..63),
	dl-PRS-StartPRB-r16				INTEGER (0..2176),
	dl-PRS-PointA-r16				ARFCN-ValueNR-r15,
	dl-PRS-CombSizeN-r16			ENUMERATED {n2, n4, n6, n12, ...},
	dl-PRS-CyclicPrefix-r16			ENUMERATED {normal, extended, ...},
	...
}

Thus, we give the following text proposal
	In TS 38.214  Section 5.1.6.5  
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 nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16. 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 nr-DL-PRS-PositioningFrequencyLayer-r16. A DL PRS positioning frequency layer is defined as a collection of DL PRS resource sets which have common parameters configured by nr-DL-PRS-PositioningFrequencyLayer-r16.
The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters nr-DL-PRS-PositioningFrequencyLayer-r16, nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16 defined by Clause 6.4.2.1 [17, TS 37.355].
A positioning frequency layer consists of one or more DL PRS resource sets and it is defined by Clause 6.4.2.1 [17, TS 37.355]:
-	dl-PRS-SubcarrierSpacing-r16 defines the subcarrier spacing for the DL PRS resource. All DL PRS resources and DL PRS resource sets in the same DL PRS positioning frequency layer have the same value of dl-PRS-SubcarrierSpacing-r16. The supported values of dl-PRS-SubcarrierSpacing-r16 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-r16 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 positioning frequency layer have a common Point A.
-	dl-PRS-CombSizeN-r16 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-r16.
-	dl-PRS-ResourceBandwidth-r16 defines the number of resource blocks configured for DL 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-r16.
-	dl-PRS-StartPRB-r16 defines the starting PRB index of the DL PRS resource with respect to reference Point A, where reference Point A is given by the higher-layer parameter dl-PRS-PointA-r16. 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 dl-PRS-StartPRB-r16.
The UE expects that it will be configured with dl-PRS-ID-r16 each of which is defined such that it is associated with multiple DL PRS resource sets from the same cell. The UE expects that one of these dl-PRS-ID-r16 along with a nr-DL-PRS-ResourceSetId-r16 and a nr-DL-PRS-ResourceId-r16 can be used to uniquely identify a DL PRS resource. 

A DL PRS resource set consists of one or more DL PRS resources and it is defined by Clause 6.4.2.1 [TS 37.355]:
-	nr-DL-PRS-ResourceSetId-r16 defines the identity of the DL PRS resource set configuration. 
[bookmark: _Hlk39646216]-	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing-r16=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0. All the DL PRS resources within one DL PRS resource set are configured with the same DL PRS resource periodicity. 
-	dl-PRS-ResourceRepetitionFactor-r16 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 resource repetition factor.
-	dl-PRS-ResourceTimeGap-r16 defines the offset in number of slots between two repeated instances of a DL PRS resource with the same nr-DL-PRS-ResourceSetId-r16 within a single instance of the DL PRS resource set. The UE only expects to be configured with dl-PRS-ResourceTimeGap-r16 if dl-PRS-ResourceRepetitionFactor-r16 is configured with value greater than 1. The time duration spanned by one instance of a nr-DL-PRS-ResourceSet-r16 is not expected to exceed the configured value of DL PRS periodicity. All the DL PRS resources within one resource set have the same value of dl-PRS-ResourceTimeGap-r16.
[bookmark: _Hlk42597774]-	dl-PRS-MutingOption1-r16 and dl-PRS-MutingOption2-r16 define the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. If mutingOption1 is configured, each bit in the bitmap of mutingOption1 corresponds to a configurable number provided by higher layer parameter dl-PRS-MutingBitRepetitionFactor-r16 of consecutive instances of a DL PRS resource set where all the DL PRS resources within the set are muted for the instance that is indicated to be muted. The length of the bitmap can be {2, 4, 6, 8, 16, 32} bits. If mutingOption2 is configured each bit in the bitmap of mutingOption2 corresponds to a single repetition index for each of the DL PRS resources within each instance of a nr-DL-PRS-ResourceSet-r16 and the length of the bitmap is equal to the values of dl-PRS-ResourceRepetitionFactor-r16. Both mutingOption1 and mutingOption2 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].
-	nr-DL-PRS-SFN0-Offset-r16 defines the time offset of the SFN0 slot 0 for the transmitting cell with respect to SFN0 slot 0 of reference cell. 
-	dl-PRS-CombSizeN-r16 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-r16.
-	dl-PRS-ResourceBandwidth-r16 defines the number of resource blocks configured for DL 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-r16.
-	dl-PRS-StartPRB-r16 defines the starting PRB index of the DL PRS resource with respect to reference Point A, where reference Point A is given by the higher-layer parameter dl-PRS-PointA-r16. 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 dl-PRS-StartPRB-r16.
<omitted text>



2.2. Rearrange the parameter for the configuration of a PRS resource set 
In TS 37.355, the following highlighted parameter is configured within the configuration of a PRS resource set. However, the description on this parameter is in the part of PRS resource.
NR-DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceSetID-r16			NR-DL-PRS-ResourceSetID-r16,
	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16
										NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16,
	dl-PRS-ResourceRepetitionFactor-r16	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																			OPTIONAL,	-- Need OP
	dl-PRS-ResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32, ...}
																			OPTIONAL, 	-- Cond Rep
	dl-PRS-NumSymbols-r16				ENUMERATED {n2, n4, n6, n12, ...},
	dl-PRS-MutingOption1-r16			DL-PRS-MutingOption1-r16			OPTIONAL,	-- Need OP
	dl-PRS-MutingOption2-r16			DL-PRS-MutingOption2-r16			OPTIONAL,	-- Need OP
	dl-PRS-ResourcePower-r16			INTEGER (-60..50),	
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResourcesPerSet-r16)) OF
																	NR-DL-PRS-Resource-r16,
	...
}

Thus, we give the following text proposal
	In TS 38.214  Section 5.1.6.5  
<omitted text>

A DL PRS resource set consists of one or more DL PRS resources and it is defined by Clause 6.4.2.1 [TS 37.355]:
-	dl-PRS-ResourceList-r16 determines the DL PRS resources that are contained within one DL PRS resource set. 
-	nr-DL-PRS-ResourceSetId-r16 defines the identity of the DL PRS resource set configuration. 
-	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing-r16=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0. All the DL PRS resources within one DL PRS resource set are configured with the same DL PRS resource periodicity. 
-	dl-PRS-ResourceRepetitionFactor-r16 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 resource repetition factor.
-	dl-PRS-ResourceTimeGap-r16 defines the offset in number of slots between two repeated instances of a DL PRS resource with the same nr-DL-PRS-ResourceSetId-r16 within a single instance of the DL PRS resource set. The UE only expects to be configured with dl-PRS-ResourceTimeGap-r16 if dl-PRS-ResourceRepetitionFactor-r16 is configured with value greater than 1. The time duration spanned by one instance of a nr-DL-PRS-ResourceSet-r16 is not expected to exceed the configured value of DL PRS periodicity. All the DL PRS resources within one resource set have the same value of dl-PRS-ResourceTimeGap-r16.
-	dl-PRS-MutingOption1-r16 and dl-PRS-MutingOption2-r16 define the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. If mutingOption1 is configured, each bit in the bitmap of mutingOption1 corresponds to a configurable number provided by higher layer parameter dl-PRS-MutingBitRepetitionFactor-r16 of consecutive instances of a DL PRS resource set where all the DL PRS resources within the set are muted for the instance that is indicated to be muted. The length of the bitmap can be {2, 4, 6, 8, 16, 32} bits. If mutingOption2 is configured each bit in the bitmap of mutingOption2 corresponds to a single repetition index for each of the DL PRS resources within each instance of a nr-DL-PRS-ResourceSet-r16 and the length of the bitmap is equal to the values of dl-PRS-ResourceRepetitionFactor-r16. Both mutingOption1 and mutingOption2 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].
-	nr-DL-PRS-SFN0-Offset-r16 defines the time offset of the SFN0 slot 0 for the transmitting cell with respect to SFN0 slot 0 of reference cell. 
-	dl-PRS-CombSizeN-r16 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-r16.
-	dl-PRS-ResourceBandwidth-r16 defines the number of resource blocks configured for DL 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-r16.
-	dl-PRS-StartPRB-r16 defines the starting PRB index of the DL PRS resource with respect to reference Point A, where reference Point A is given by the higher-layer parameter dl-PRS-PointA-r16. 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 dl-PRS-StartPRB-r16.
A DL PRS resource is defined by:
-	dl-PRS-ResourceList-r16 determines the DL PRS resources that are contained within one DL PRS resource set. 
-	nr-DL-PRS-ResourceId-r16 determines the DL PRS resource configuration identity. All DL PRS resource IDs are locally defined within a DL PRS resource set.
<omitted text>



2.3. Clarify the same SSB 
If the DL PRS is configured as both 'QCL-Type-C' and 'QCL-Type-D' with SS/PBCH Block, the SS/PBCH block should be the same one. However, the same value of SS/PBCH block index cannot ensure the same SSB/PBCH block since the SS/PBCH blocks from different cells may have the same SS/PBCH block index.  
In order to ensure the same SS/PBCH block, we propose the following text proposal 
	In TS 38.214  Section 5.1.6.5  
<omitted text>
A DL PRS resource is defined by:
-	dl-PRS-ResourceList-r16 determines the DL PRS resources that are contained within one DL PRS resource set. 
-	nr-DL-PRS-ResourceId-r16 determines the DL PRS resource configuration identity. All DL PRS resource IDs are locally defined within a DL PRS resource set.
-	dl-PRS-SequenceId-r16 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-CombSizeN-and-ReOffset-r16 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-r16 determines the starting slot of the DL PRS resource with respect to corresponding DL PRS resource set slot offset
-	dl-PRS-ResourceSymbolOffset-r16 determines the starting symbol of a slot configured with the DL PRS resource. 
-	dl-PRS-NumSymbols-r16 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-r16 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 a SS/PBCH Block then the SSB index indicated should be the same and should be from the same cell.
<omitted text>



2.4. Capture the existing agreement 
There was an agreement as below, which is not captured in the spec TS 38.214 correctly. The condition (highlighted by Yellow) is for the case of different DL PRS resource ID(s) in the agreement. However, the conditioned is misplaced for the case of a different DL PRS resource set.
	Agreement:
The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference



The following gives the corresponding text proposal.
	In TS 38.214  Section 5.1.6.5
<omitted text>
The UE may be indicated by the network that a DL PRS resources can be used as the reference for the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements in a higher layer parameter nr-DL-PRS-ReferenceInfo-r16. The reference indicated by the network to the UE can also be used by the UE to determine how to apply higher layer parameters nr-DL-PRS-expectedRSTD-r16 and nr-DL-PRS-expectedRSTD-uncerainty-r16. The UE expects the reference to be indicated whenever it is expected to receive the DL PRS. This reference provided by nr-DL-PRS-ReferenceInfo-r16 may include an dl-PRS-ID-r16, a DL PRS resource set ID, and optionally a single DL PRS resource ID or a list of DL PRS resource IDs. The UE may use different DL PRS resources measurement 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 for the RSTD measurement as 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 than indicated by the network, then it is expected to report the dl-PRS-ID-r16, the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the reference. 
<omitted text>



2.5. Replace cell by TRP

In the discussion of positioning, many constraints or UE capability (e.g. Max number of DL PRS RSRP measurements on different PRS resources from the same TRP supported by the UE) are defined regarding to a TRP rather than a cell. Thus, we need to change the cell to be dl-PRS-ID-r16 which represents a TRP

The following gives the corresponding text proposal.
	In TS 38.214 Section 5.1.6.5

[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292]5.1.6.5	PRS reception procedure
<omitted text>
The UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of cells dl-PRS-ID-r16 with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the DL PRS configured for those cells. The up to 4 measurements being performed on the same pair of cells dl-PRS-ID-r16 and all DL RSTD measurements in the same report use a single reference timing. 
The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS RSRP measurements on different DL PRS resources from the same cell associated with the same dl-PRS-ID-r16. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set..
The UE may be configured to measure and report, subject to UE capability, up to 4 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 different positioning frequency layers. 
The UE may be configured to measure and report, subject to UE capability, the timing and the quality metrics of up to 2 additional detected paths that are associated with each RSTD or UE Rx – Tx time difference. The timing of each additional path is reported relative to the path timing used for determining nr-RSTD-r16 or nr-UE-RxTxTimeDiff-r16.
If the UE is configured with dl-PRS-QCL-Info-r16 and the QCL relation is between two DL PRS resources, then the UE assumes those DL PRS resources are from the same cell associated with the same dl-PRS-ID-r16. If dl-PRS-QCL-Info-r16 is configured to the UE with 'QCL-Type-D' with a source DL-PRS-Resource then the nr-DL-PRS-ResourceSetId-r16 and the nr-DL-PRS-ResourceId-r16 of the source DL PRS resource are expected to be indicated to the UE.
UE is not expected to process DL PRS without configuration of measurement gap.
<omitted text>



3. Conclusion
In this contribution, we discussed some remaining issues on PRS and give the corresponding text proposals.
4. Reference

[1] TS 38.214, NR; Physical layer procedures for data
TS 37.355, LTE Positioning Protocol (LPP)
