3GPP TSG RAN WG1 #100bis								R1-2002095
E-meeting, April 20th – 30th, 2020

Source:	CATT
Title:	Remaining issues on DL PRS for NR Positioning
Agenda item:	7.2.8.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
Most of the issues for Rel-16 NR Positioning Support WI were resolved. In this contribution, we discuss some remaining issues on DL PRS for NR positioning.

Discussion of DL PRS Muting
About DL PRS muting, we have the following requirements defined in Subclause 7.4.1.7.4 of TS 38.211 [1], where it assumes there are two bitmaps:   and   in  higher-layer parameter DL-PRS-MutingPattern. At the time when the requirements were written, RAN2 is still working on the details on the higher-layer parameter DL-PRS-MutingPattern, and it is unclear which parameters in DL-PRS-MutingPattern define the bitmaps   and . 
RAN2 has now defined the paramere NR-DL-PRS-ResourceSet in TS 37.355[2], in which the high-layer paramere dl-PRS-MutingPatternList is defined for supporting DL PRS Muting:
NR-DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16,
	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16-r16	NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16,

	dl-PRS-ResourceRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n6, n8, n16, n32, ...},
	dl-PRS-ResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32, ...},
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResourcesPerSet)) OF NR-DL-PRS-Resource-r16,
	dl-PRS-NumSymbols-r16				ENUMERATED {n2, n4, n6, n12, ...},	
	dl-PRS-MutingPatternList-r16		SEQUENCE {
		mutingOption1-r16					SEQUENCE {
			mutingPattern-r16					MutingPattern-r16,
			dl-PRS-MutingBitRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n8, ...}	OPTIONAL	--Need OR
		},	
		mutingOption2-r16					SEQUENCE {
			mutingPattern-r16					MutingPattern-r16
		}
	},
	dl-PRS-ResourcePower-r16			INTEGER (-60..50),	
	...
}

MutingPattern-r16 ::= CHOICE {
			po2-r16								BIT STRING (SIZE(2)),
			po4-r16								BIT STRING (SIZE(4)),
			po6-r16								BIT STRING (SIZE(6)),
			po8-r16								BIT STRING (SIZE(8)),
			po16-r16							BIT STRING (SIZE(16)),
			po32-r16							BIT STRING (SIZE(32)),
			...
}
	
As shown above, the parameter dl-PRS-MutingPatternList in TS 37.355[2] includes two parameters:  mutingOption1 and mutingOption2, and each contains a muting bitsmpa mutingPattern. It is our understanding that the mutingPattern in mutingOption1 and the mutingPattern in mutingOption2 correspond, respectively, the bitmaps  and  in above requirements of TS 38.211. Thus, we have the following proposal.
[bookmark: p1]Proposal 1: Aadopt the following TP to clarify that the bitmaps  and   in Section 7.4.1.7.4 of TS 38.211 are defined, respectively, by the mutingPattern in the high-layer parameter mutingOption1 and the mutingPattern in the high-layer parameter mutingOption2.

	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  is provided by mutingOption1 in DL-PRS-MutingPattern but not bitmap  is not provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  is provided by mutingOption2 in DL-PRS-MutingPattern but not bitmap  is not provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and both bitmaps  and  are provided, and both bit  and  are set.
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].




Besides, the requirements  of Section 7.4.1.7.4 of TS 38.211 are defined in a structure based on the conditions of whether the higher-layer parameter DL-PRS-MutingPattern is provided, as follows:
	-	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;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  but not bitmap  is provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and both bitmaps  and  are provided, and both bit  and  are set.


 
However, the parameter dl-PRS-MutingPatternList in the IE NR-DL-PRS-ResourceSet is not an optional parameter in TS 37.355 [2] and nor in the parameter list provided by RAN1 to RAN2 [4]. Given that the parameter dl-PRS-MutingPatternList is not optional, the condition that the higher-layer parameter DL-PRS-MutingPattern is not provided may not take place. 
[bookmark: p2]Observation 1: The scenario that “the higher-layer parameter DL-PRS-MutingPattern is not provided” may not exist, because the higher-layer parameter dl-PRS-MutingPatternList in TS 37.355 is not an optional parameter.
Proposal 2: Either remove the condition “the higher-layer parameter DL-PRS-MutingPattern is not provided” in TS 38.211, or inform RAN2 that DL-PRS-MutingPattern is an optional parameter.

In Section 5.1.6.5 “PRS reception procedure” of TS 38.213, the following description is provided to the parameter  DL-PRS-MutingPattern:
	-	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, 6, 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 provided by higher layer parameter DL-PRS.MutingBitRepetitionFactor 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].



The above description may provide a wrong impression that  DL-PRS-MutingPattern defines only one bitmap that has different meanings for the two options. However, from the IE structure of the dl-PRS-MutingPatternList, it is clear that DL-PRS-MutingPatternList contains two seperate bitmaps (mutingPatterns): one for mutingOption1 and the other for mutingOption2. The two bitmaps can be configured independently. In addition, they can have different lengths. For Option 1, the The bitmap size can be {2, 4, 6, 8, 16, 32} bits long. For Option 2, the length has to be the same as DL-PRS-ResourceRepetitionFactor.
dl-PRS-MutingPatternList-r16		SEQUENCE {
		mutingOption1-r16					SEQUENCE {
			mutingPattern-r16					MutingPattern-r16,
			dl-PRS-MutingBitRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n8, ...}	OPTIONAL	--Need OR
		},	
		mutingOption2-r16					SEQUENCE {
			mutingPattern-r16					MutingPattern-r16
		}
	},

Therefore, we propose to make the following changes for the correction.
[bookmark: p3]Proposal 3: Adopt the following TP for Section 5.1.6.5 of  TS 38.214.
	5.1.6.5	PRS reception procedure
< Unchanged parts are omitted >
-	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, 6, 8, 16, 32} bits long. The bitmap It has two options for applicability. If mutingOption1 is configured, In the first option each bit in the mutingPattern of mutingOption1bitmap corresponds to a configurable number provided by higher layer parameter DL-PRS-.MutingBitRepetitionFactor 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. The mutingPattern can be {2, 4, 6, 8, 16, 32} bits long. If mutingOption2 is configured, each bit of the mutingPattern of mutingOption2 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 mutingPattern bitmap is equal to DL-PRS-ResourceRepetitionFactor. Both mutingOption1 options  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].
< Unchanged parts are omitted >



From RAN2’s definition of NR-DL-PRS-ResourceSet in TS 37.355[2] and the requirements defined in TS 38.211 [1], it can be seen that different names are used for some DL PRS parameters. Some of them are listed in Table 1.
[bookmark: p4]Observation 2: Different names are used in TS 38.211[1] and TS 37.355[2] for some DL PRS parameters. Suggest making changes in TS 38.211 for the names of the DL PRS parameters shown in Table 1  to be aligned  with the names in TS 37.355.
Table 1.  Different names of high-layer parameters of DL PRS in TS 38.211 and TS 37.355
	Parameter Names in TS 38.211
	Parameter Names in TS 37.355

	DL-PRS-MutingPattern
	dl-PRS-MutingPatternList

	DL-PRS-ResourceSetSlotOffset
	dl-PRS-ResourceSlotOffset

	DL-PRS-ResourceSlotOffset
	dl-PRS-Periodicity-and-ResourceSetSlotOffset

	DL-PRS-Periodicity
	dl-PRS-Periodicity-and-ResourceSetSlotOffset

	DL-PRS-ResourceRepetitionFactor
	dl-PRS-ResourceRepetitionFactor

	DL-PRS-MutingBitRepetitionFactor
	dl-PRS-MutingBitRepetitionFactor

	DL-PRS-ResourceTimeGap
	dl-PRS-ResourceTimeGap



DL PRS Processing Capability
Note: Some of the discussions of this section are also presented to AI 7.2.11.8 for UE features of NR positioning. It will be up to AI moderators to decide which AI will discuss the details on the  DL PRS Processing Capability.  
For UE DL PRS processing capability, the following agreements were made in RAN1#99:
	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.



For UE DL PRS processing capability, the following agreements were made in RAN1#100-e:
	Agreement:
· UE DL PRS processing capability is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE
· UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
· FFS values of maximum DL PRS bandwidth in MHz for UE DL PRS processing capability report
· FFS if UE DL PRS processing capability is scaled inversely proportional to DL PRS processing bandwidth
· Note: this overrides the 272 RB assumption in the previous RAN1 agreement.

Agreement:
· UE DL PRS processing capability is signaled per band
· FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
· FFS if reported values of T are the same across bands within a FR or across FRs
Agreement:
· UE DL PRS processing capability is defined for a single positioning frequency layer
Agreement:
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration



During the email discussion of  Rel-16 NR UE featureError! Reference source not found., a list of feature groups and components related to NR positioning are proposed, including the proposed UE DL PRS Processing Capability of RSRP and RSTD, as shown in the left column of the following table. In the following, we provide our views on the features and the parameters.
Table 2.  UE DL PRS Processing Capability
	UE DL PRS Processing Capability proposed in Error! Reference source not found.
	CATT’s Comments

	-------------- UE DL PRS Processing Capability of RSRP for DL AoD -------------

1. Maximum DL PRS bandwidth in MHz, supported by UE. Values = [20, 50, 100, 200, 400] in MHz

1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. Values for T = [0.125, 0.25, 0.5, 1, 40, 80, 160, 320, 640, 1280] ms
Notes:
1. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
1. UE DL PRS processing capability is defined for a single positioning frequency layer
1. UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
1. FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
1. FFS if reported values of T are the same across bands within a FR or across FRs
1. FFS cases w/ and w/o configuration of measurement gap

1. Max number of positioning frequency layers supported by UE for DL PRS RSRP measurement report. Values = {1, [2, 3], 4}

1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE for DL PRS RSRP measurement report. Values = {1,2}

1. Max number of DL PRS Resources per DL PRS Resource Set a UE can be configured for DL PRS RSRP measurement report
Values = [1, 4, 8, 16, 32, 64]

1. Max number of DL PRS Resources supported by UE for DL PRS RSRP measurement report across all frequency layers, TRPs and DL PRS Resource Sets. Values = [64, 128, 192, 256, 512, 1024, 2048]

1. Max number of TRPs across all positioning frequency layers per UE for DL PRS RSRP measurement report. Values = [16, 32, 64, 128, 256]

1. Max number of DL PRS Resources per positioning frequency layer for DL PRS RSRP measurement report. Values = [32, 64, 128, 256, 512, 1024]

1. [Max number of DL PRS resources per TRP across all frequency layers. Value set: {4,8,16,32,64,128}]

	-------------- UE DL PRS Processing Capability of RSRP for DL AoD -------------

Component 1: support. 

Component 2: We suggest T be the same values of DL PRS transmission periods. For example, it is unclear for us how the network (LMF) can use the T values when it is smaller than the DL PRS transmission period. With the values of T being the values of DL PRS cycles, the LMF will know whether the UE can process the DLPRS with the configured DL PRS period. 

In addition, we propose: 
· For the duration of DL PRS symbol in units of ms a UE can process every T ms, we suggest the values of T to be the same set of the values of DL PRS transmission periods.
· UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS;
· The reported values of T can be per band, e.g., different for different bands.
· The processing capability is independent of the configuration of the measurement gap.

Components 3 - 6: Support

Component  7, we don’t see the need to measure RSRP from 256 TRPs.

Component  8, we don’t see the need for UE to measure 1024 RSRP in one frequency layer. 

Component  9, we don’t see the need for UE to measure 128 DL PRS resources in one TRP.

Component  10, we don’t see the need for the granularity of capability. Suggest Values = {1, 2, 3, 4, 5, 6, 7, 8}

Component  11: Support

Components  12, 14, 16: Support. 

Components  13, 15, 17: Support. Suggest adding the clarification “from the same neighbour cells”.


	-------------- UE DL PRS Processing Capability of RSTD for DL-TDOA ----------

1. Maximum DL PRS bandwidth in MHz, supported by UE. Values = [20, 50, 100, 200, 400] in MHz

1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. Values for T = [0.125, 0.25, 0.5, 1, 40, 80, 160, 320, 640, 1280] ms
Notes:
1. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
1. UE DL PRS processing capability is defined for a single positioning frequency layer
1. UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
1. FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
1. FFS if reported values of T are the same across bands within a FR or across FRs
1. FFS cases w/ and w/o configuration of measurement gap

1. Max number of positioning frequency layers supported by UE for DL RSTD measurement report Values = {1, [2, 3], 4}

1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE for DL RSTD measurement report. Values = {1, 2}

1. Max number of DL PRS Resources per DL PRS Resource Set a UE can be configured for DL RSTD measurement report. Values = [1, 4, 8, 16, 32, 64]

1. Max number of DL PRS Resources supported by UE for DL RSTD measurement report across all frequency layers, TRPs and DL PRS Resource Sets. Values = [64, 128, 192, 256, 512, 1024, 2048]

1. Max number of TRPs across all positioning frequency layers per UE for DL RSTD measurement report. Values = [16, 32, 64, 96, 128, 256]

1. Max number of DL PRS Resources per positioning frequency layer for DL RSTD measurement report. Values = [32, 64, 128, 256, 512, 1024]

1. [Max number of DL PRS resources per TRP across all frequency layers. Value set: {4,8,16,32,64,128}]

	-------------- UE DL PRS Processing Capability of RSTD for DL-TDOA ----------

Component 1: support. 

Component 2: We suggest T to be the same values of DL PRS transmission periods. For example, it is unclear for us how the network (LMF) can use the T values when it is smaller than the DL PRS transmission period. With the values of T being the values of DL PRS cycles, the LMF will know whether the UE can process the DLPRS with the configured DL PRS period. 

In addition, we propose: 
· For the duration of DL PRS symbol in units of ms a UE can process every T ms, we suggest the values of T to be the same set of the values of DL PRS transmission periods.
· UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS;
· The reported values of T can be per band, e.g., different for different bands.
· The processing capability is independent of the configuration of the measurement gap.

Components 3 - 6: Support

Component  7, we don’t see the need to measure RSTD from 256 TRPs.

Component  8, we don’t see the need for UE to measure 1024 RSRP in one frequency layer. 

Component  9, we don’t see the need for UE to measure 128 DL PRS resources in one TRP.

Components  10, 11, 12, 14, 16, 18: Support

Components  13, 15, 17: Support, but add the clarification “from the same neighbour cells”.




[bookmark: p5]Proposal 4: For UE DL PRS Processing Capability of RSTD and RSTD, we propose:
· For the duration of DL PRS symbol in units of ms a UE can process every T ms, we suggest the values of T to be the same set of the values of DL PRS transmission periods.
· UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS;
· The reported values of T can be per band, e.g., different for different bands.
· The processing capability is independent of the configuration of the measurement gap.
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Conclusion
In this contribution, we discussed some remaining issues on DL PRS for NR positioning. From the discussion, we have the following observations and proposal:
Proposal 1: Aadopt the following TP to clarify that the bitmaps  and   in Section 7.4.1.7.4 of TS 38.211 are defined, respectively, by the mutingPattern in the high-layer parameter mutingOption1 and the mutingPattern in the high-layer parameter mutingOption2.

	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  is provided by mutingOption1 in DL-PRS-MutingPattern but not bitmap  is not provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  is provided by mutingOption2 in DL-PRS-MutingPattern but not bitmap  is not provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and both bitmaps  and  are provided, and both bit  and  are set.
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].



Observation 1: The scenario that “the higher-layer parameter DL-PRS-MutingPattern is not provided” may not exist, because the higher-layer parameter dl-PRS-MutingPatternList in TS 37.355 is not an optional parameter.
Proposal 2: Either remove the condition “the higher-layer parameter DL-PRS-MutingPattern is not provided” in TS 38.211, or inform RAN2 that DL-PRS-MutingPattern is an optional parameter.
Proposal 3: Adopt the following TP for Section 5.1.6.5 of  TS 38.214.
	5.1.6.5	PRS reception procedure
< Unchanged parts are omitted >
-	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, 6, 8, 16, 32} bits long. The bitmap It has two options for applicability. If mutingOption1 is configured, In the first option each bit in the mutingPattern of mutingOption1bitmap corresponds to a configurable number provided by higher layer parameter DL-PRS-MutingBitRepetitionFactor 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. The mutingPattern can be {2, 4, 6, 8, 16, 32} bits long. If mutingOption2 is configured, each bit of the mutingPattern of mutingOption2 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 mutingPattern bitmap is equal to DL-PRS-ResourceRepetitionFactor. Both mutingOption1 options  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].
< Unchanged parts are omitted >


Observation 2: Different names are used in TS 38.211[1] and TS 37.355[2] for some DL PRS parameters. Suggest making changes in TS 38.211 for the names of the DL PRS parameters shown in Table 1  to be aligned  with the names in TS 37.355.
Table 1.  Different names of high-layer parameters of DL PRS in TS 38.211 and TS 37.355
	Parameter Names in TS 38.211
	Parameter Names in TS 37.355

	DL-PRS-MutingPattern
	dl-PRS-MutingPatternList

	DL-PRS-ResourceSetSlotOffset
	dl-PRS-ResourceSlotOffset

	DL-PRS-ResourceSlotOffset
	dl-PRS-Periodicity-and-ResourceSetSlotOffset

	DL-PRS-Periodicity
	dl-PRS-Periodicity-and-ResourceSetSlotOffset

	DL-PRS-ResourceRepetitionFactor
	dl-PRS-ResourceRepetitionFactor

	DL-PRS-MutingBitRepetitionFactor
	dl-PRS-MutingBitRepetitionFactor

	DL-PRS-ResourceTimeGap
	dl-PRS-ResourceTimeGap



Proposal 4: For UE DL PRS Processing Capability of RSTD and RSTD, we propose:
· For the duration of DL PRS symbol in units of ms a UE can process every T ms, we suggest the values of T to be the same set of the values of DL PRS transmission periods.
· UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS;
· The reported values of T can be per band, e.g., different for different bands.
· The processing capability is independent of the configuration of the measurement gap.
[bookmark: _GoBack]
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Appendix UE Feature List for NR Positioning Error! Reference source not found.Error! Reference source not found.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	13a. NR E-CID
	13a-1
	NR E-CID DL SSB RRM measurements for NR Positioning
	Prerequisite – support of SSB measurements for RRM (SS-RSRP, SS-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of SSB RRM measurements (SS-RSRP, SS-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Note: No new UE capability is assumed on top of the R15 capabilities.
	[FG 1-1]
	[No]
	NA
	UE signalling to facilitate E-CID NR Positining is not supported
	TBD
	[No]
	
	
	
	Optional with capability signaling

	
	13a-2
	NR E-CID DL CSI-RS RRM measurements for NR Positioning
	Prerequisite – support CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) for NR Positioning in Rel.16

Note: No new UE capability is assumed on top of the R15 capabilities.
	[FG 1-4
FG1-5]
	[No]
	NA
	UE CSI-RS for RRM measurements and signalling to facilitate E-CID NR Positining are not supported
	TBD
	[No]
	
	
	
	Optional with capability signaling

	13b. NR DL AoD
	13b-1
	Reception of DL PRS and UE measurement reporting to facilitate NR DL AoD support
	-------------- UE DL PRS Processing Capability of RSRP for DL AoD -------------

1. Maximum DL PRS bandwidth in MHz, supported by UE. Values = [20, 50, 100, 200, 400] in MHz

1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. Values for T = [0.125, 0.25, 0.5, 1, 40, 80, 160, 320, 640, 1280] ms
Notes:
10. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
10. UE DL PRS processing capability is defined for a single positioning frequency layer
10. UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
10. FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
10. FFS if reported values of T are the same across bands within a FR or across FRs
10. FFS cases w/ and w/o configuration of measurement gap

1. Max number of positioning frequency layers supported by UE for DL PRS RSRP measurement report. Values = {1, [2, 3], 4}

1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE for DL PRS RSRP measurement report. Values = {1,2}

1. Max number of DL PRS Resources per DL PRS Resource Set a UE can be configured for DL PRS RSRP measurement report
Values = [1, 4, 8, 16, 32, 64]

1. Max number of DL PRS Resources supported by UE for DL PRS RSRP measurement report across all frequency layers, TRPs and DL PRS Resource Sets. Values = [64, 128, 192, 256, 512, 1024, 2048]

1. Max number of TRPs across all positioning frequency layers per UE for DL PRS RSRP measurement report. Values = [16, 32, 64, 128, 256]

1. Max number of DL PRS Resources per positioning frequency layer for DL PRS RSRP measurement report. Values = [32, 64, 128, 256, 512, 1024]

1. [Max number of DL PRS resources per TRP across all frequency layers. Value set: {4,8,16,32,64,128}]

------- UE DL PRS RSRP Measurement Reporting Capability for DL-AoD -------

1. Max number of DL PRS RSRP measurements on different PRS resources from the same TRP supported by the UE Values = {1, 2, 3, 4, 5, 6, 7, 8}

1. Support of inter-frequency DL PRS RSRP measurement report in RRC_CONNECTED state

1. [Support of SSB from serving cell as QCL Type C source of a DL PRS resource from serving cell]

1. [Support of SSB from neighbor cells as QCL Type C source of a DL PRS resource from neighbor cells]

1. [Support of SSB from serving cell as QCL Type D source of a DL PRS resource from serving cell]

1. [Support of SSB from neighbor cells as QCL Type D source of a DL PRS resource from neighbour cells]

1. [Support of a DL PRS resource from serving cell as QCL Type D source of another DL PRS resource from serving cell]

1. [Support of a DL PRS resource from neighbour cells as QCL Type D source of another DL PRS resource from neighbour cells]

	
	[No]
	NA
	UE measurements and signalling to facilitate DL-AoD NR Positining are not supported
	TBD
	[No]
	
	
	
	Optional with capability signaling

	13c. NR DL-TDOA
	13c-1
	Reception of DL PRS and UE measurement reporting to facilitate NR DL-TDOA support
	-------------- UE DL PRS Processing Capability of RSTD for DL-TDOA ----------

1. Maximum DL PRS bandwidth in MHz, supported by UE. Values = [20, 50, 100, 200, 400] in MHz

1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. Values for T = [0.125, 0.25, 0.5, 1, 40, 80, 160, 320, 640, 1280] ms
Notes:
10. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
10. UE DL PRS processing capability is defined for a single positioning frequency layer
10. UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
10. FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
10. FFS if reported values of T are the same across bands within a FR or across FRs
10. FFS cases w/ and w/o configuration of measurement gap

1. Max number of positioning frequency layers supported by UE for DL RSTD measurement report Values = {1, [2, 3], 4}

1. Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE for DL RSTD measurement report. Values = {1, 2}

1. Max number of DL PRS Resources per DL PRS Resource Set a UE can be configured for DL RSTD measurement report. Values = [1, 4, 8, 16, 32, 64]

1. Max number of DL PRS Resources supported by UE for DL RSTD measurement report across all frequency layers, TRPs and DL PRS Resource Sets. Values = [64, 128, 192, 256, 512, 1024, 2048]

1. Max number of TRPs across all positioning frequency layers per UE for DL RSTD measurement report. Values = [16, 32, 64, 96, 128, 256]

1. Max number of DL PRS Resources per positioning frequency layer for DL RSTD measurement report. Values = [32, 64, 128, 256, 512, 1024]

1. [Max number of DL PRS resources per TRP across all frequency layers. Value set: {4,8,16,32,64,128}]

----------UE DL RSTD Measurement Reporting Capability for DL-TDOA ----------

1. Max number of DL RSTD measurements per pair of TRPs. Values = {1, 2, 3, 4}. 
Note: This is a max number of DL RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets. All the RSTD measurements in a single report should have a single reference timing.

1. Support of inter-frequency DL RSTD measurement report in RRC_CONNECTED state

1. [Support of SSB from serving cell as QCL Type C source of a DL PRS resource]

1. [Support of SSB from neighbor cells as QCL Type C source of a DL PRS resource]

1. [Support of SSB from serving cell as QCL Type D source of a DL PRS resource]

1. [Support of SSB from neighbor cells as QCL Type D source of a DL PRS resource]

1. [Support of a DL PRS resource from serving cell as QCL Type D source of another DL PRS resource from serving cell]

1. [Support of a DL PRS resource from neighbor cells as QCL Type D source of another DL PRS resource from neighbor cells]

1. [Support of DL RSTD measurement quality metric]

	[13b]
	[No]
	NA
	UE measurements and signalling to facilitate DL-TDOA NR Positionign are not supported
	TBD
	[No]
	
	
	
	Optional with capability signaling

	13d. NR SRS for positioning
	13d-1
	Transmission of SRS for positioning
	1. Max number of SRS Resource Sets for positioning supported by UE per BWP. Values = {1, 16}. Other values FFS

1. Max number of aperiodic SRS Resources for positioning supported by UE across all SRS Resource Sets per BWP. Values = {64}, Other values FFS.

1. Max number of semi-persistent SRS Resources for positioning supported by UE across all SRS Resource Sets per BWP. Values = {64}, Other values FFS.

1. Max number of periodic SRS Resources for positioning supported by UE across all SRS Resource Sets per BWP. Values = {64}, Other values FFS.

1. Support of SSB for serving cell DL pathloss estimation and OLPC for SRS for positioning.

1. Support of SSB for neighbour cell(s) DL pathloss estimation and OLPC for SRS for positioning.

1. Support of DL PRS for serving cell DL pathloss estimation and OLPC for SRS for positioning. 

1. Support of DL PRS for neighbour cell(s) DL pathloss estimation and OLPC for SRS for positioning.

1. Max number of pathloss estimates across all SRS resource sets for positioning in addition to the up to four pathloss estimates per serving cell specified for PUSCH/PUCCH/SRS transmission. It is indicated from the following set of values {0, [1], 4, 8, 16}

1. Spatial relation of SRS Resources for positioning with DL PRS Resources from serving cell

1. Spatial relation of SRS Resources for positioning with DL PRS Resources from neighbour cells

1. Spatial relation of SRS Resources for positioning with SSB from serving cell

1. Spatial relation of SRS Resources for positioning with SSB from neighbour cells 

1. Spatial Relation of SRS Resources for positioning with other SRS resources 

1. [Max number of active spatial relations including both DL PRS Resources and SSB. Values = [FFS]]

	
	[Yes]
	NA
	UE signaling to facilitate UL-TDOA and multi_RTT NR positioning is not supported
	TBD
	[No]
	
	
	
	Optional with capability signaling

	13e. NR Multi-RTT
	13e-1
	Reception of DL PRS and transmission of SRS for positioning to facilitate NR Multi-RTT support
	------------UE Rx-Tx Measurement Reporting Capability for Multi-RTT------------

1. Support of UE Rx-Tx time difference measurement with serving cell

1. Support of UE Rx-Tx time difference measurement with neighbouring cells

1. Support of UE Rx-Tx time difference measurements across different positioning frequency layers for DL PRS processing
Note: Covers scenario when DL PRS are processed across different DL PRS frequency layers associated with a given component carrier used for SRS for positioning

1. Max number of UE Rx – Tx time difference measurements per TRP DL PRS Resource Set/Resource
Note: A UE can be configured to report multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set. The DL PRS resource/resource sets can be in different positioning frequency layers

1. [Support of UE Rx-Tx time difference measurement quality metric]

1. [Support of UE Rx-Tx time difference measurements across different component carriers for SRS for positioning.
Note: Covers scenario when SRS for positioning is transmitted in different component carriers than the component carrier to which DL PRS is configured]

	[13c, 
13d]
	[Yes]
	NA
	UE measurements and signalling to facilitate Multi-RTT NR Positioning are not supported
	TBD
	[No]
	
	
	
	Optional with capability signaling

	
	
	
	
	
	
	
	
	
	
	
	
	
	



