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Introduction
In this contribution, we discuss some remaining issues on DL PRS for NR positioning.

Discussion of DL PRS
The following TP was agreed in RAN1#100bis-e for DL PRS:
	Agreement:
The following text proposal for TS 38.211 is agreed.
--------------- Begin TP -------------------
7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
-	the symbol  is not used by any SS/PBCH block used by the serving cell for downlink PRS transmitted from the serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a the same non-serving cell;
----------------- End TP ---------------------------



The above agreement has considered the case when there are only one serving cell and multiple neighboring cells, but not the case when there is more than one serving cell. Thus, we propose to make the following clarification for the case when there is more than one serving cell.
[bookmark: r1]Proposal 1: 
· Adopt the following TP for TS 38.211
	[bookmark: _Toc29230406][bookmark: _Toc36026665]7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
[…]
-	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 a serving cell for downlink PRS transmitted from the same serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter ssb-PositionsInBurst-r16 for downlink PRS transmitted from the same non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
[…]




The following 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:
	[bookmark: _Toc29230407][bookmark: _Toc36026666]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-MutingPatternList-r16 is not provided;
-	the higher-layer parameter mutingOption1-r16 is provided with bitmap  but not mutingOption2-r16 with bitmap  is provided, and bit  is set;
-	the higher-layer parameter mutingOption2-r16 is provided with bitmap  but not mutingOption1-r16 with bitmap  is provided, and bit  is set;
-	the higher-layer parameters mutingOption1-r16 with bitmap  and mutingOption2-r16 with  are both provided, and both bit  and  are set.



 
However, the parameter dl-PRS-MutingPatternList-r16 in the IE NR-DL-PRS-ResourceSet is not an optional parameter in TS 37.355 [3]. If 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. Therefore, there is a need to inform RAN2 that dl-PRS-MutingPatternList-r16 is not an optional parameter.
[bookmark: p2]Observation 1: The scenario that “the higher-layer parameter dl-PRS-MutingPatternList-r16 is not provided” does not exist, because the higher-layer parameter dl-PRS-MutingPatternList-r16 in TS 37.355 is not an optional parameter.
Proposal 2: 
· Inform RAN2 that dl-PRS-MutingPatternList-r16 is optional

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-MutingPatternList-r16 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-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. 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 nr-DL-PRS-ResourceSet-r16 and the length of the bitmap is equal to the values of dl-PRS-ResourceRepetitionFactor-r16. 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-MutingPatternList-r16 only defines one bitmap that has different meanings for the different options. However, from the IE structure of the dl-PRS-MutingPatternList, it is clear that DL-PRS-MutingPatternList contains two individual bitmaps (mutingPatterns): one for mutingOption1 and the other for mutingOption2. The two bitmaps can be configured independently with different lengths, e.g., for option 1, the length of the bitmap can be {2, 4, 6, 8, 16, 32} bits, while for Option 2, the length of the bitmap should be the same as dl-PRS-ResourceRepetitionFactor-r16. 
[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
[…]
-	dl-PRS-MutingPatternList-r16 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. If mutingOption1 is configured , In the first option 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 In the second option 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 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 Processing Capability
In RAN1#101bis-e, the following agreements were made on UE’s capability
	Agreement:
· For the purpose of DL PRS processing capability, the duration of DL PRS symbols (K) in ms within any P msec window, is calculated by
· Type 1 duration calculation with
[image: ]
· Type 2 duration calculation with 

· where 
· Type 1 or Type 2 is reported as UE capability,
· S is the set of slots of a serving cell within the P msec window in the positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference),
· for Type 1, [Tsstart, Tsend]is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot . 
· Interval[Tsstart, Tsend] considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference).

Agreement:
· For UE DL PRS processing capability, 
· UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· Additionally, UE reports new parameter, number of DL PRS resources that UE can process in a slot, which is reported per SCS per band. 
· Values: {1, 2, 4, 8, 12, 16, 32, 64}
· The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum BW reported by UE = {5, 10, 20, 40, 50, 80, 100, 200, 400} MHz

Agreement:
The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Agreement:
UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)

Agreement:
UE capability for DL PRS processing is defined assuming the case with configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than X%
· FFS: X




In the agreements, the duration of DL PRS symbols (K) is calculated assuming the UE only buffers the OFDM symbols with potential DL PRS (Type 1) or the slots with potential DL PRS (Type 2). Besides, DL PRS processing capability is defined based on the assumption that the network will compactly transmit DL PRS, instead of distributing that PRS resources within the DL PRS period. In practical deployment scenarios, we may expect the DL PRS to be transmitted in general in sequential slots to maximize resource usage and minimize the interference of DL PRS signals. 
The above agreements were made with an assumption that the maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) is not more than X% (FFS: X). If we take a look at the measurement gap patterns defined in TS 38.133, which is copied in the following table, the maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP)  is defined for Gap Pattern Id #4 with the ratio of 30% (MGL=6ms and MGRP=20ms). 
In our view, it is unlikely that a network transmits DL PRS with the ratio MGL/ MGRP > larger than 30%. Thus, it is reasonable for us to assume the maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) is not more than 30% for DL PRS processing.
(TS 38.133) Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160




[bookmark: p4]Proposal 4:
· UE capability for DL PRS processing is defined assuming the case with configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30X%.
•	FFS: X
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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: 
· Adopt the following TP for TS 38.211
	7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
[…]
-	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 a serving cell for downlink PRS transmitted from the same serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter ssb-PositionsInBurst-r16 for downlink PRS transmitted from the same non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
[…]



Observation 1: The scenario that “the higher-layer parameter dl-PRS-MutingPatternList-r16 is not provided” does not exist, because the higher-layer parameter dl-PRS-MutingPatternList-r16 in TS 37.355 is not an optional parameter.
Proposal 2: 
· Inform RAN2 that dl-PRS-MutingPatternList-r16 is optional

Proposal 3:
Adopt the following TP for Section 5.1.6.5 of  TS 38.214.
	5.1.6.5	PRS reception procedure
[…]
-	dl-PRS-MutingPatternList-r16 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. If mutingOption1 is configured , In the first option 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].
[…]



Proposal 4:
· UE capability for DL PRS processing is defined assuming the case with configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30X%.
•	FFS: X
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