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Introduction
Most of the issues for Rel-16 NR Positioning Support WI were resolved in RAN1#98bis[1] and RAN1#99[2]. In this contribution, we discuss some remaining issues on DL PRS for NR positioning, especially the DL PRS muting.

Discussion
About DL PRS muting, the following agreements were made in RAN1#98bis[1] and RAN1#99[2]:
	Agreement: (RAN1#98bis)
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE

Agreement: (RAN1#99)
UE can be configured with any of the following combinations of DL PRS muting options from the prior agreement
· Option 1 only
· Option 2 only
· Option 1 and Option 2 
· If both options are configured, the logical AND operation is applied, i.e. for each bit from the Option 1 bitmap, the logical AND is applied to all bits of Option 2 bitmap




The following parameters are defined in the RRC parameter list for supporting the DL PRS muting [4]
	Parameters
	Value range
	Description

	DL-PRS-MutingPattern
	Bit String
(Size {2, 4, 6, 8, 16, 32})
	Note: The description is a copy of above two agreements

	DL-PRS-MutingBitRepetitionFactor
	{1,2,4,8}
	Configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource Set applicable to single bit of Option 1 Muting bitmap



Option 1 is designed for supporting DL PRS muting in the level of the DL PRS resource set. Each bit in the muting bitmap corresponds a number of consecutive instances of the DL-PRS resource sets. The number of the consecutive instances of the DL-PRS resource sets is defined by the parameter DL-PRS-MutingBitRepetitionFactor. If a DL-PRS resource set is indicated as muted, all DL-PRS resources within the DL-PRS resource set are muted. Figure 1 shows a muting example with DL PRS muting Option 1.
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[bookmark: _Ref30534200]Figure 1 DL PRS muting pattern with Option 1

Option 2 is designed mainly for the muting in the level of the repeated instances of DL PRS resource set, where each bit in the muting bitmap corresponds to one repeated instance of the DL-PRS resource set. A repetition of the DL-PRS resource is muted if the corresponding bit in the muting bitmap is not set. Figure 2 shows one muting example with DL PRS muting Option 2.
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[bookmark: _Ref30581692]Figure 2 DL PRS muting pattern with Option 2

Both Option 1 and Option 2 can be configured simultaneously, and “If both options are configured, the logical AND operation is applied, i.e. for each bit from the Option 1 bitmap, the logical AND is applied to all bits of Option 2 bitmap” based on the agreement made in RAN1#99. 
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With above understanding, it is clear that the DL PRS configuration needs to support the cases: a) when only Option 1 is configured; b) when only Option 2 is configured; and c) when both Option 1 and Option 2 are configured. Thereare, there is a need to support two muting bitmaps: one from Option 1 and the other from Option 2. This is, however, not clear from the endorsed RRC parameter list [4] and the description given by TS 38.214 [6]. 
	Parameters
	Value range
	Description

	DL-PRS-MutingPattern
	Bit String
(Size {2, 4, 6, 8, 16, 32})
	Note: The description is a copy of above two agreements



	5.1.6.5	PRS reception procedure
…
-	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].



In TS 38.211, it states that DL-PRS-MutingPattern may have two bitmaps  and bitmap , and basically capture correctly the RAN1’s agreement for three scnarios: a) when only Option 1 is configured; b) when only Option 2 is configured; and c) when both Option 1 and Option 2 are configured. However, the endorsed RRC parameter DL-PRS-MutingPattern only contains one bit string, but not the bitmaps  and bitmap  used in TS 38.211. 
	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;
-	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.
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;





Thus, in order to support RAN1’s agreement, the RRC parameter DL-PRS-MutingPattern needs to contain two muting bitmaps, where one bitmap is used to indicate the muting bitmap for Option 1; and another bitmap is used to indicate the muting bitmap for Option 2. As a matter of fact, in RAN2’s email discussion[7], two mutingPatterns are indeed defined, one for Option 1 and the other for Option 2, as follows:

DL-PRS-ResourceSet-r16 ::= SEQUENCE {
…
	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)),
			...
}

Based on above discussion and the current running CR for TS 37.355 [7], the requirements associated with DL PRS muting in Section 5.1.6.5 in TS 38.214 and Section 7.4.1.7.4 of TS 38.211 needs to be modified to be consistent with the RAN1 agreements and also the RRC parameters defined in TS 37.355. Thus, we propose to adopt the proposed TPs in Conclusion for TS 38.214 and TS 38.214 for DL PRS muting.


Conclusion
In this contribution, we discussed some remaining issues on DL PRS for NR positioning. The following proposals were made based on the discussion. 
[bookmark: r2]Proposal 1: Adopt the following TP for Section 5.1.6.5 of TS 38.214 for DL PRS muting.
	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, 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-MutingPattern defines the time locations where the DL PRS resource is not expected to be transmitted for a DL PRS resource set. DL-PRS-MutingPattern may include a mutingPattern defined by parameter mutingOption1, and/or a mutingPattern defined by parameter mutingOption2. The size of each mutingPattern can be {2, 4, 8, 16, 32} bits long. If mutingOption1 is configured but mutingOption2 is not, each bit of the mutingPattern in mutingOption1corresponds 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 set instance that is indicated to be muted. The number of consecutive instances of a DL-PRS-ResourceSet is provided by DL-PRS-MutingBitRepetitionFactor.  If mutingOption2 is configured but mutingOption1 is not, each bit of the mutingPattern in mutingOption2 corresponds to a single repetition index for each of the DL-PRS-Resources within each instance of a DL-PRS-ResourceSet. If both mutingOption1 and mutingOption2 are configured at the same time the logical AND operation is applied to the mutingPattern from mutingOption1 and the mutingPattern from mutingOption2 as described in clause 7.4.1.7.4 of [4, TS 38.211].





Proposal 2: Adopt the following proposed TP for Section 7.4.1.7.4 of TS 38.211 for DL PRS muting.
	[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 mutingOption1 DL-PRS-MutingPattern is provided in DL-PRS-MutingPattern and is bitmap  but not bitmap  mutingOption2 is not provided, and bit  is set;
-	the higher-layer parameter mutingOption1 DL-PRS-MutingPattern is provided in DL-PRS-MutingPattern and bitmap  but not bitmap  mutingOption1 is not provided, and bit  is set;
-	the higher-layer parameters mutingOption1 and mutingOption2 DL-PRS-MutingPattern is provided and both bitmaps  and  are provided in DL-PRS-MutingPattern, and both bit  and  are set.
where
-	 is bit  in the mutingPattern bitmap given by the higher-layer parameter mutingOption1 DL-PRS-MutingPattern where  is the size of the mutingPatternbitmap; 
-	 is bit  in the mutingPattern bitmap given by the higher-layer parameter mutingOption2DL-PRS-MutingPattern, the mutingPattern has the size of  ;
-	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].
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