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1. [bookmark: OLE_LINK1]Introduction
In RAN1#112 meeting, one TEI proposal on 1-symbol PRS was agreed, the agreement is as follows:
	Agreement
Introduce 1-symbol PRS with legacy comb sizes. 
· UE expects the suitable expected RSTD windows provided by LMF such that peak ambiguity is addressed. Otherwise no measurement accuracy requirements are expected to be met.
· Not to define RAN4 RRM requirement, including core/performance in Rel-18
· Send an LS to RAN2 and RAN3 to ask necessary signalling enhancements



In this contribution, we provide our views on higher layer signaling from proponent perspective for support of 1-symbol PRS. For editor’s convenience, the suggested text proposals to update the RAN1 specifications are provided in Appendix. 

2. Higher layer signaling 
According to the above agreement, it is straightforward to extend the exiting LPP in TS 37.355 and RRC signaling in TS 38.331 to support the case that the number of PRS symbols is 1. 
In addition, symbol offset 13 in Rel-17 is not supported because at least two symbols are occupied by a PRS resource and the last two symbols in a slot can be allocated for PRS. For 1-symbol PRS, if the symbol offset 13 is not supported, the last symbol of each slot will never be applicable for PRS. To improve the resource efficiency, it is natural to support it. Based on the current ASN.1, the existing higher layer parameters can be extended to support the number of PRS symbols = 1 because the existing parameters in 37.355 and 38.331 are extendable. However, for the symbol offset parameters, the existing parameters are not extendable, so new parameters should be introduced.
Furthermore, on-demand PRS relevant signaling should also be extended to include 1-symbol PRS for better system efficiency.
Proposal: For 1-symbol PRS, the relevant higher layer signaling enhancement should include
· Support that number of PRS symbols equals to 1 for both PRS configuration and on-demand PRS request
· Support PRS symbol offset 13

Here is our suggestion for higher layer signaling to support 1-symbol PRS. 
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	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment
	Status

	 TEI18
	Support 1-symbol PRS for PRS configuration
	 
	 
	NR-DL-PRS-ResourceSet
	dl-PRS-NumSymbols
	
dl-PRS-NumSymbols 
	existing
	 
	In 37.355, PRS configuration can include the case of 1-symbol PRS
	n1
	 
	 
	 
	 37.355
	 
	 

	[bookmark: _GoBack] TEI18
	Support PRS symbol offset 13
	 
	 
	NR-DL-PRS-Resource
	
	dl-PRS-ResourceSymbolOffset-r18
	new
	 
	In 37.355, PRS configuration can include the case of PRS symbol offset 13
	13
	 
	 
	 
	 37.355
	 
	 

	 TEI18
	Support 1-symbol PRS for on-demand PRS
	 
	 
	NR-On-Demand-DL-PRS-PerFreqLayer
	dl-prs-NumSymbolsReq
	
	existing
	 
	In 37.355, on-demand PRS request can include the case of 1-symbol PRS
	n1
	 
	 
	 
	 37.355
	 
	 

	 TEI18
	Support 1-symbol PRS
	 
	 
	NR-DL-PRS-PDC-ResourceSet
	numSymbols
	numSymbols 

	existing
	 
	In 38.331, NR-DL-PRS-PDC-Info defines downlink PRS configuration for PDC, where 1-symbol PRS is included
	n1
	 
	 
	 
	 38.331
	 
	 

	 TEI18
	Support PRS symbol offset 13
	 
	 
	NR-DL-PRS-Resource
	
	dl-PRS-ResourceSymbolOffset-r18
	new
	 
	In 38.331, PRS configuration can include the case of PRS symbol offset 13
	13
	 
	 
	 
	 38.331
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 





3. Conclusion
For the agreed TEI proposal on 1-symbol PRS, we provide our views from proponent perspective for the relevant higher layer signaling enhancement and text proposals. The specific table for higher layer signaling and TPs can be found in section 2 and section 5 repsectively. 
Proposal: For 1-symbol PRS, the relevant higher layer signaling enhancement should include
· Support that number of PRS symbols equals to 1 for both PRS configuration and on-demand PRS request/configuration
· Support PRS symbol offset 13

4. Reference
[1] [bookmark: _Ref127441090]38.211 NR Physical channels and modulation (Release 17) V17.4.0
[2] 38.214 NR Physical layer procedures for data (Release 17) V17.5.0

5. Appendix: 
In this section, we provide potential text proposals on support of 1-symbol PRS for TS 38.211 and TS 38.214.  
TP for TS 38.211 [1] 
[bookmark: _Toc51774173][bookmark: _Toc45107504][bookmark: _Toc106014864][bookmark: _Toc29230406][bookmark: _Toc36026665]7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
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 a serving cell for downlink PRS transmitted from the same serving cell or any SS/PBCH block from a non-serving cell whose time frequency location is provided to the UE by higher layers for downlink PRS transmitted from the same non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
and where 
-	the antenna port 
-	 is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter dl-PRS-ResourceSymbolOffset [or dl-PRS-ResourceSymbolOffset-r18];
-	the size of the downlink PRS resource in the time domain  is given by the higher-layer parameter dl-PRS-NumSymbols;
-	the comb size  is given by the higher-layer parameter dl-PRS-CombSizeN-AndReOffset for a downlink PRS resource configured for RTT-based propagation delay compensation, otherwise by the higher-layer parameter dl-PRS-CombSizeN such that the combination  is one of {1, 2}, {1, 4}, {1, 6}, {1, 12}, {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12};
-	the resource-element offset  is obtained from the higher-layer parameter dl-PRS-CombSizeN-AndReOffset;
[bookmark: _Hlk20911140]-	the quantity  is given by Table 7.4.1.7.3-1.
If the downlink PRS resource is configured for RTT based propagation delay compensation as described in clause 9 of [6, TS 38.214], the reference point for  is subcarrier 0 in common resource block 0; Otherwise, the reference point for  is the location of the point A of the positioning frequency layer, in which the downlink PRS resource is configured where point A is given by the higher-layer parameter dl-PRS-PointA.
Table 7.4.1.7.3-1: The frequency offset  as a function of .
	
	Symbol number within the downlink PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1
	4
	2
	5

	12
	0
	6
	3
	9
	1
	7
	4
	10
	2
	8
	5
	11





TP for TS 38.214 [2] 
[bookmark: _Toc45810567][bookmark: _Toc36645522][bookmark: _Toc122105117][bookmark: _Toc29674292][bookmark: _Toc29673158][bookmark: _Toc29673299]5.1.6.5	PRS reception procedure
< Unchanged parts are omitted >
A DL PRS resource set is configured by NR-DL-PRS-ResourceSet, consists of one or more DL PRS resources and it is defined by:
-	nr-DL-PRS-ResourceSetID defines the identity of the DL PRS resource set configuration. 
[bookmark: _Hlk39646216]-	dl-PRS-Periodicity-and-ResourceSetSlotOffset defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing=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. The UE does not expect that the product of DL PRS resource periodicity , the higher layer parameter dl-prs-MutingBitRepetitionFactor and the size of the bitmap of dl-PRS-MutingOption1 exceeds , where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively.
-	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 resource repetition factor.
-	dl-PRS-ResourceTimeGap defines the offset in number of slots between two repeated instances of a DL PRS resource with the same nr-DL-PRS-ResourceID within a single instance of the DL PRS resource set. 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 nr-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 value of dl-PRS-ResourceTimeGap.
-	dl-PRS-MutingOption1 and dl-PRS-MutingOption2 define the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. If dl-PRS-MutingOption1 is configured, each bit in the bitmap of dl-PRS-MutingOption1 corresponds to a configurable number provided by higher layer parameter dl-prs-MutingBitRepetitionFactor 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 dl-PRS-MutingOption2 is configured each bit in the bitmap of dl-PRS-MutingOption2 corresponds to a single repetition index for each of the DL PRS resources within each instance of a nr-DL-PRS-ResourceSet and the length of the bitmap is equal to the values of dl-PRS-ResourceRepetitionFactor. Both dl-PRS-MutingOption1 and dl-PRS-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 defines the time offset of the SFN0 slot 0 for the DL PRS resource set with respect to SFN0 slot 0 of reference provided by nr-DL-PRS-ReferenceInfo. 
-	dl-PRS-ResourceList determines the DL PRS resources that are contained within one DL PRS resource set. 
-	dl-PRS-CombSizeN defines the comb size of a DL PRS resource where the allowable values are given in Clause 7.4.1.7.3 of [TS38.211]. All DL PRS resource sets belonging to the same DL PRS positioning frequency layer have the same value of dl-PRS-CombSizeN.
-	dl-PRS-ResourceBandwidth 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 DL PRS positioning frequency layer have the same value of dl-PRS-ResourceBandwidth.
-	dl-PRS-StartPRB 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. 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 DL PRS positioning frequency layer have the same value of dl-PRS-StartPRB.
-	dl-PRS-NumSymbols defines the number of symbols of the DL PRS resource within a slot where the allowable values are given in Clause 7.4.1.7.3 of [4, TS38.211].
A DL PRS resource is defined by:
-	nr-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 as described in Clause 7.4.1.7.2 of [4, TS 38.211] for generation of DL PRS sequence for a given DL PRS resource.
-	dl-PRS-CombSizeN-AndReOffset 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, TS 38.211]. 
-	dl-PRS-ResourceSlotOffset determines the starting slot of the DL PRS resource with respect to corresponding DL PRS resource set slot offset.
-	dl-PRS-ResourceSymbolOffset [or dl-PRS-ResourceSymbolOffset-r18] determines the starting symbol of a slot configured with the DL PRS resource. 
-	dl-PRS-QCL-Info defines any quasi co-location information of the DL PRS resource with other reference signals. The DL PRS may be configured with QCL 'typeD' with a DL PRS associated with the same dl-PRS-ID, or with rs-Type set to 'typeC', 'typeD', or 'typeC-plus-typeD' with a SS/PBCH Block from a serving or non-serving cell.
-	dl-PRS-ResourcePrioritySubset defines a subset of DL-PRS resources for the DL PRS resource for the purpose of prioritization of measurement reporting as described in [17, TS 37.355].


