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Introduction
In this contribution, we provide summary of the main technical aspects discussed in contributions submitted to the NR Positioning AI – “7.2.10.1 DL and UL Reference Signal for NR Positioning” focusing on DL reference signals and provide tentative proposals for further discussion in RAN1 WG aiming to facilitate discussion during the meeting week.
Based on review of the submitted contributions [1]-[17], the following list of open aspects was identified:
Aspect 1. DL PRS Resource Configuration 
Aspect 2. DL PRS Resource Set Configuration
Aspect 3. DL PRS Signal Generation
· Aspect 3.1 Number of DL PRS antenna ports
· Aspect 3.2 Sequence Design and Initialization
· Aspect 3.3 Number of Sequences
· Aspect 3.4 Resource Element Mapping Patterns
· Aspect 3.5 Cyclic Shift for DL PRS Generation
Aspect 4. DL PRS Physical Structure (SCS, BW, CP)
· Aspect 4.1 DL PRS Subcarrier Spacing
· Aspect 4.2 DL PRS Cyclic Prefix
Aspect 5. DL PRS Quasi-collocation Aspects (w/ CSI-RS, SSB)
Aspect 6. DL PRS Transmission Schedule (Randomization Techniques)
Aspect 7. DL PRS Multiplexing with other NR Physical Signals/Channels
Aspect 8. DL PRS and Relationship with DL BWPs
Aspect 9. Other Reference Signals for NR Positioning
Aspect 10. Configuration of DL PRS
In the next sections, we provide additional details and views expressed by companies, as well as initial proposals to trigger further discussion and decision in RAN1 WG.
DL Reference Signal Design for NR Positioning
Aspect 1. DL PRS Resource Configuration
The notion of DL PRS Resource was agreed to be introduced during the study item phase on NR positioning. The attributes of DL PRS Resource need to be discuss and defined. The following proposals were made in submitted contributions:
Define the necessary parameters to form PRS resources [ZTE, [1]]
· 
: PRS transmission periodicity.
· 
:PRS beam sweeping periodicity(PRS resource set duration)
· 
:Number of symbols in one PRS resource.
· 
:Starting symbols of PRS resources.
The number of occupied OFDM symbols of a PRS resource should be determined with consideration of frequency RE density (REs/symbol/PRB) of the PRS resource [LGE, [5]]
The NR DL PRS resources configuration (e.g. in one or multiple slot) is designed to accommodate multi-beam transmission (e.g. beam-sweeping) from one or more gNBs [Sony, [6]]
DL PRS Resource is described by the following attributes [Intel, [7]]
· Resource ID
· Frequency shift
· Time Offset
· Duration of DL PRS 
· Resource Element Mapping Pattern
· Sequence ID
· Number of TX antenna ports
· Quasi-colocation information (QCL with other reference signals)
It is possible to configure the maximum number of OFDM symbols within a NR PRS resource to the entire slot [Spreadtrum, [12]]

Potential proposal for agreement:
DL PRS Resource is uniquely associated  with TRP beam
DL PRS Resource is characterized by the following parameters:
· Resource ID
· Sequence ID
· [Time Offset with respect to DL PRS Resource Set]
· [Number of symbols]
· [Resource Element Mapping Pattern and Frequency shift]
· [Number of TX antenna ports]
· [Quasi-colocation information (QCL with other reference signals)]

Companies are encouraged to express views on parameters describing DL PRS Resource for the next meeting.

Aspect 2. DL PRS Resource Set Configuration
The following views were expressed with respect to introduction of the DL PRS Resource Set, which was discussed but not agreed during the study item phase:
Configuration of DL PRS Resource Set is supported for NR Positioning. The following parameters are expected to have the same settings across all DL PRS Resources within DL PRS Resource Set [Intel, [7]]:
· Bandwidth – can be defined at DL PRS Pool level
· Periodicity and offset – can be defined at DL PRS Pool level
· Duration of DL PRS 
· Number of TX antenna ports
· Quasi-colocation information (QCL with other reference signals)
A NR DL PRS resource set is defined as a set of one or more NR DL PRS resources assigned to the same TRP. A NR DL PRS occasion is defined as a set of one or more consecutive and/or concurrent NR DL PRS resource sets. [Nokia, [14]]
NR defines PRS resource set that contains one or multiple PRS resource(s) [LGE, [5]]
A set of PRS resources with different resource IDs should be defined to support the multi-beam-based enhancements. The resource IDs / beam information should be included in the assistance data and reporting information that exchange between LMF and UE/gNB [CMCC, [11]]
[bookmark: _Toc5113981][bookmark: _Toc5114005]NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multi beam transmission of the DL PRS signals into consideration. Muting configurations can be supported in different levels, including 1) at the level of PRS groups; 2) at the level of PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources. [CATT, [15]]
Define a PRS resource set as a collection of one or multiple PRS resources transmitted from the same transmission point [Qualcomm, [13]]
A set of PRS resources represent a beam direction of PRS transmission [Sony, [6]]
Tx PRS beam sweeping should be supported with following multi-level PRS block structure to improve hearability and enable Rx beam selection [Samsung, [8]]
· PRS block set;
· PRS block sub-set;
· PRS block.
NR PRS resource sets are defined at least for beam sweeping purposes [Huawei, [2]]

Potential proposal for agreement:
DL PRS Resource Set is defined as a set of DL PRS Resources associated with the same TRP (transmission reception point)
DL PRS Resource Set is characterized by the following parameters
· Resource Set ID
· List of DL PRS Resource IDs
· [Bandwidth of DL PRS Resources]
· [Frequency allocation within DL PRS Resources]
· [Time Offset with respect to SFN]
Companies are encouraged to express views on parameters describing DL PRS Resource Set for the next meeting.
Aspect 3. DL PRS Signal Generation
In this section, we provide outline of the discussion on DL PRS signal generation.
Aspect 3.1 Number of DL PRS Antenna Ports
Based on contribution in [Intel, [7]] [Huawei, [2]], [Nokia, [14]] two transmission antenna ports should be supported for DL PRS. In [Samsung, [8]], it is considered that single antenna port is sufficient for DL PRS signal transmission.

Potential proposal for agreement:
DL PRS Resource supports configuration of two antenna ports per resource

Aspect 3.2 Sequence Design and Initialization
Multiple contributions proposed to use length-31 Gold sequence for NR DL PRS generation:
The PRS sequence is based on length-31 Gold sequence, where the sequence initializer is based on [Huawei, [2]]:
· The PRS symbol index within a radio frame of the cell
· A configuration sequence initialization ID associated with a PRS resource
[bookmark: Pro7]Adopt pseudo-random QPSK sequence as NR DL PRS sequence [vivo,[3]]
· The initial value of the DL PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, a beam ID or SSB index into account.
The NR PRS uses the Gold sequence [Nokia, [14]]
Strive to re-using some of the PRS properties in LTE, such as PRS sequence with a length-31 gold sequence, PRS muting operation, PRS occasions [Sony, [6]]
DL PRS sequence design is based on Gold code sequences generator [Intel, [7]]
Pseudo-number based PRS generation driven by PRS sequence ID is supported [Mitsubishi, [10]]
Gold sequences of order 31 can be considered for the generation of the NR DL PRS sequences in the evaluation of the NR DL positioning performance [CATT, [15]]
There is no need to define the beam ID for seed generation [MTK, [9]]


Potential proposal for agreement:
DL PRS sequence generation is based on Golden sequence generator as defined in TS 38.211 Section 5.2.1
· Initialization of cinit value for DL PRS is FFS
QPSK modulation is used for DL PRS signal in frequency domain

Aspect 3.3 Number of Sequences
In contribution [ZTE, [1]], it is proposed to double LTE PRS-ID to be used as PRS sequence ID in NR and use the last symbol within one PRS resource to implicitly contain PRS resource ID. In [Huawei, [2]] it is proposed that, “the PRS sequence ID should have a wide configurable range (e.g. 0~4095 or more)”. The MTK [9] also considers to support up to 4096 IDs, which is same as that in LTE. Other companies have not proposed specific number for amount of sequences or sequence IDs.

Potential proposal for agreement:
Number of DL PRS Sequence IDs is fixed to 4096

Aspect 3.4. Resource Element Mapping
DL PRS resource element mapping pattern was extensively discussed in multiple contributions. The comprehensive analysis is provided in [Mediatek, [9]]. The following sub-bullets represent views from companies:
Apply comb-N resource element mapping for DL PRS, where N = {1,2,3,4} [Intel, [7]]
PRS is allowed to occupy only a subset of equally-spaced subcarriers in the configured BW, the equivalent comb factor can be [{1,2,4,6}] [Huawei, [2]]
Comb-3, Comb-6 and Comb-12 should be supported for new NR PRS and PRS should be deployed in every subcarrier [Samsung, [8]]
[bookmark: Prop7]Adopt comb-X based PRS designs where X is an integer, Adopt at least comb-3 and comb-6 PRS patterns [Mitsubishi, [10]]
A staggered comb structure can be supported as starting point. It is possible to configure the maximum number of OFDM symbols within a NR PRS resource to the entire slot [Spreadtrum, [12]]
PRS should use a uniform comb density in the frequency domain such that all subcarriers of the available bandwidth are occupied [Qualcomm, [13]]
NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers in PRS OFDM symbols, and avoid the issue associated with LTE PRS, e.g., no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion [CATT, [15]]
[bookmark: _Toc5113976][bookmark: _Toc5114000]The density of PRS REs within a PRS RB should also be configurable, e.g., {1/2, 1, 2, 3, 4, 6}, where ½ implies there is one PRS RE for every two PRS RBs, and the PRS RE may be placed in even or odd numbered PRS RBs [CATT, [15]]
At least the comb-6 structure for NR PRS should be supported [Nokia, [14] ]
[bookmark: Pro2]Multiple DL PRS patterns should be supported (comb-4 – Indoor and Comb-12 for outdoor) – [vivo, [3]]
Evaluate and down select among staggered comb patterns with comb factors ranging from 1 to 14 and permutations of such patterns in time [Ericsson, [16]]

Potential proposal for agreement:
Staggered comb-N resource element pattern is used to map DL PRS sequence to resource elements in frequency domain
· N is a configurable parameter from the set {1,2,3,4,6}

Aspect 3.5 Cyclic Shift for DL PRS Generation
Two companies have expressed views on support cyclic shifts for the DL PRS:
NR should consider the simultaneous transmission of the common PRS sequence from multiple gNBs/TPs with different intentional cyclic time-domain delays [LGE, [5]]
Support cyclic shifts for the new PRS signal. [Ericsson, [16]]
More discussion is needed on the benefits of this approach.

Aspect 4. DL PRS Physical Structure (CP, SCS, BW)
Aspect 4.1 DL PRS Supported Numerology and Bandwidths
The following views were expressed with respect to DL PRS SCS and Bandwidth
At least the bandwidths and associated SCS in Table 1 should be supported for NR PRS [Nokia, [14]]
	Frequency Range
	Bandwidth (MHz)
	SCS (kHz)

	FR1
	5
	15

	FR1
	50
	30

	FR1
	100
	30

	FR2
	100
	120

	FR2
	400
	120


NR should support the subcarrier spacing of 15kHz, 30kHz and 60kHz for FR1 and the subcarrier spacing of 60kHz and 120kHz for FR2. If it is decided to support DL positioning for IDLE mode UE, NR should also support the subcarrier spacing of 240kHz for FR2. NR should support the DL PRS transmission in the whole carrier bandwidths which are defined in TS 38.104, namely {5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100} MHz for FR1, and {50, 100, 200, 400} MHz for FR2 [CATT, [15]] 
RBG based granularity should be supported for new NR PRS [Samsung, 8]

Potential proposal for agreement:
DL PRS design supports the following SCS settings
· 15, 30 and 60 kHz subcarrier spacing for FR1 operation
· 60, 120 subcarrier spacing for FR2 operation
· FFS 240 kHz for FR2
For DL PRS bandwidth configuration, select among the following options:
· Option 1. DL PRS bandwidth is configured with PRB granularity
· Option 2. DL PRS bandwidth is configured with 4 PRB granularity
· Option 3. DL PRS bandwidth is configured with carrier bandwidth granularity 
· 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz for FR1 operation
· 50, 100, 200, 400 MHz for FR2 operation

Aspect 4.2 DL PRS Cyclic Prefix
The following views were expressed for DL PRS cyclic prefix length
Extended CP can be considered for 15 and 30 kHz for DL PRS signal [Samsung, [8]]
Adopt both normal CP and extended CP for PRS. Support configurable CP length for PRS [Mitsubishi, [10]]
It is necessary to allow configuration of extended CP for NR DL PRS [vivo, [3]]

Potential proposal for agreement:
DL PRS design supports configurable Normal and Extended CP length

Aspect 5. DL PRS Quasi-Collocation
Multiple companies commented on quasi-collocation signaling for DL PRS design:
The following views were expressed in [Intel, [7]]:
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with each other using QCL Type-A, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for tracking (TRS) using QCL Type-A and/or QCL Type-D, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for beam management (BM) using QCL Type-D, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with SSB (SSB index) using QCL Type-C and/or Type-D, if applicable
Support QCL indication for PRS. The reference RS can be SSB or CSI-RS [Huawei, [2]]
[bookmark: Pro5]PRS should be configured with beam information referring to CSI-RS or SSB of the serving cell and/or neighboring cells [vivo, [3]].
The SSB transmission from neighbour cells may not be well protected. Hence it may not be appropriate to consider SSB as the QCL source signal for positioning reference signal except the serving cell [MTK, [9]]

Potential proposal for agreement:
DL PRS resources can be configured as quasi-collocated with other reference signals
· Details are FFS

Aspect 6. DL PRS Transmission Schedule (Interference Randomization)
Support of DL PRS interference randomization and muting mechanism for NR DL PRS was discussed and proposed in several contributions:
For NR positioning, several types of randomization are possible and can be supported [Intel, [7]]:
· Spatial randomization (beam(s) for DL PRS transmission are randomly assigned)
· Time randomization (time resource(s) for DL PRS transmission are randomly assigned)
· Frequency randomization (frequency resource(s) for DL PRS transmission are randomly assigned)
· Code randomization (sequence(s) for DL PRS transmission are randomly assigned)
Two modes of DL PRS transmission are supported by NR [Intel, [7]]
· PRS Transmission Mode 1 based on Predefined PRS Transmission Schedule (PTM1)
· PRS transmission pattern on a given PRS Resource is signalled to UE (i.e. pre-configured)
· PRS Transmission Mode 2 based on Pseudo-random PRS Transmission Schedule (PTM2)
· PRS transmission on a given PRS Resource is controlled probabilistically (i.e. according to (pre-) configured probability of PRS transmission PPRS_TX)
· Space(beam), time, frequency and code randomization techniques are applied for DL PRS transmission on dedicated resources
There is no need to introduce additional interference randomization across PRS signals and sharing between NR DL PRS resources and other transmissions including data/control should not be supported [Samsung, [8]]
NR supports PRS interference mitigation through PRS muting [Huawei, [2]].
· The PRS muting configurations should consider the signalling overhead, especially for FR2.
The NR DL PRS resource configuration (e.g. in one or multiple slot) is designed to accommodate multi-beam transmission (e.g. beam-sweeping) from one or more gNBs [Sony, [6]]
Support for enhancements that guarantee orthogonality among all cells for all locations at some point in time [Qualcomm, [13]]
NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multi-beam transmission of the DL PRS signals into consideration. Muting configurations can be supported in different levels, including 1) at the level of PRS groups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources [CATT, [15]]
There is no need to introduce additional interference randomization across PRS signals and sharing between NR DL PRS resources and other transmissions including data/control should not be supported [Samsung, [8]]
TDM transmission in a slot among different TPs can be considered by shortening the RS block duration [MTK, [9]

Potential proposal for agreement:
DL PRS muting is supported
· FFS details
DL PRS configuration supports two types of PRS transmission schedule
· Predefined transmission schedule
· Randomized (pseudo-randomized) transmission schedule
· FFS details

Aspect 7. DL PRS Multiplexing with other NR Signals /Channels
PRS is not mapped to any RB that contains SS/PBCH block. The gNB provides SS/PBCH block related information to the UE along with the PRS configuration for each cell. [Huawei, [2]]
New NR PRS being deployed from the first symbol of a slot should be supported and if overlapping between CORESET and PRS happens, PRS can be punctured. DL PRS can be configured to the slot formats with explicit UL transmission except pure UL formats slot, i.e., format 1 and 8-15 but DL PRS can only be configured to DL symbols and/or unknown symbols. [Samsung, [8]]
DL PRS transmissions are multiplexed in time with other DL reference signals / channels [Intel, [7]]
Discuss whether the positioning reference signal can also be allocated at the control region to be FDMed with CORESET [Mediatek, [9]]
A set of PRS resources represents a beam direction can be multiplexed in either time-domain and/or frequency-domain depending on the gNB capability [Sony, [6]]
Support the NR PRS design with Primary PRS (P-PRS) and Secondary PRS (S-PRS) for DL positioning. The S-PRS is configured independent of P-PRS. The S-PRS may or may not be overlapping with the OFDM symbols/RBs/REs of other NR DL signals/channels [CATT, [15]]. 
NR should define a new PRS that supports tracking process to improve the ranging accuracy. i.e. Low Power Embedded PRS [BUPT, ZTE, CAICT, [4]]

Potential proposal for agreement:
Discuss and select among the following alternatives:
· DL PRS transmissions are multiplexed in time with other DL reference signals or physical channels
· DL PRS is not mapped to any resources that contains SS/PBCH

Aspect 8. DL PRS and Relationship with DL BWPs
The following views were expressed with respect to DL PRS configuration and relationship to DL BWPs.
The following is proposed in [Intel, [7]]:
· NR DL PRS Resources are configured independently of NR DL BWPs
· UE expects that one of the configured DL BWPs is associated with NR DL PRS Resources (Pool)
· UE processes NR DL PRS within DL BWP, associated with NR DL PRS
· DL PRS processing bandwidth is up to UE capability and can be less than the bandwidth of DL PRS
The following views are expressed in [Huawei, [2]]:
· BWP-specific PRS is not supported. PRS resources are configured on a per-cell basis.
· The PRS configuration for a cell can include multiple PRS resources with different numerologies
· For intra-frequency measurement, if the measurement gap is not configured, the UE is expected to measure the PRS resource with the numerology of the active DP BWP and within the bandwidth of the active DL BWP.
The following PRS configurations should be supported [Samsung, [8]]
· Alt1: PRS is configured in the active BWP;
· Alt2: PRS is configured in a common BWP containing SSB;
· Alt3:  PRS is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
[bookmark: Pro3]The bandwidth of DL PRS is not limited to the bandwidth of UE’s active BWP [vivo, [3]]
· Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of UE’s active BWP.
The new DL positioning reference signals (DL PRS) should be configurable independently from the BWPs (similar to NR Rel-15 CSI-RS for L3-RSRP) [Qualcomm, [13]]
The configuration of the NR PRS bandwidth is not limited to the UE active BWP [CMCC, [11]]

Potential proposal for agreement:
DL PRS Resources are configured independently of UE DL BWPs
UE expects that one of the configured DL BWPs is associated with NR DL PRS

Aspect 9. Use of Legacy RS for NR Positioning
Using existing CSI-RS/TRS for NR positioning should be supported as a baseline and the new PRS can be configured when necessary [Samsung, [8]]
Support a new PRS which cannot be configured as a part of CSI-RS [Mitsubishi, [10]]
Allow configuring CSI-RS resources as PRS resources, including new staggering patterns for such CSI-RS resources, and allow configuring certain SSBs as PRS resources [Qualcomm, [13]]
Support the NR PRS design based on the existing framework of the NR CSI-RS with possible modification and enhancement on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighboring cells from the purpose of PRS muting and interference avoidance [CATT, [15]]
Support positioning based on the TRS (CSI-RS for tracking) transmitted from serving as well as non-serving cells [Ericsson, [16]]
The TRS extension for positioning needs to consider the TRS property of 4-symbol spacing between 2 TRS symbols in a slot. Increase TRS symbol position in FR1 to support TRS extension for positioning. Consider comb-2 and comb-4 structure to support TRS extension for positioning [Mediatek, [9]]
SSB is basically used for single-cell based ECID and is used for OTDOA and/or multi-cell RTT technique for the UEs who are capable of detecting SSBs transmitted from multiple cells [LGE, [5]]

Conclusion: It seems more discussion is needed to conclude on this aspect.

Aspect 10. Configuration of DL PRS
UE-specific  / group-common / cell specific configuration
· PRS resource configuration needs to be UE-specific and/or UE-group specific [LGE, [5]]
· UE specific configuration should be supported in NR PRS design [Samsung, [8]]
· In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS [Nokia, [14]].
· UE-specific NR PRS should be supported [CMCC, [11]]

 Potential proposal for agreement:
Signaling details (UE-specific/UE-group common, etc.) for DL PRS are determined by RAN2 WG

DL PRS Periodicity
· At least the following periodicities should be supported for NR PRS: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots [Nokia, [14]]
· NR DL PRS should support the transmission periodicities of P = {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots for PRS occasions (or PRS resource sets). NR DL PRS may also consider the support the transmission periodicities of P={4, 8, 16, 32, 64} slots.   The DL PRS transmission offset can be configured in the range of {0, .., P-1} slots [CATT, [15]]
· PRS periodicity can be defined based on the below table with a scaling factor K configured according to latency requirement, power consumption, numerology, etc. [Samsung, [8]]
	
PRS periodicity  
(slots)

	  K

	2K

	4K

	8K

	16K

	32K

	64K

	128K

	256K

	512K

	1024K

	2048K

	5096K

	Reserved

	Reserved

	Reserved



Conclusion: Discussion on DL PRS periodicity requires more progres on detail of DL PRS Resource allocation including configuration of DL PRS Resource, DL PRS Resource Set and potentially DL PRS Resource Pool. 

Periodic/aperiodic and semi-persistent resources
· Support aperiodic and semi-persistent PRS [Mitsubishi, [10]]
· Support periodic, aperiodic and semi-persistent transmission for DL PRS [vivo, [3]]

Conclusion: Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation was agreed during the study item phase. Need to clarify the meaning of on-demand resource allocation from RAN1 perspective.



Conclusions
In this contribution, we have provided overview of different DL PRS design aspects based on review of the submitted contributions [1]-[17]. In addition, tentative proposals have been made to facilitate discussion during the RAN WG1 meeting week.
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