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Introduction
 In RAN1 #98b meeting, parameters and measurements needed DL and UL only positioning techniques were discussed [1]. In this contribution, we make proposals related to the PRS (positioning reference signals). In Section 2, proposals related to DL PRS are described. The contribution is summarized in Section 3.
DL positioning OTDOA
General procedure
For 30GHz, robust design of PRS needs to be discussed, especially considering factory environments where positioning process can be interrupted by mobile equipment. For DL positioning, OTDOA (Observed Time Difference of Arrivals) is assumed here. OTDOA is characterized by multiple TRPs transmitting reference signals to UE. At the UE side, RSTD (reference signal time difference measurement) is calculated and based on coordinates of TRPs, location of UE can be determined. In NR, multiple TRPs or panel operation is envisioned, 
The following formula is used to approximate the location of the UE:



where  is the time difference between reference TRP and target,  is the time offset between TRPi and TRP1. Measurement error in arrival time at UE is indicated by . The speed of light is denoted by . The Cartesian coordinate of UE and ith TPR is indicated by  and , respectively. In the following subsections, possible reference signal designs are introduced.

RS designs for OTDOA : PRS patterns
In LTE, positioning reference signals (PRS) are defined and used for positioning. As in LTE, reference signals dedicated for positioning can be used to meet various accuracy requirements. Although CSI-RS or SSB can be used as positioning RS, RS with higher density and configuration optimized for positioning as agreed in AH#1. In this subsection, possible designs for PRS are introduced. 
In the example shown in Figure 1a, NR PRS are placed in a resource block so that multiplexing up to 6 PRS patterns are possible, and the pattern is spread across the time and frequency domain. One of the appealing characteristics in LTE PR is that PRS was dedicated for positioning, spread across time and frequency domain. In NR RS, although DMRS and CSI-RS are both designed for maximum coverage across frequency and time domain, they do not have flexibility compared to PRS. Thus, in this contribution, we propose to investigate performance of PRS to observe if the proposed designs meet the target. One difference between PRS design for LTE and NR is that cell reference signal (CRS) is not defined in NR. Thus, PRS can be placed without consideration for CRS. One of the possible configurations for PRS is shown in Figure 1a, in which similar to PRS in LTE, up to six patterns can be multiplexed. Thus, PRS transmitted from gNB in non-serving cells can be multiplexed in the frequency domain orthogonally. In addition, since there are no CRS in NR, PRS can be placed evenly in a resource blocks.
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[bookmark: _Ref1066349]Figure 1 Placement of PRS, various densities with comb-3 and comb-12

Configurable PRS frequency and time allocation was agreed. However, granularity of time allocation should be discussed, i.e., whether slot or mini-slot level granularity is adopted. As in LTE, PRS should be placed so that PRRs do not overlap with PDCCH. The PRS layouts shown in Figure 1a and 1b avoid the first 3 or 2 symbols, respectively, in a slot to avoid PDCCH. In addition, to avoid interference with PDSCH, at least for FR1, there should be slots dedicated for PRS, i.e., UE is not expected to receive PDSCH in REs where PRS are not scheduled. Depending on the slot structure, placement of PRS should be truncated. For example, the PRS symbols are dropped from the pattern if some symbols are reserved for uplink.
In addition, considering higher requirement for positioning accuracy, density of PRS should be configurable. In NR, wideband positioning is possible, and density of PRS can be adjusted to allow multiplexing. In addition, since at least dedicated PRS resources are agreed in AH#1, PRS and PDCCH are not allowed to be multiplexed. Thus, configurations shown in Figure 1a and 1b allow at most three symbols for PDCCH One of the configurations for lower density of PRS, compared to the density in Figure 1a, is shown in Figure 1b. Finally, beam based operation in FR2, PRS may be suitable for FR1 considering wider beamwidth implemented in FR1.
In RAN1#97, comb values were discussed and comb {2, 4, 6} were selected. Variable densities are supported through different comb values. From PRS multiplexing point of view, comb 12 for PRS should be supported as illustrated in Figure 1b. In addition, 12 symbols should be chosen as one of the configurable number of symbols.

Proposal 1: In addition to {2, 4, 6}, support comb 12
Proposal 2: In addition to {2, 4, 6}, support 12 as the number of configurable symbols for PRS

In RAN1#98b, the staggered patterns expressed in terms of the RE offset are agreed. The RE offset pattern for comb-2,4,6 when the comb size is equal to the number of PRS symbols were agreed. Similar to SRS, to increase coverage of PRS, the comb pattern in which the comb size is smaller than the number of symbols should be supported. Similar to our proposal for SRS in [3], to increase the coverage of PRS the cyclic repetition pattern of the comb pattern should be supported. Coverage expansion will be useful for beam management purpose since it was agreed in RAN1#98b that one of the reference RS for UL beam management is DL-PRS.

Proposal 3 : cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size should be supported. The following patterns should be supported. 
· Comb-2 for 4, 6 and 12 symbols, 
· Comb-4 for 12 symbols
· Comb-6 for 12 symbols

An illustrative example of the comb pattern is shown in Figure 2.



[bookmark: _Ref24137158]Figure 2 Examples of cyclic repetition of comb-2 for 4 symbols

RS designs for OTDOA : RB-level density for PRS
 The following definition of a PRS resource can be found in TR 38.855 [2].

	NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is left to future specification work.
-	In any OFDM symbol, PRS resource occupies consecutive PRBs
-	Whether multiple symbols can be non-consecutive is left to future specification work.



 Furthermore, to increase flexibility and multiplexing capability in PRS, we propose RB-level comb patterns. An example of configuration is shown in Figure 2. In the example, PRS with comb-4 configuration is inserted in every other RB while RBs which do not carry PRS are left as an empty RB. The configuration shown in Figure 3 is an example where RB density is 1/2, where red tiles indicate PRS. The RB level combing increases flexibility in PRS assignment. PRS sent from neighbouring cells can be placed in vacant RBs to send its PRS. A similar configuration is implemented for CSI-RS in Rel. 15. Thus, we make the following proposal.
The RB-level combing can be defined as one of the configuration of an RS resource since PRS spans over multiple RBs with the predefined RB density. The RB level density can be defined as one of the parameters. The RB level comb can be applied to any PRS patterns. 
Another view of defining RB-level comb is RB-level muting in the frequency domain. Muting is currently discussed for the time domain to decrease interference for other UEs. Similar approach can be applied to the frequency domain to decrease interference and improve spectrum efficiency. The parameter to indicate RB-level density should be configured semi-statistically, similar to the comb density descried earlier.

Proposal 4: Support RB-level comb pattern for PRS, e.g., PRS pattern shown in Figure 2



[bookmark: _Ref4766679]Figure 3 RB-level comb for PRS which can also be viewed as “01”muting pattern in the frequency domain

Generation of PRS sequence and aperiodic/semi-persistent PRS
 In AH#1, it was agreed to generate sequences using PRS sequence ID. Furthermore, in RAN1#96b, it was agreed to use the gold sequence generator, as defined in TS 38.211, to generate the sequences. Details related to the generation need to be discussed.
Finally, configuration of PRS should be panel/TRP specific, following RS designs in NR. Such flexibility will allow configuration of unique PRS to different panels or TRPs. PRS sequences should be generated with the unique ID, following the sequence designs for NR-DMRS, NR CSI-RS or NR-SRS. The ID should be configurable semi-statistically. Using configurable IDs, it should be possible to provide PRS to large number of devices in a scenario like IIoT. Since PRS will occupy multiple symbols, the initialization seed should depend both on symbol and slot index.
There could be a need to perform burst positioning to find approximate location of the equipment. In such a case, a burst of slots containing PRS can be sent for UE to perform quick measurement. As described above, density of PRS can be configured and a burst of high density PRS can be sufficient to locate equipment. A trigger from UE to initiate positioning process should be supported, i.e., UE can directly request gNB for PRS transmission. In addition, transmission of PRS for pre-determined window of time should be supported in NR. Such configuration will be useful when locating sensors within a specified amount of time, but stop tracking after the search time limit is reached.

Proposal 5: Support both aperiodic and semi-persistent PRS, in addition to periodic PRS

PRS configuration and multiplexing with other channels
 During the SI phase, there were discussions on whether PRS should be part of CSI-RS, similar to TRS which is a part of configuration for CSI-RS. As CSI-RS is optimized and tightly integrated in the Rel. 15 MIMO framework, our recommendation is to establish dedicated RS for positioning, since many of the adopted features such as PRS patterns are too complex to be realized using the CSI-RS framework. Whether existing RS such as CSI-RS can be used for positioning should be up to implementation. Thus we make the following proposal

Proposal 6: Support a new PRS which cannot be configured as a part of CSI-RS

Prioritization or pre-emption of PRS with other channels should be considered. Since SSB is used for initial access, to protect integrity of initial access, multiplexing PRS and SSB should not be supported. Multiplexing PRS with other channels may be considered. 

Proposal 7: PRS and SSB should not collide in the same RBs
Conclusion 
In this contribution we made the following proposals related to DL PRS densities and configuration.

Proposal 1: In addition to {2, 4, 6}, support comb 12

Proposal 2: In addition to {2, 4, 6}, support 12 as the number of configurable symbols for PRS

Proposal 3 : cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size should be supported. The following patterns should be supported. 
· Comb-2 for 4, 6 and 12 symbols, 
· Comb-4 for 12 symbols
· Comb-6 for 12 symbols

Proposal 4: Support RB-level comb pattern for PRS, e.g., PRS pattern shown in Figure 2

Proposal 5: Support both aperiodic and semi-persistent PRS, in addition to periodic PRS

Proposal 6: Support a new PRS which cannot be configured as a part of CSI-RS

Proposal 7: PRS and SSB should not collide in the same RBs
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Appendix: 

	Agreements from RAN1#96b

Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 

Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified

Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern

Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations

Agreement:
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15. 

Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.

Agreements from RAN1#97

Agreement:
DL PRS Resource is described by at least the following parameters
· DL PRS Resource ID (previously agreed)
· Sequence ID (previously agreed)
· Comb Size-N
· RE Offset in frequency domain
· FFS whether this offset is a single value or multiple values
· Starting slot and symbol of DL PRS Resource
· FFS whether it can be represented by time offset with respect to some reference
· Number of symbols per DL PRS Resource (Duration of DL PRS Resource)
· Quasi-colocation information (QCL with other DL reference signals)
· FFS QCL type and source reference signals
· FFS: Number of Tx Ports
· FFS: Power offset b/w DL PRS and SSB
· FFS: Transmission bandwidth and starting PRB with respect to Point A
· FFS: Numerology
Note: RAN1 to discuss further whether some of the above parameters belong to Resource Set configuration and are applied to all Resources within a Resource Set or not.

Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12}
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 8, 12}
· Note: The dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters

R1-1907895	Outcome of offline discussion #2 on AI 7.2.10.1 - DL Reference Signals for NR Positioning	Intel Corporation
Agreement:
RAN1 to select one of the following alternatives for periodic DL PRS Resource Allocation at RAN1#98:
· Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level
· Common period is used for DL PRS resources within a DL PRS Resource Set
· Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level
· Different periods can be used for DL PRS resources within a DL PRS Resource Set

Agreement:
DL PRS occasion is one instance of periodically repeated time windows (consecutive slot(s)) where DL PRS is expected to be transmitted
· FFS: If this definition is introduced for muting or DL PRS resource allocation or both

Agreements from RAN1#98

Agreement:
The following parameters describing a DL PRS Resource are defined:
· Bandwidth of DL PRS Resource 
· FFS granularity of bandwidth configuration which is to be down-selected at the next meeting among the following options:
· Option 1. One PRB
· Option 2. Four PRBs
· Option 3. RBG granularity
· Option 4. One of values configurable from the set 24, 48, 96 192, 264 PRBs
· Option 5: Option 2, 3 or 4 combined with a possibility to blank PRBs at the band edges
· Option 6: Option 2, 3 or 4 combined with the maximum PRBs per carrier bandwidth
· Start PRB of DL PRS Resource is defined relative to Point A
· A single Point A for DL PRS resource allocation is provided per frequency layer. 
· UE can be configured with one or multiple frequency layers
· FFS amount of frequency layers for NR Positioning supported by UE, which is up to UE capability
· All DL PRS Resources belonging to the same DL PRS Resource Set have common Point A
· FFS whether additional constraints such as start PRB and center frequency of the bandwidth for the PRS resources are the same within a frequency layer. Resolve FFS at the next meeting.

Agreement:
· Periodicity of DL PRS allocation is configured per DL PRS Resource Set
· i.e. all DL PRS Resources of a given set have the same periodicity
· Multiple DL PRS Resource Sets can be configured per TRP
· FFS how many DL PRS Resources Sets can be configured per TRP
· The following periodicity values for periodicity of DL PRS allocation are supported
· P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 20480 is not supported for an SCS of 15 kHz
· FFS: Further restrictions on values applicable to different SCS

Agreement:
A single SCS and CP type are configured for  
· Alt. 1: A DL PRS resource set
· Alt. 2: A frequency layer

Agreement:
  is a function of PRS sequence ID, slot index and symbol index
· FFS: Other parameters and initialization details until RAN1#98bis 

Agreement:
· The RE pattern of a DL PRS resource is configured with an RE Offset in frequency domain for the first symbol in an DL PRS resource
· The relative RE offsets of following symbols are defined relative to the RE Offset in frequency domain of the first symbol in the DL PRS resource
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an DL PRS resource, the comb size for the DL PRS resource and the DL PRS symbol index within the DL PRS resource

Agreements from RAN1#98b

Agreement:
· Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs.
· 4 PRB granularity is used for DL PRS BW configuration
· Maximum BW for DL PRS in PRBs does not exceed 272 PRBs
· Minimum BW for DL PRS in PRBs is not less than 24 PRBs

Agreement:
The DL-PRS-Point A can take values given by ARFCN-ValueNR

Agreement:
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have
· the same SCS and CP type
· the same centre frequency
· the same point-A (already agreed)
· FFS: details on configured BW

Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS


	 	

R1-1911541	Feature Lead Summary #2 on AI 7.2.10.1 - DL Reference Signals for NR Positioning	Intel Corporation
Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set
· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1
· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 
· Note: UE RX beam sweeping is up to UE implementation


Agreement:
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:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID

Agreement:
· DL PRS Resource IDs are locally defined within DL PRS Resource Set
· DL PRS Resource Set IDs are locally defined within TRP
· All DL PRS Resources of the DL PRS Resource Set have the same bandwidth
· A higher layer parameter, DL-PRS-SFN0-Offset, is configured
· Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of FFS for RAN2 WG 1) serving TRP or 2) serving cell 3) etc.
· FFS values
· A higher layer parameter, DL-PRS-ResourceSetSlotOffset, is configured
· Defines slot offset with respect to SFN slot 0 for a TRP where DL PRS Resource Set is configured (i.e. slot where the first DL PRS Resource of DL PRS Resource Set occurs)
· Values: {0,1,…, DL-PRS-Periodicity-1}
The previously defined higher layer parameter, DL-PRS-RstdReferenceInfo, is used as a reference to determine the higher layer parameters, DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty
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