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Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA 
In this document, we discuss design of DL PRS for NR Positioning based on agreements made by RAN1 WG at the previous meeting (see Annex-A). Our views on other NR Positioning aspects are provided in our companion contributions [3]-[5].
Configuration of DL Reference Signals for NR Positioning
DL PRS Configuration Aspects
The overall resource allocation for DL PRS may be structured in DL PRS Resource, DL PRS Resource Set and pool of DL PRS Resource Sets (see Figure 1). The illustrated structure provides flexibility to describe PRS transmission settings in various deployment scenarios including support of beamforming/beam-sweeping, support of neighboring cells, etc.


[bookmark: _Ref4316887]Figure 1: Structure for configuration of DL PRS transmissions
With respect to DL PRS Resource Set and Resources, the following agreements were made by RAN1:
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)

DL PRS Resource Pool
In our view in order to reflect multi-cell environment the DL PRS Resource pool should be introduced on top of DL PRS Resource Set. DL PRS Resource Pool is a periodically repeated amount of DL PRS Resources representing the dedicated time-frequency resource grid for DL PRS transmissions. Figure 2 illustrates an example of DL PRS Resource Pool configuration. The DL PRS Resource Pool configuration may require the following attributes:
DL PRS Pool ID
· If multiple DL PRS Pools are defined, the ID can differentiate different pools
DL PRS Pool Bandwidth and Offset
· Indicates the bandwidth of the dedicated grid for allocation of DL PRS resources and offset in frequency with respect to Point A of a given carrier
· For simplicity it can be assumed that all DL PRS Resources within a Pool have the same bandwidth
DL PRS Pool Periodicity and Time Offset
· Periodicity defines time interval between two consecutive occasions of DL PRS Pool in time
· Offset indicates starting slot with respect to SFN = 0
Slot Pattern
· 	Indicates which slots are configured/available for DL PRS transmission within a given DL PRS Resource Pool occasion
· Slot pattern may be needed to allocate non-consecutive slots for DL PRS transmission. It is defined with respect to the slot indicated by (DL PRS Pool Periodicity and Time Offset)
Number of slot pattern repetitions
Start symbol and end symbol (or number of symbols) within a slot for DL PRS transmission
· 	Indicates consecutive set of symbols inside the slot for DL PRS transmission on a given DL PRS resource



[bookmark: _Ref7780479][bookmark: _Ref7780442]Figure 2: DL PRS Pool Structure


DL PRS Resource Pool is described at least by the following attributes
DL PRS Pool ID
DL PRS Pool Bandwidth and Frequency Offset
DL PRS Pool Periodicity and Time Offset of DL PRS Resource Pool
Slot Pattern and Number of Repetitions
Start Symbol in Slot and Number of Symbols per Slot

DL PRS Resource Set
The DL PRS Resource Pool can be considered as a list of DL PRS Resource Sets with common parameters. The aggregation of DL PRS Sets in Resource Pool is convenient from the perspective of localized in time transmission of the DL PRS signals.
Each DL PRS Resource Sets may have the following attributes:
Cell ID
· Indicates to which cell the configured DL PRS Resource Set belongs to
PRS ID
· Positioning configuration parameter.
· FFS whenever multiple PRS ID values can be assigned to a single TRP
DL PRS Resource Set ID
· Uniquely identifies configured DL PRS Resource Set
Time Offset of DL PRS Resource Set
· 	Provides time offset to the start symbol of a given DL PRS Resource Set inside of DL PRS Resource Pool
List of DL PRS Resource IDs
· Uniquely identifies DL PRS Resources in a given DL PRS Resource Set
Spatial filter /Tx port information
· Indicates whether the same spatial Tx filter and antenna port is applied across all DL PRS Resources within a DL PRS Resource Set. Needed for RX antenna training across DL PRS Resources


	DL PRS Resource Set is described at least by the following attributes
Cell ID
DL PRS Resource Set ID
Time Offset of DL PRS Resource Set
List of DL PRS Resource IDs
Spatial Filter / Tx Port Information

DL PRS Resource
DL PRS Resource Set is a container of DL PRS Resources. Each DL PRS Resource indicates actual time-frequency allocation (resource elements) for transmission of DL PRS from a given transmission point with the fixed spatial filter. The DL PRS Resource Set can support beamforming at gNB/TRP (i.e. different spatial filters in FR2). DL PRS Resource may have the following attributes:
DL PRS Resource ID
· 	Unique ID of DL PRS Resource, which is associated with unique time/frequency resources and the beam ID
Comb-N Resource Element Pattern
· 	Defines Comb-N resource element mapping pattern for each symbol of DL PRS Resource
Frequency vShift
· 	Indicates frequency shift for Resource Element Comb Pattern for each symbol of DL PRS Resource
Time offset of DL PRS Resource
· 	Points to the first OFDM symbol where DL PRS Resource starts within a DL PRS Resource Set occasion
Number of symbols per DL PRS Resource (duration)
· Duration of a single DL PRS Resource
· Note: It can be a common parameter across DL PRS Resources of DL PRS Resource Sets or even within DL PRS Resource Pool
Number of Tx Ports
· Indicates number of TX antenna ports per DL PRS Resource - 1 or 2
· Note: It can be a common parameter across DL PRS Resources of DL PRS Resource Sets or within DL PRS Resource Pool
DL PRS Resource Sequence ID
· Used to generate pseudo-random DL PRS sequence(s)
Quasi-Collocation Information (TCI state ID)
· 	Indicates whether given DL PRS signal resource is quasi-collocated with any of reference signals


DL PRS Resource is described at least by the following attributes
DL PRS Resource ID
Comb-N Resource Element Pattern
Frequency vShift
Time Offset of DL PRS Resource
Number of symbols per DL PRS Resource (duration)
Number of Tx Ports
DL PRS Resource Sequence ID
Quasi-colocation information (QCL with other reference signals)

Based on analysis of initial configuration setting provided above we suggest that the following listed parameters have common configuration settings: bandwidth, Comb-N pattern, number of symbols per resource, number of Tx ports per resource.


The following parameters have common value across all DL PRS Resources within all DL PRS Resource Sets of a given DL PRS Resource Pool:
Bandwidth (equal to the bandwidth of DL PRS Resource Pool)
Comb-N Resource Element Mapping Pattern
Number of symbols per DL PRS Resource (duration)
Number of Tx ports per DL PRS Resource

DL PRS Coexistence w/ DL Transmissions
In Rel.15, mechanisms of forward compatibility were developed, e.g. RateMatchPattern for PDSCH, etc. This mechanism indicates resources (slots and symbol and PRBs), where UE is expected to do rate-matching. By configuring proper RateMatchPattern(s) to Rel.15 UEs it is possible to avoid conflict with DL PRS transmission. Another option is to allocate DL PRS transmissions in slots that are not supposed to have DL transmission due configuration settings and gNB scheduling.


The developed in Rel.15 forward compatibility mechanisms (e.g. RateMatchPattern) can be reused to avoid conflicts with Rel16 DL PRS allocation

DL PRS Transmission Schedule & Muting
The following agreements were made by RAN1 WG with respect to DL PRS transmission schedule and muting support.
	RAN1#96bis Agreements
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

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


In this section, we provide more details on transmission schedule and muting principles for NR positioning.

TRP DL PRS Resource Configuration
The following options should be taken into account during DL PRS resource configuration on a TRP side:
Number of DL PRS Resource Sets per TRP
· Single DL PRS Resource Set per TRP
· Multiple DL PRS Resource Sets per TRP
Spatial filter configuration per DL PRS Resource Set
· Different spatial filters are used across DL PRS Resources inside DL PRS Resource Set (TX sweep)
· Same spatial filter is used by all DL PRS Resource(s) inside DL PRS Resource Set (RX sweep)
Spatial filter configuration changes across DL PRS Resource Pool periods
· Repeated Tx beam across DL PRS Resource Pool periods
· Different Tx beams across DL PRS Resource Pool periods
TRP can be configured with a single or multiple DL PRS Resource Sets that may have different impact on UE behaviour in terms of TX/RX beam sweeping.
Single DL PRS Resource Set per TRP:
Option 1. Tx Sweep across DL PRS Resource Pool Periods. In this case, all DL PRS Resources within a DL PRS Resource Set can be configured with the same spatial filter / Tx port. The Tx sweep can be enabled across different DL PRS Resource Pool periods:
· Full set of Tx-Rx beam pairs can be collected over multiple DL PRS Resource Pool periods, assuming that receiver sweeps Rx beam across DL PRS Resources of DL PRS Resource Set.
Option 2. Rx Sweep across DL PRS Resource Pool Periods. In this case, each DL PRS Resource inside DL PRS Resource Set is associated with different Tx beam (i.e. Tx sweep is applied inside of DL PRS Resource Set)
· Full set of Tx-Rx beams can be collected over multiple DL PRS Resource Pool periods, assuming that receiver sweeps Rx beams across DL PRS Resource Pool periods. It is assumed that DL PRS transmissions on DL PRS Resources use the same TX port across DL PRS Resource Pool Periods.

Multiple DL PRS Resource Sets per TRP
Option 1. Tx Sweep across DL PRS Resources and Rx Sweep across DL PRS Resource Sets. In this case, each Resource of the DL PRS Resource Set has different Tx beam, while receiver changes beam across DL PRS Resource Sets
· Full set of Tx-Rx beams can be collected, within single DL PRS Resource pool period assuming that receiver sweeps Rx beam across DL PRS Resource Sets (DL PRS Resources have the same Tx port across periods)
Option 2. Tx Sweep across DL PRS Resource Sets and Rx Sweep across DL PRS Resources. In this case, all DL PRS Resources within a DL PRS Resource Set are configured with the same spatial filter / Tx port. The Tx sweep is enabled across different DL PRS Resource Sets.
The main difference of multiple DL PRS Resource Set configurations per TRP is that full set of TX/RX beam pairs can be obtained within single DL PRS Resource Pool period, while multiple DL PRS Resource Pool periods may be needed in case of single set per TRP, unless RX sweeping within resource is assumed. 
In general case, combination of TX/RX beam sweeping over Resources of DL PRS Resource Sets as well as across DL PRS Resource pool periods can be applied in practice. 


NR positioning supports configuration of multiple DL PRS Resource Sets per TRP

DL PRS Muting Mechanism
This section describes the transmission schedule procedures and DL PRS muting mechanism which is dedicated to control the amount of DL PRS transmissions and thus reuse factor in the system. In this section, the pattern based muting mechanism is described. This mechanism is based on introduction of pattern which controls the DL PRS transmission on a given DL PRS Resource or DL PRS Resource Set. Predefined pattern based muting mechanism can be used to enable
Predefined DL PRS Transmission Mode
Randomized DL PRS Transmission Mode
The muting mechanism can be classified based on level of resource granularity of muted PRS transmission. In general case, the following options can be identified for pattern based muting:
Intra-Resource Muting: Muting of PRS transmissions on subset of time-frequency resources inside of DL PRS Resource
Resource Muting: Muting of PRS transmissions on subset of DL PRS Resources inside of DL PRS Resource Set
Resource Set Muting: Muting of PRS transmissions on subset of DL PRS Resource Sets within DL PRS Resource Pool instance
TRP Muting: Muting of dedicated TRPs configured with a DL PRS Resource Pool
Resource Pool Muting: Muting of DL PRS Resource Pool configured for PRS transmission in the system
The most promising mechanisms for future consideration are Resource or Resource Set based muting mechanisms.
Muting Procedure Based on Pattern
Pattern approach for muting assumes configuration of bitmap pattern (similar to LTE Positioning) which contains one-to-one correspondence between DL PRS Resource/Resource Set/TRP/Pool/etc. and bit positioning inside of the pattern. As it was described previously, several level of muting based on pattern approach can be applied.
Resource muting
A muting pattern can be applied on a DL PRS Resource level, where the muting rule is capable to activate or deactivate subset of DL PRS Resources inside of DL PRS Resource Set. Figure 3 illustrates an example of DL PRS Resource based muting.


[bookmark: _Ref7172097]Figure 3: Example of PRS Resource activation using muting pattern approach
If muting is applied per DL PRS Resource then muting pattern configuration should be a part of DL PRS Resource Set configuration.
Resource Set muting
The muting pattern mechanism can be applied on a DL PRS Resource Set level as it is illustrated in Figure 4, where the number of active Resource Sets available for DL PRS transmission is defined but the muting pattern.



[bookmark: _Ref7172588]Figure 4: Example of PRS Resource Sets activation using muting pattern approach
If muting is applied per DL PRS Resource Set then muting pattern configuration should be a part of DL PRS Resource Pool configuration.

Types of DL PRS Muting Patterns
Muting pattern can be configured in the following ways:
Pre-configured fixed pattern. The same muting pattern is applied across different DL PRS Resource Pool periods and can be changed only by network (re)-configuration signaling. The potential drawback of the pre-configured fixed DL PRS muting pattern is that resources allocated for PRS transmission are the same across different periods. This may cause interference between different collided TRPs. The pre-configured fixed pattern may be used for predefined DL PRS transmission mode that may be optimized for specific deployment.
Time-variable pattern. In this case, muting pattern dynamically changes per DL PRS Resource Pool period using pre-defined rule, which provides randomization in time of DL PRS transmissions across different resources. As an example for predefined rule, the following mechanisms for muting pattern re-configuration can be used:
· Selection of a single muting pattern from a list of pre-configured muting patterns
· Reconfiguration of fixed muting pattern based on predefined equation/rule

With help of time-variable pattern reconfiguration, the randomized DL PRS transmission mode can be supported. In order to achieve randomization, each TRP and UE can be configured with a list of muting patterns associated with DL PRS Resource Set, the selection of the actual pattern for current time instance (e.g. DL PRS Resource Pool period) can be defined as a random selection process or selection based on counter (e.g. each time stamp TRP selects next pattern as an muting pattern). Alternatively, predefined rules or equations can be used to apply different patterns in time for dynamic pattern reconfiguration:
Cyclic shift of the defined muting pattern
· Random cyclic offset
· Selection of cyclic offset based on predefined rule
Selection of K elements from N-element array, where K – muting pattern size and K – number of non-zero elements in the muting pattern.
· Random selection of K elements inside of the N size pattern
· Predefined rule selection

Figure 5 illustrates, the example of dynamically configured muting pattern, where 4 TRPs share 3 DL PRS Resources, in different time instances, different combination of TRPs collide with each other creating dynamic interference environment at each time instance.



[bookmark: _Ref7364432]Figure 5: Example of muting pattern re-configuration


NR supports DL PRS Resource Set based muting mechanism based on fixed muting pattern
NR supports DL PRS Resource Set based muting mechanism based on time-variable muting pattern

On top of muting mechanism, the beam permutation/rotation can be also used for NR positioning. The principle of the beam permutation is to change beams applied on different DL PRS Resources within DL PRS Resource Set in time. For instance the new permutation may be changed every DL PRS Resource Pool transmission period.
[bookmark: _GoBack]
DL PRS Design
The following agreements were made with respect to DL PRS design at the RAN1#96bis meeting:
	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

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

Number of DL PRS Sequence IDs is at least 4096

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



Number of DL PRS Sequences
As it was agreed at the previous meeting the amount of DL PRS sequences is at least 4096. In our view, the 4096 sequences is sufficient number for NR Positioning purposes.


Keep 4096 as a number of sequences for NR Positioning

DL PRS Sequence Initialization
RAN1 agreed to reuse the pseudo-random sequence generator from section 5.2.1 in [2]. Discussion on initialization of generator for DL PRS Resource sequence generation requires more progress on DL PRS Resource allocation. For instance, it may be dependent on support of TX/RX sweep and how it is implemented across Resource Sets or across Resources within Set or any other options are considered. For RX Sweeping with unknown timing it may be desirable to generate repeated signal in order to enable sweep with reduced complexity at UE RX side.
In general the following equation may be considered as a starting point for discussion in cases where no RX sweeping is assumed e.g. for operation in FR1:

where  equals  (Resource or Resource Set ID), TRP specific parameter for positioning configuration,  – slot number within a subframe,  – symbol index inside of the slot.


Continue study on initialization of DL PRS sequence generator considering support of RX beam sweeping at UE side

DL PRS Resource Element Mapping
This section discusses the resource mapping procedure of DL PRS. In cases when there is no initial synchronization, the receiver may initiate the measurement procedure in a relatively large time window, trying to correlate known transmitted sequence with received signal. Figure 6 illustrates the impact of a single symbol comb-N frequency mapping of reference signal on autocorrelation function. The number and time offset between false correlations peaks depend on value of N.
The simple and robust way to avoid these false peaks – use staggered frequency pattern so that each subcarrier is occupied by the reference signal. Another solution is to estimate propagation delay in frequency domain, but this approach requires more accurate initial synchronization between transmitter and receiver.
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[bookmark: _Ref4764590]Figure 6: Correlation alias peaks caused by comb-N signal structure

One more aspect that influences on resource element mapping pattern design is the residual frequency synchronization error that can brings additional challenges to propagation delay estimation. Figure 7 contains the impact of CFO on output of autocorrelation function for staggered comb-N reference signal mapping. As it can be seen from the figure, false peaks can make the estimation procedure more complicated, therefore staggered pattern should be limited in time in order to decrease the impact of CFO on time domain autocorrelation function.

	FR 1, fc = 4 GHz, SCS = 15 kHz, CFO = 600 Hz
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	FR 2, fc = 30 GHz, SCS = 60 kHz, CFO = 4.5 kHz
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[bookmark: _Ref4766227]Figure 7: Correlation alias peaks caused by CFO


Staggered pattern should be limited in time in order to decrease the impact of CFO on time domain autocorrelation function.

From one side, the increased comb-N factor of frequency mapping causes additional alias peaks that may affect the processing procedure, but from another side it allows to use tighter multiplexing of different PRS Resources in frequency and apply PRS boosting gain on occupied resources which is efficient for coverage limited scenarios. Based on observation above, we suggest to support comb-Ncomb structure in frequency for DL PRS, where Ncomb is configurable from the set {2, 4, 6}.
It is proposed to support following relationships between comb-N frequency mapping structure and number of occupied symbols for PRS Resource configuration:
Full staggered resource mapping pattern, which implies each subcarrier in the allocated bandwidth is occupied by PRS
Half staggered resource mapping pattern, which implies each odd or even subcarrier in the allocated bandwidth are occupied by PRS
Figure 8 illustrates an example of full and half staggered resource element mapping. The maximum possible number of occupied symbols for PRS Resource should be limited with number of symbols available for PRS transmission inside of the slot e.g. if 2 symbols are allocated for CORESET, then 12 – is the maximum number of OFDM symbols allocated for PRS Resource. Minimum number of symbols allocated for mapping pattern should be equal to 2.



[bookmark: _Ref7447652]Figure 8: Example of resource element mapping pattern for PRS Resource


DL PRS Resource occupies {2, 4, 6, 8} symbols
FFS 12 symbols
DL PRS Resource supports comb-N resource element mapping, where N = {2, 4, 6}
Further study and downselect between full staggered, half staggered and non-staggered comb patterns for NR DL PRS RE mapping

Number of DL PRS Antenna Ports
In study phase, RAN1 WG agreed that single port DL PRS physical structure is supported. In this section, we argue in favor of supporting two antenna ports for DL PRS. In our view, adding one more port does not necessarily imply more spectrum resources needed and does not add much complexity to the RX processing but benefits performance due to TX diversity support. In particular, two port transmission can improve timing estimation accuracy, which is confirmed by link level evaluation results depicted in Figure 9.
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[bookmark: _Ref4855030]Figure 9: Link level performance of propagation delay estimation error for 1 and 2 PRS Tx antenna ports.


NR positioning supports configuration of two antenna ports for DL PRS transmission.

DL PRS Multiplexing with DL Transmissions
TDM
TDM transmission of DL PRS signals with other DL signals/channels is preferred in both FR1 and FR2. This will help to avoid dynamic range and in-channel selectivity issues at the UE side leading to more predictable performance and accurate measurements. RAN1 has already agreed on allocation of dedicated resources for DL PRS transmission. It should be clarified further the DL PRS transmissions are TDM with other DL signals/channels.
FDM
FDM transmission of DL PRS with other DL signals/channels is not preferred in both FR1 and FR2, and should be precluded at least for FR2. The FDM of DL-PRS with other signals may negatively affect the UE dynamic range and lead to unpredictable results, considering wideband beam management.


DL PRS transmissions are multiplexed in time with other DL reference signals / channels.

Conclusion
In this contribution, we have provided our views on DL reference signal design for NR positioning. In summary, we have following proposals:
Proposal 1: 
DL PRS Resource Pool is described at least by the following attributes
DL PRS Pool ID
DL PRS Pool Bandwidth and Frequency Offset
DL PRS Pool Periodicity and Time Offset of DL PRS Resource Pool
Slot Pattern and Number of Repetitions
Start Symbol in Slot and Number of Symbols per Slot
Proposal 2: 
	DL PRS Resource Set is described at least by the following attributes
Cell ID
DL PRS Resource Set ID
Time Offset of DL PRS Resource Set
List of DL PRS Resource IDs
Spatial Filter / Tx Port Information
Proposal 3: 
DL PRS Resource is described at least by the following attributes
DL PRS Resource ID
Comb-N Resource Element Pattern
Frequency vShift
Time Offset of DL PRS Resource
Number of symbols per DL PRS Resource (duration)
Number of Tx Ports
DL PRS Resource Sequence ID
Quasi-colocation information (QCL with other reference signals)
Proposal 4: 
The following parameters have common value across all DL PRS Resources within all DL PRS Resource Sets of a given DL PRS Resource Pool:
Bandwidth (equal to the bandwidth of DL PRS Resource Pool)
Comb-N Resource Element Mapping Pattern
Number of symbols per DL PRS Resource (duration)
Number of Tx ports per DL PRS Resource
Proposal 5: 
NR positioning supports configuration of multiple DL PRS Resource Sets per TRP
Proposal 6: 
NR supports DL PRS Resource Set based muting mechanism based on fixed muting pattern
NR supports DL PRS Resource Set based muting mechanism based on time-variable muting pattern
Proposal 7: 
Keep 4096 as a number of sequences for NR Positioning
Proposal 8: 
Continue study on initialization of DL PRS sequence generator considering support of RX beam sweeping at UE side
Proposal 9: 
DL PRS Resource occupies {2, 4, 6, 8} symbols
FFS 12 symbols
DL PRS Resource supports comb-N resource element mapping, where N = {2, 4, 6}
Further study and downselect between full staggered, half staggered and non-staggered comb patterns for NR DL PRS RE mapping
Proposal 10: 
NR positioning supports configuration of two antenna ports for DL PRS transmission.
Proposal 11: 
DL PRS transmissions are multiplexed in time with other DL reference signals / channels.
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Annex A - RAN1#96bis Agreements on DL PRS
In this section, we provide summary of agreements made by RAN1 with respect to DL PRS design at the previous meeting.
	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:
Number of DL PRS Sequence IDs is at least 4096

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 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:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.
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Cross correlation alias peaks, comb-2, nSymb = 2, CFO = 600 Hz
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Cross correlation alias peaks, comb-4, nSymb = 4, CFO = 600 Hz
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Cross correlation alias peaks, comb-6, nSymb = 6, CFO = 600 Hz
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Cross correlation alias peaks, comb-2, nSymb = 2, CFO = 4500 Hz
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Cross correlation alias peaks, comb-4, nSymb = 4, CFO = 4500 Hz


image14.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

Time offset,  s

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

o

r

r

e

l

a

t

i

o

n

 

v

a

l

u

e

Cross correlation alias peaks, comb-6, nSymb = 6, CFO = 4500 Hz
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