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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 and UL SRS (PRS) for NR Positioning. Our views on other NR Positioning aspects are provided in our companion contribution [4]-[7] .
DL Reference Signals for NR Positioning
DL PRS Resource Allocation 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, distributed antennas, support of neighboring cells, etc. The discussed structure is somewhat similar to CSI-RS configuration, which is further extended and introduces DL PRS specific components.


[bookmark: _Ref4316887]Figure 1: Structure for configuration of DL PRS transmissions
DL PRS Resource Pool
DL PRS Resource pool is a periodically repeated amount of resources in the system dedicated for DL PRS transmission by all or a subset of gNBs. Figure 1 illustrates an example of DL PRS resource pool configuration. DL PRS resource pool configuration may require the following attributes:
Pool Id
Bandwidth
· Indicates the bandwidths used for DL PRS, following options can be used 
Periodicity and Time Offset
· Periodicity defines the amount of time between two consecutive DL PRS pools
· Periodicity offset defined in slots with respect to SFN = 0
Slot Pattern
· 	Indicates which slots are configured for DL PRS transmission on a given DL PRS resource
· Slot pattern may be needed to allocate non-consecutive slots for DL PRS transmission. It is defined with respect to the slot indicated by (Periodicity and Offset)
Symbol Pattern 
· 	Indicates which symbols inside the slot are configured for DL PRS transmission on a given DL PRS resource


Figure 2: DL PRS Pool Structure


DL PRS Resource Pool is described by the following attributes
Pool Id
Bandwidth
Periodicity and offset
Slot Pattern
Symbol Pattern

DL PRS Resource Set
The DL PRS Resource Pool contains DL PRS Resource sets which are dedicated to a single gNB or a set of gNBs. The aggregation of DL PRS Sets in Resource Pool is convenient from the perspective of localized in time transmission of the DL PRS signals. DL PRS Resource Sets may have the following attributes:
Cell ID
· Indicates to which cell the configured DL PRS Resource Set belongs to
Resource Set ID
· Identifies configured DL PRS Resource Set
List of DL PRS Resource IDs
· Indicates DL PRS Resources composing given DL PRS Resource Set
Resource Set Type
· Periodic, semi-persistent
· Note: aperiodic type can be supported by semi-persistent with only one resource configured if it is supported
Same TX antenna port(s) (repetition)
· Indicates whether the same spatial TX filter is applied across all DL PRS Resources within a Resource Set. Needed for RX antenna training
Muting Bitmap for activation/deactivation of DL PRS transmission occasions
· Indicates whether given DL PRS transmission occasion is used for DL PRS transmission or not


Configuration of DL PRS Resource Set is supported for NR Positioning
	DL PRS Resources within DL PRS Resource Set have the same bandwidth, duration, number of antenna ports and cell ID

DL PRS Resource 
DL PRS Resource Set is a container of DL PRS Resources. Each 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) or contain a set resources for geographically distributed antennas (e.g. TRPs that belong to the same gNB). DL PRS Resource may have the following attributes:
Resource Element Mapping Pattern
· 	Defines resource element mapping pattern for each symbol of DL PRS resource
· Each mapping pattern has unique number of occupied symbols
Frequency shift
· 	Points to the frequency shift of defined DL PRS resource element mapping pattern
Number of Ports
· Indicates number of antenna ports per DL PRS resource - 1 or 2
Resource ID
· 	Unique ID for DL PRS resource, which is associated with unique time/frequency resources and the beam ID
Offset in time
· 	Points to the first OFDM symbol where DL PRS resource starts within a DL PRS pool
Resource Duration 
· Duration of a single DL PRS resource. The notion of occasions may be needed to apply various DL PRS transmission schedules including DL PRS muting patterns across occasions
· Note: It can be a common parameter across DL PRS Resources or DL PRS Resource Sets
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 by the following attributes
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)
The following parameters are expected to have the same settings across all DL PRS Resources within DL PRS Resource Set:
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)

Coexistence with Legacy UEs/DL PRS Transmission
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 Design
DL PRS Sequence
In this section, we provide our view on sequence generation procedure for DL PRS signal. The DL PRS sequence design may require evaluation of auto- and cross-correlation properties, we have selected three types of sequences as a candidates for DL PRS sequence:
Gold code sequence
Kasami sequence, small and large set
M-sequence
For Gold code sequences, we have selected the pseudo-random sequence generator from section 5.2.1 in [2]. Kasami set of sequences is a well-known class of orthogonal sequences [3]. Both small and large set of Kasami sequences were evaluated. M-sequence generation was based on 30 bits linear feedback shift register.
Figure 3 contains correlation analysis of the described sequences. As it can be seen from the Figure 3, m-sequence has worse correlation statistic comparing to other options. The Gold sequence and the large set of Kasami sequences have relatively similar correlation statistic for long sequence lengths. For short sequence lengths, Gold code based sequences have better performance. The small set of Kasami sequences has the best correlation statistic but the main drawback of these sequences is the limited number of orthogonal sequences.
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[bookmark: _Ref4751862]Figure 3: Correlation properties of DL PRS candidate sequences 


Small set of Kasami sequences has the best auto/cross correlation properties among all analyzed sequences, but the number of orthogonal sequences is limited (2N/2 orthogonal sequences, where N is even integer number) which limits application of this type of sequences for DL PRS utilization
The Gold sequence and the large set of Kasami sequences have relatively similar correlation statistic for long sequence length. For short lengths, Gold code based sequences have better performance

According to provided statistic, it is suggested to reuse the pseudo-random sequence generator from section 5.2.1 in [2] for DL PRS sequence generation procedure, thus, DL PRS signal for each slot index  and symbol index inside of the slot , may have following form:

where the initialization seed for the generation is defined according to following formula:


where  equals  unless configured by higher layers.


[bookmark: _GoBack]DL PRS sequence design is based on Gold code sequence generator

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 4 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 avoide 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 4: 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 5 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 5: 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.

Based on above observation, we suggest to support comb-Ncomb structure in frequency for DL PRS, where Ncomb = {1, 2, 3, 4}. Time occupation of a single DL PRS resource consists of Ncomb∙X consecutive symbols, X – configurable natural number. Figure 6 depicts suitable sets of comb-N patterns.


[bookmark: _Ref4845924]Figure 6: PRB mapping pattern of DL PRS mapping

The number of beams for DL PRS signal transmission within Resource Set can be designated as NPRS_BEAM. Each beam is assigned with unique DL PRS resource, and the total number of occupied symbols is equal to Ncomb∙∙NPRS_BEAM. Figure 7 depicts an example of DL PRS mapping pattern with 2 and 4 beams.


[bookmark: _Ref5098466]Figure 7: DL PRS Resource Set example

Figure 8 illustrates an example of DL PRS mapping pattern configuration, where following parameters are introduced:
Frequency shift for comb frequency pattern
Time offset for DL PRS Resource Set
DL PRS Resource time offset



[bookmark: _Ref4855174]Figure 8: An example of DL PRS mapping pattern determination


Apply comb-N resource element mapping for DL PRS, where N = {1,2,3,4}

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.

DL PRS Relationship with DL BWPs
NR DL PRS configuration should not be restricted by DL BWP(s) configured to UE. At the same time, from specification perspective, it may be easier to associate one of the DL BWP(s) with NR DL PRS (“positioning DL BWP”) and configure it to UE. This approach does not impose any constraints on DL PRS configuration. From UE perspective, it may imply processing of DL PRS signals only within “positioning DL BWP”. One of the configured DL BWPs (associated with PRS) can be always aligned with NR DL PRS configuration parameters. If UE DL PRS processing bandwidth is less than the bandwidth of the configured DL PRS, gNB can configure the “positioning” DL BWP according to the UE processing capabilities.


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

In order to process DL PRS, a UE (interested in positioning) may need to switch between active DL BWP and “positioning” DL BWP, if necessary. The UE does not need to switch, if “positioning” DL BWP is allocated within active DL BWP.


Assumptions of DL BWP switching are reused for DL PRS processing

DL PRS Quasi-collocation Aspects
DL PRS from the serving cell can be associated by means of quasi-collocation with other reference signals (e.g. NR Rel.15/16). For that purpose, quasi-collocation signaling can be used.


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

DL PRS Transmission Schedule
Transmission on dedicated NR DL PRS Resources should support DL TX beam sweeping and on/off of DL PRS transmission on allocated DL PRS resources. This functionality is important to enable accurate measurement of signal location parameters for as many TRPs as possible in interference limited scenarios. In order to enable on/off operation, the notion of occasion was introduced inside of DL PRS Resource, where occasion determines consecutive number of symbols (overall resource is represented by multiple occasions).
In practice, we can foresee two types of deployment scenarios: 1) enhanced positioning area and 2) basic deployments (non-optimized from positioning perspective). In enhanced positioning areas, proper amount of spectrum resources as well as optimized PRS transmission schedule can be configured to UEs. In basic deployments, the randomized transmission on DL PRS Resource should be supported to improve positioning performance. Therefore in terms of PRS transmission at least two modes of operation should be supported by NR.
For NR positioning, several types of randomization are possible and can be supported:
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
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

It should be noted that for PTM2, we assume that UE can derive PRS transmission schedule, so that there is no need to blindly detect PRS transmission or measure signal location parameters, if there is no actual PRS transmission. The UE is expected derive DL PRS transmissions based on pseudo-random rule. The support of PTM2 is beneficial from interference randomization perspective in basic deployment scenarios, while PTM1 can be applied for deployments targeting enhanced positioning areas.

UL Reference Signals for NR Positioning
UL SRS was agreed to be used as a starting point for NR Positioning in UL and DL+UL positioning techniques. It was designed for UL channel sounding and beam management. SRS Resources can be combined in SRS Resource Sets. Each SRS Resource can be configured with 1, 2, or 4 antenna ports, transmitted in 1, 2 or 4 consecutive symbols at the end of slot with a configurable signal bandwidth. NR SRS is represented by Zadoff-Chu sequences (if sequence length > 36) and has comb structure. The NR SRS Resource Set can be configured as periodic or on-demand (semi-persistent or aperiodic). Sequence generation is a function of nSRSID, slot and symbol number. The NR SRS supports group or sequence hopping as well as frequency hopping.
Following options can be a potential enhancement for SRS design in order to improve UL PRS capability:
Extended number of supported symbols for NR UL SRS
Reduced occupied subcarrier density of UL SRS by applying comb-6/ comb-12 transmission configuration
Mechanism to improve UE multiplexing capacity for positioning

Increased Number of SRS Symbols
Increased number of symbols used for UL SRS transmission up to number of symbols in slot will increase the SRS link budget which leads to improvement of UL based positioning performance. Thus the number of symbols used for UL SRS transmission can be extended to additionally cover 8 and 14 symbols per slot.


For the purpose of NR positioning, increase number of symbols for UL SRS (PRS) transmission within single UL SRS (PRS) Resource to 8 and 14.

Reduced occupied subcarrier density 
Another SRS enhancement is to decrease the number of allocated subcarriers per PRB assuming utilization of comb-6 and comb-12 transmission configuration for UL SRS. It can increase the link budget and as a result can improve UL based NR positioning performance. 


For the purpose of NR positioning, additionally support comb-6 and comb-12 transmission patterns for UL SRS(PRS) configuration

UE Multiplexing Capacity Consideration 
Utilization of UL SRS for positioning purposes can potentially lead to more frequent UL SRS scheduling for users involved into UL positioning or DL+UL positioning in NR, which can be a problem due to limited multiplexing capabilities. In order to increase the number of user assigned with the same set UL SRS without any significant performance degradation, a CDM in time and frequency can be used for UL SRS sequence generation. As an additional orthogonalization approach the special time and frequency domain spreading sequences can be applied to for generation of SRS sequence. The SRS sequence generation procedure corresponds to the following formula:

 – SRS sequence calculated according to section 6.4.1.4.2 in TS 38.211 [2];
 – frequency spreading sequence;  – time spreading sequence.
Spreading sequences can be orthogonal based on Hadamard matrices, DFT based matrices or pseudo orthogonal based of randomly generated sequences.


Further consider to introduce time and frequency domain code multiplexing for UL SRS (PRS) in order to increase the UE multiplexing capacity for NR positioning in UL

Conclusion
In this contribution, we have provided initial views on DL and UL reference signal designs for NR positioning and provided following proposals:
Proposal 1: 
DL PRS Resource Pool is described by the following attributes
Pool Id
Bandwidth
Periodicity and offset
Slot Pattern
Symbol Pattern
Proposal 2: 
Configuration of DL PRS Resource Set is supported for NR Positioning
	DL PRS Resources within DL PRS Resource Set have the same bandwidth, duration, number of antenna ports and cell ID
Proposal 3: 
DL PRS Resource is described by the following attributes
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)
The following parameters are expected to have the same settings across all DL PRS Resources within DL PRS Resource Set:
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)
Proposal 4: 
DL PRS sequence design is based on Gold code sequences generator
Proposal 5: 
Apply comb-N resource element mapping for DL PRS, where N = {1,2,3,4}
Proposal 6: 
· NR positioning supports configuration of two antenna ports for DL PRS transmission.
Proposal 7: 
DL PRS transmissions are multiplexed in time with other DL reference signals / channels.
Proposal 8: 
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
Proposal 9: 
Assumptions of DL BWP switching are reused for DL PRS processing
Proposal 10: 
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
Proposal 11: 
Two modes of DL PRS transmission are supported by NR
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
Proposal 12: 
For the purpose of NR positioning, increase number of symbols for UL SRS (PRS) transmission within single UL SRS (PRS) Resource to 8 and 14.
Proposal 13: 
For the purpose of NR positioning, additionally support comb-6 and comb-12 transmission patterns for UL SRS(PRS) configuration
Proposal 14: 
Further consider to introduce time and frequency domain code multiplexing for UL SRS (PRS) in order to increase the UE multiplexing capacity for NR positioning in UL
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