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Introduction
The following agreements were made on the DL RS for NR positioning in RAN1#96bis [1]:
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:
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 muting is supported. The UE is expected to be indicated when the DL PRS is muted.
In this contribution, we further discuss the design of NR DL reference signal for positioning.

Design of NR DL PRS signals
Issue 1. DL PRS Resource Configuration
The following agreements were made on the DL PRS resource in RAN1#96bis [1]:
· 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. 

In [2], the following parameterswere suggested to be used to characterize DL PRS Resource.
○	[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)]

In our view, most of the above parameters need to be discussed for characterizingDL PRS Resource.  
· A sequence ID is obviously needed for DL PRS sequence generation.
· Thenumber of symbols needed to indicate the DL PRS resource. 
· Whether the number of TX antenna portsis needed depends on the decision whether to 2 antenna ports is supported for DL PRS transmission. 
· Quasi-colocation information can be included for the network to provide the QCL information when available.
· Resource Element Mapping Pattern and Frequency shifts may contain multiple parameters, e.g., the Comb number, the time and frequency location of the resource, etc., which we will further discuss in the following sections in this document.
In addition, we believe the parameters of the Time offset of DL PRS Resource and the additional parameter for “Resourceperiodicity and offset” are worthy for some further consideration as discussed in the following. 
The “Time offset” may be defined in the following two options (see Figure 1):
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option1: based on the relative location of a slot. E.g., for CSI-RS resource, the time offset is defined as the first OFDM symbol used for CSI-RS relative to the start of a slot (e.g., firstOFDMSymbolInTimeDomain).The option is very flexiblefor DL PRS resource assignment and can be used to support both cell-specific DL PRS and UE-specific (especially on demand) DL PRS configuration.
· Option2: based on the relative location of a DL PRS resource set. Option 2 requires first defining the start position of the DL PRS resource set, which may be complicated if the DL PRS resources and the start position of the DL PRS resource setare not in the same slot.
As shown in Figure1, all PRS Resources in a PRS Resource Set are multiplexed in a TDM manner.


Figure1.Illustration of option1 and option2 for “Time offset”
Theparameter of “Resource periodicity and offset” for DL PRS transmission can be defined per PRS resource or per PRS resource set.Defining the parameter per PRS resource definition offers more flexibility with the expense of highersignaling overhead while defining it per PRS resource sethas lesssignaling overhead with the expense of lowerflexibility. Considering that the PRS muting scheme has been agreed to be supported in the last meeting and PRS muting should be based on PRS resource with high flexibility, per PRS resource definition is preferred.
In LTE, the term of “PRS Positioning Occasion” is defined for RSTD measurements and thetime duration of a PRS positioning occasion can be {1, 2, 4, 6} subframes. In addition, LTE PRS supports the configuration of the periodicities of ={5, 10, 20, 40, 80, 160, 320, 640, 1280}ms.
For NR, the term of “CSI-RS occasion” is also used for CSI-RS CSI-RSRP.We suggest also using the term of “PRS Positioning Occasion” for NR. AnNRPRS Positioning Occasion may include one or more PRS resource sets and should support at least the same time durations and the same periodicities as LTE PRS Positioning Occasion when the subcarrier spacing in 15kHz in order to ensure a comparative positioning performance. 
In NR, CSI-ResourcePeriodicityAndOffset is used to configure a periodicity and a corresponding offset for periodic and semi-persistent CSI resources. It supports the periodicities of ={4, 5, 8,10,16, 20,32, 40,64, 80, 160, 320, 640} slots. CSI-ResourcePeriodicityAndOffset has actually included all PRS periodicities of the LTE PRS except the longest one with 1280ms when the subcarrier spacing is 15kHz.NR DL PRS should at least support the LTE PRS periodicities. In addition, it may also consider supporting other periodicities that are supported in NR CSI-RS if we want to consider the resource sharing between the CSI-RS and the DL PRS.
Proposal 1: DL PRS Resource is characterized by the following parameters:
· Resource ID
· Sequence ID for the generation of the pseudo-random DL PRS sequence(s). 
· Resource Element Mapping Pattern in time and frequency domain
· Time offset defined as the first OFDM symbol of thePRSResource relative to the start of a slot.
· Number of consecutive PRS symbols with the same downlink spatial domain transmission filter
· Frequency shift for each PRS symbol
· Comb number N
· Number of TX antenna ports (only if 2 ports is supported)
· Quasi-colocation information (QCL with other reference signals)
· Resource periodicity and offset 
· 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). 
· [bookmark: _GoBack]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.

Issue 2. DL PRS Resource Set Configuration
The following related agreement was made in RAN1#96bis [1]:
	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. 



Each PRS Resource Set consists of one or multiple PRS resources belonging to the same TRP, and each PRS resource in a PRS resource set is associated with a single beam.
The configuration of DL PRS can be defined and extended based on the NR CSI-RS configuration framework, which components are structured as DL PRS resource, DL PRS resource set, and DL PRS positioning occasion. For DL PRSpositioning occasion, different PRS resource sets can be aggregated for the convenience of localized or distributed transmission of the DL PRS signals from both the serving cell and neighbouring cells. To enable the flexible configurations of the PRS resources for different uses, different attributes of the PRS resource sets should be taken into considerations. 
1) PRS Resource Set ID 
A specific resource set ID to identify the DL PRS resource set of a certain TRP.
2) Time-domain behaviour
NR PRS can support the periodic, semi-persistent and aperiodic resource set type which can support the different reporting type for flexible requirements and scenarios in PRS design. Aperiodic is for the on-demand use case and maybe more efficient in FR2.
3) Tx and Rx beam sweeping
Similar to CSI-RS beam management functionalities, PRS resource sets should give the flexibilities to support the beam sweeping manner for UE to select the best Tx beam for the measurements. Rx beam sweeping can enable fine tuning or pairing for the best beam pair selection and for a better hearability. The indicator “Repetition” which can be set to “on” or “off” should be introduced for a more flexible and robust configuration for the PRS design.

Since different resources in a resource set are transmitted in the different beams, a unified configuration is suggested. For example, PRS resources in a PRS resource set should have the configuration of the same bandwidth, cell ID, the number of antenna ports, period/duration, and frequency density, etc.
Beam configuration for the PRS can be either of CSI-RS or SSB. We have the following suggestion on the resource set configurations:
· the maximum number of resources per set is 64 considering the maximum number of SSB
· further discussion should be taken to consider the maximum number of sets, and PRS positioning occasion

Proposal 2:PRS resources in a PRS resource set should have the configuration of the same bandwidth, cell ID, the number of antenna ports, period/duration, and frequency density.
Proposal 3:On the resource set configurations:
· the maximum number of resources per set is 64 considering the maximum number of SSB.
· further discussion should be taken to consider the maximum number of sets, andPRS positioning occasion.

Issue 3. DL PRS Signal Generation
Issue 3.1 Number of DL PRS antenna ports
One antenna DL PRS port has been agreed to be supported. Based on simulation results in Rel-16 SI, one antenna DL PRS port can guarantee the positioning performance by means of DL and DL&UL positioning method. Adding more antenna port will introduce more signaling,and the timing relationship between multiple antenna ports might differ. Therefore, the benefits of twoantenna ports over one antenna port should be verified with realistic assumption further before introducing the support of twoantenna ports.
Proposal4:The benefits of two antenna portsneed to be verified before making a decisionon it. 

Issue 3.2 Sequence Design and Initialization
The following agreements were made on the DL PRS sequence in RAN1#96bis [1]:
· 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

For the second FFS point in the third bullet, it will increase the UE implementation complexity to measure more than one DL PRS sequences. Therefore, it is not needed.
For the first FFS point in the first bullet, the same pseudo-random sequence generator(cinit) value for CSI-RS can be reused for DL PRSwith some modification. 
In 38.211 [3], the pseudo-random sequence generator for CSI-RS shall be initialized with



at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
First of all, no beam information for PRS resource is needed for cinit. The reason lies that the time domain information has been given intheabove equation by . 






Secondly, should be replaced by PRS sequenceID. In 38.331, the value of scramblingID and sequenceGenerationConfigis from 0 to 1023.For CSI-RS,  here is only for CSI-RS for the same cell or possibly a few nearby neighbouring cells.In LTE 36.211 [4], the value of PRS sequence ID is .Note that it has been agreed in RAN1#96bis that number of DL PRS Sequence IDs is at least 4096.As is per cell for LTE butper beam for NR, we may need more than 4096 if we consider the number of beams per cell, which depends on the design of PRS RE mapping pattern in frequency and time domain especially for FR2. If different beams from a cell are multiplexed in preconfigured TDM manner, 4096 is sufficient for  as the time domain information has been given in the above equation by .
In LTE 36.211 [4], CP type (normal CP or extended CP) is used for cinit value. For NR, it may not be useful to consider the CP since it is unlikely to have different CP for the PRS from different cells in NRdue to symbol misalignment for different CP.
[bookmark: _Toc5113974][bookmark: _Toc5113998]Proposal 5: For the randomization of the interference across PRS signals, the initialization of the pseudo-random sequence generator for the DL PRS sequences should depend on the OFDM symbol index in a slot, the slot number within a radio frame as well the PRS sequence ID as follows:


where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID,where  and M is [12].

Issue 3.3 Number of Sequences
In RAN1#96bis [1], it was agreed that the number of DL PRS Sequence IDs is at least 4096. As discussed in the previous section, we prefer supporting at least 8192 DL PRS Sequence IDs. 


In LTE, 4096 PRS IDs are used for sequence initialization and  is per cell.For NR,  is per beam and more PRS resources need to be allocated to a cell as PRS will be transmitted in beam sweeping manner (in TDM).We may need more than 4096 if we consider the number of beams per cell, which depends on the design of the PRS RE mapping pattern in frequency and time domain. 
Proposal 6:Support4096DL PRS Sequence IDs.

Issue 3.4 Resource Element Mapping Patterns
For RE mapping pattern per DL PRS resource, the following agreements are made in RAN1#96bis.
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 the number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern

DL PRS Comb number 
The candidate Comb-N set {1,2,3,4,6,8,12}has 7 values. Supporting all of them may not be necessary considering UE implementationcomplexity.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Generally, smallerN valuesare more suitable for the bandwidth-limited use case, e.g., IoT devices; whilelargerN values arebeneficial for the deployment scenarios with denser cells and larger NR bandwidth, where UE needs to measure PRS signals from more cells to meetthe positioning accuracy requirement.For Comb-1 structurewith 1 PRS symboland Comb-N (N>1)with at least N PRS symbol, autocorrelation value after coherent combininghas only main peak without any side peaks.Theadvantage of Comb-1 structure is lower beam sweeping delay, especially in FR2. Thedisadvantageof Comb-1 structure is that the Txpower per RE is limited due to no power boosting, which may limit the post-SINR performance. Therefore, at least three typical values of N should be supported in NR, e.g., {1, 3, 6,12}.
Proposal 7: Support Comb-N Resource Element Mapping Patterns for DL PRS with N={1, 3, 6, 12}.

Relationship between Comb-N and number of symbols per DL PRS Resource
There are at least following alternatives:
· Alt.1: allocate at least m*N PRS symbols when N >1, with the equivalent comb-factor of 1.
· Alt.2: allocate M PRS symbols when N >1, where 1<=M<N.
· Alt. 3: It is up to the network to configure Comb-N and number of symbols per DL PRS Resource independently.

The advantageof Alt. 1is the autocorrelation value after coherent combining has only main peak without any side peaks. The disadvantageis the high PRS symbol overhead.
The advantageof Alt. 2is low PRS symbol overhead. The disadvantageis decreased TOA estimation performance as the results of side peaks.Even if the location of the side peaks of PRS autocorrelation isknown by UE, which avoid the impact on TOA estimation with the configuration of a proper N and a proper search window, it increases the UE implementation complexity.
The advantageof Alt. 3 is up to the network to configure the Comb-N and number of symbols per DL PRS Resource. Alt. 3 is our preference since it provides the freedom for the network to optimize the PRS resource usage and the balance of the positioning performance and system efficiency. For example, the networkis not limited to have to support allocating PRS REs in every subcarrier in the sameslot, and network can have the flexibilityto support allocating PRS REs in every subcarrier in multiple slots in a PRSoccasion.
Proposal 8: It will be up to the network to configure the Comb-N and number of symbols per DL PRS Resource.

Staggered and non-staggered patterns and exact definition of staggered pattern

With the above considerations, thestaggered mapping of the NR PRS sequence to resource elements for a PRS OFDM symbol l is proposed as follows:

where





Where
·  = number of PRS REs per PRS RBs
·  = the start of the resource grid
·  = the start of the PRS RB in the resource grid
· 
 = the PRS transmission  bandwidth
·  = the power scaling factor
·  = the PRS OFDM symbol in the PRS slot
·  = the sequential PRS OFDM symbol number, counted from the start of the PRS resource set.


The parameters , , and are configurable parameters. The reference point A for  is the subcarrier 0 in common resource block 0 in the common resource block grid as defined in TS 38.211 [3].
 (
n
Reference Point A
PRS
PRS
)
[bookmark: _Ref256252][bookmark: _Ref256247]Figure 2. Illustration of the proposed resource mapping for NR PRS (
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[bookmark: _Ref256283]Figure 3. Illustration of the proposedresource mapping for NR PRS in two PRBs (

Proposal 9:The staggered mapping of the NR PRS sequence to resource elements  for a PRS OFDM symbol l is proposed as follows:

where





where
·  = number of PRS REs per PRS RBs
·  = the start of the resource grid
·  = the start of the PRS RB in the resource grid
· 
 = the PRS transmission  bandwidth
·  = the power scaling factor
·  = the PRS OFDM symbol in the PRS slot
·  = the sequential PRS OFDM symbol number, counted from the start of the PRS resource set

Issue 4. DL PRS Physical Structure (SCS, BW, CP)
Issue 4.1 DL PRS Subcarrier Spacing and BW
For DL PRS numerology, the following agreements are made in RAN1#96bis.
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15.
In [2], the following three optionswere suggested for DL PRS bandwidth configuration.
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

Opiton1 and option2 have higher configuration flexibility than option3 at the expense of highersignaling overhead. For DL PRS BW configuration, the flexibility is not so important, as the TOA and RSTD measurement performance (accuracy and differentiation ofLOS and NLOS path) determined by the BW and sampling rate. Therefore, Option3 is preferred.
Proposal 10: 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.
Proposal 11:NR should at least support the DL PRS transmission bandwidth configurations, which corresponds to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104. The proposed DL PRS transmission bandwidth configurations are shown in Table 1 for FR1 and Table 2 for FR2.
Table 1: DL PRS Transmission bandwidth configuration NRBfor FR1
	SCS (kHz)
	NRB (RBs)

	15
	25, 52, 79, 106, 133, 160, 216, 270

	30
	11, 24, 38, 51, 65, 78, 106, 133, 162, 189, 217, 245, 273

	60
	11, 18, 24, 31, 38, 51, 65, 79, 93, 107, 121, 135



Table 2: DL PRS Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	NRB (RBs)

	60
	66, 132, 264

	120
	32, 66, 132, 264



Issue 4.2 DL PRS Cyclic Prefix
For DL PRS numerology, the following agreements are made in RAN1#96bis.
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15.
In our view,transmission of different PRS CP from different cells at the same time should be avoided in general. Otherwise, the UE may have to measure different CP at the same time.
Proposal 12: The numerologies of DL PRS transmission from different cells should be the same at the same time instance.


Issue 5. DL PRS Quasi-collocation Issues (w/ CSI-RS, SSB)
In NR positioning, especially in FR2, PRS resources should support the QCL indication, and generally can be QCL-ed using QCL Type D. The resources can be either CSI-RS or SSB for both the serving cell and the neighbouring cells. 
The QCL reference signal can help the UE for beam selection and beam pairing procedures for positioning purpose. For serving cell, the QCL RS can be CSI-RS or SSB transmitted from the same or different downlink spatial domain transmission filter. For neighbouring cells, the QCL RS can be SSB.
Proposal 13: QCLRS can be CSI-RS or SSB.

Issue 6. DL PRS Transmission Schedule (Randomization Techniques)
The following related agreement was made in RAN1#96bis [1]:
	Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.



Muting mechanism similar to that in LTE should be carefully considered and supported especially in FR2. The PRS muting patterns should take the multi-beam transmission of the DL PRS into account. Muting configurations can be supported in different options, including: 1) at the level of PRS occasion groups; 2) at the level of PRS positioning occasions; 3)at the level of PRS resource sets; 4) at the level of PRS resources. 
Here we share our views on the implementation methods.
NR PRS Positioning Occasion
In LTE, a PRS Positioning occasion can include {1, 2, 3, 6} PRS subframes. Having a positioning occasion with a number of PRS subframes provides the benefits of saving UE power consumption in PRS detection and reducing the time delay in OTDOA. Similarly, for NR DL-TDOA, it will be beneficial to allow the configuration of a group of PRS resource sets into anNR DL PRS Positioning Occasion. It will provide the UE the opportunity to detect multiple PRS resources in one beam direction without waiting for the next PRS transmission cycle. In addition, for the minimization of the power consumption of the UE, the transmission duration of anNR DL PRS PositioningOccasion may be limited within a certain duration.
One LTE PRS PositioningOccasion includes 5 subframes. For NR, we may need to consider the beam sweeping. The maximum duration of the NR PRS PositioningOccasion needs further study. 
[bookmark: _Toc5113979][bookmark: _Toc5114003][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 14: NR should consider introducing the concept of PRSPositioningoccasion, which contains a burst of PRS resource sets transmitted in a short time duration for reducing the time delay and UE power consumption in DL-TDOA positioning. The duration of an NR DL PRS Positioning Occasion or the number of PRS resource sets of an NR DL PRS PositioningOccasion should be configurable within a certain range. For example, the duration of an NR DL PRS PositioningOccasion may be limited within [N]slots, and/or the number of PRS resource sets of an NR DL PRS PositioningOccasion is limited to [Y] (FFS: N and Y).

[image: ]
Figure 4.PRS Resource, PRS Resource Set and PRS Occasion

NR DL PRS Muting Configuration
When multiple neighboring cells transmit the PRS simultaneously, the PRS signals from the multiple cells could collide in both time and frequency, which creates inter-cell interference during the cross-correlation. Due to the near-far problem where the strong PRS signals from closer-by cells overshadow the weak PRS signals from far away cells, it will be difficult for the UE to detect faraway cells, and which in turn result in the loss in hearability. This issue can be particularly serious in dense urban deployments or under poor network planning. In order to overcome the near-far problem, the PRS muting pattern should be introduced to increase the detectability of the PRS from weak cells. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For NR PRS, the design of the muting pattern should take into consideration of the multi-beam transmission of the PRS signals. Due to fact that PRS beams are transmitted in different beam directions, PRS signals transmitted in the overlapping time/frequency resources may not overlap in space and then may not necessarily cause the so-called near-far problem in PRS detection. Thus, NR PRS muting should provide the flexibility of the muting implementation atdifferent levels, e.g., atthe level of PRS occasion groups,atthe level of PRS occasion (a.k.a, OTDOA positioning occasion), atthe level of PRS resource set, and atthe level of PRS resource.
In the following discussion of the muting configuration, we assume:
· a PRS occasion grouphave the periodicity , including  PRS groups in one period
· a PRS occasion group comprises  PRS occasion
· a PRS occasion comprises  PRS reource set
· a PRS resource set comprises  PRS reources

LTE muting can be implemented with the level of PRS occasion group that includes multiple PRS positioning occasion, At this moment, NR has not introduced the definitions ofPRS occasion group, PRS positioning occasion, and has not defined details on PRS resource set and PRS resources yet. However, the same design principle described in the following can still be used if some of them are not introduced. 

Muting Configuration in PRS occasion group (Option 1)
Figure 5presents one option for NR DL PRS Muting Configuration where the NR PRS muting of the cell is implemented in the level of the PRS occasion group. The PRS muting configuration is defined by a periodic PRS muting sequence with the periodicity  where , counted in the number of PRS occasion groups, which can be 2, 4, 8, 16, 32, 64, 128, 256, 512, or 1024. is also the length of the bit string that represents this muting sequence for PRS occasion groups.If a bit in the  is set to "0", there isno PRS transmission in the corresponding PRS occasion group. 

[image: ]
[bookmark: _Ref292168]Figure 5.Illustration of the NR PRS Muting Pattern (Option 1)

Muting Configuration in PRS occasion (Option 2)
Figure 6presents another NR DL PRS Muting Configuration, where the NR PRS muting of the cell is implemented in the level of the PRS occasion. Similar to Option 1, the bit string  of a length is used to configre the PRS occasion groups for muting. Different from Option 1, here the bit string  represents the candidate PRS occasion groups, i.e., if a bit in the  is set to "0", one or more PRS occasions in the corresponding PRS occasion group may be mutted. Which of the PRS occasions in the candicate PRS occasion groups will be muted will depend on the muting sequence  with the length  , which represents the PRS occasions to be muted within the candidate PRS occasion group, i.e., a bit in the  set to "0" indicates no PRS transmission in the corresponding PRS occasions of the candidate PRS occasion groups.
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[bookmark: _Ref292607][bookmark: _Ref603051]Figure 6.Illustration of the NR PRS Muting Pattern (Option 2)

Muting Configuration in PRS resource set (Option 3)
Figure 7presents another NR DL PRS Muting Configuration, where the NR PRS muting of the cell is implemented in the level of the PRS resource set. In Option 3, the bit string  of a length is used to configre the candidate PRS occasion groups for muting, and the bit string  of a length is used to configre the candidate PRS occasion for muting. Assume there are  PRS resource sets in a PRS occasion, a muting sequence  with the length will be used to represents this muting PRS resource sets within the candidate PRS occasions. If a bit in the  is set to "0", there isno PRS transmission in the corresponding PRS resource sets of the candidate PRS occasions.
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[bookmark: _Ref4745868]Figure 7.Illustration of the NR PRS Muting Pattern (Option 3)

Muting Configuration in PRS resource (Option 4)
Figure 8presents another NR DL PRS Muting Configuration, where the NR PRS muting of the cell is implemented in the level of the PRS resource. In this option, the bit string  of a length is used to configre the candidate PRS occasion groups for muting, the bit string  of a length is used to configre the candidate PRS occasion for muting, and  the bit string  of a length is used to configre the candidate PRS resource setfor muting, Assume there are  PRS resources in a PRS resource set, a muting sequence  with the length   will be used to represents this muting PRS resources within the candidate PRS resource sets. If a bit in the  is set to "0", there isno PRS transmission in the corresponding PRS resources of the candidate resource sets.
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[bookmark: _Ref603072]Figure8.Illustration of the NR PRS Muting Pattern (Option 4)

[bookmark: _Toc5113980][bookmark: _Toc5114004][bookmark: _Ref525326196]Proposal15:The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration.
[bookmark: _Toc5113981][bookmark: _Toc5114005]Proposal16: Muting configurations can be supported in different levels, including 1) at the level of PRS occasiongroups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources.

Issue 7. DL PRS Multiplexing with other NR Physical Signals/Channels
In [2], the following two alternatives were suggested for DL PRS Multiplexing with other NR Physical Signals/Channels.
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 contain SS/PBCH
For alternative one, it is natural to be supported as TDM multiplexing can guarantee the orthogonality between PRS and other DL RSs or channels. 
For alternative two, we would agree DL PRS is not mapped to any resources that contain SS/PBCH for the same cell. However, the overlapping of the SSB/DL PRS among the remote cells might happen and should be allowed. From the network point of view, wedon’t want to completely eliminate the cases to avoid the complexity of cell planning. In the specification, it may be good enough to say UE is not expecting to measure SSB for the configured DL PRS resources.
Proposal 17: UE is not expected to measure SSB at the configured DL PRS resources.
Issue8. Other Reference Signals for NR Positioning
NR CSI-RS is designed with very flexible configuration for support the MIMO, RRM, and time/frequency tracking. In our previous Tdoc [5], the new NR PRS can be developed based on the existing framework of the CSI-RS with some enhancements or modification 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 neighbouring cells from the purpose of PRS muting and interference avoidance. 
Proposal 18: NR DL PRS can be designedbased on the existing framework of the NR CSI-RS with proper modification and enhancements on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset. It should support the configuration of the orthogonal CSI-RS resources from the neighbouring cells for the purpose of PRS muting and interference avoidance.
Other DL reference signals designed for data communication, such as NR Synchronization Signals (SSBs), TRS, etc., may also be used by the UE for positioning. Whether, when and how to use these DL reference signals for positioning can be up to UE’s implementation. There is no need to define UE’s behaviour in the specification of how these DL reference signals are used for positioning. 

Issue9. Configuration of DL PRS
It was discussed in the last meeting on whether the NR DL PRS configuration should becell specific and/or UE specific without conclusion. The argument for supporting cell-specific is that the NR DL PRS are transmitted for all UEs and thus there is no need to have UE-specific configuration, while the argument for supporting UE-specific is that UE-specific may be needed for some cases, e.g., on-demand positioning, and UE-specific configuration can also be used for supporting cell-specific configuration by configuring all UEs in the cell to be the same.
For DL positioning, it is clear that the DL PRS transmitted from a cell can always be used for all UEs for DL positioning. Thus, the configuration of the transmission of the NR DL PRS sent from the gNB to the LMF should be cell-specific, but not be UE-dependent.   
On the other hand, the configuration of the DL SRS transmission as cell-specific does not imply that the LMF has to provide the same information of the DL PRS transmission of a cell to all UEs. As a matter of fact, the information on the configuration of the DL PRS conveyed to the UE can be, and sometimes, should be, UE-specific. For example, the network may configure the transmission of the DL PRS with a short periodicity, but it may inform the different UEs with different transmission periodicities. For example, the network may only inform a UE with the real PRS transmission periodicity if the UE is subscribed to a location-based service (LBS) or in an emergency call, but with a longer PRS transmission periodicity for a UE as free service. In addition, the network may provide additional information to UE to assist the UE for the detection of the DL PRS, such as the beam related PRS transmission. 
[bookmark: _Toc5113966][bookmark: _Toc5113990]Proposal 19: The configuration for the transmission of the DL PRS of a cell from gNB to the LMF should be cell-specific. However, it should not prevent the LMF from providing different information about the configuration of DL PRS transmission to different UEs.
Conclusion
In this contribution, we discussed the NR DL reference design for positioning purpose and made the following observation and proposals:
Proposal 1: DL PRS Resource is characterized by the following parameters:
· Resource ID
· Sequence ID for the generation of the pseudo-random DL PRS sequence(s)
· Resource Element Mapping Pattern in time and frequency domain
· Time offset defined as the first OFDM symbol of the PRS Resource relative to the start of a slot.
· Number of consecutive PRS symbols with the same downlink spatial domain transmission filter
· Frequency shift for each PRS symbol
· Comb number  N
· Number of TX antenna ports (only if 2 ports is supported)
· Quasi-colocation information (QCL with other reference signals)
· Resource periodicity and offset 
· 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.
Proposal 2:PRS resources in a PRS resource set should have the configuration of the same bandwidth, cell ID, the number of antenna ports, period/duration, and frequency density.
Proposal 3:On the resource set configurations:
· the maximum number of resources per set is 64 considering the maximum number of SSB.
· further discussion should be taken to consider the maximum number of sets, andPRS positioning occasion.
Proposal4:The benefits of two antenna portsneed to be verified before making a decisionon it. 
Proposal 5: For the randomization of the interference across PRS signals, the initialization of the pseudo-random sequence generator for the DL PRS sequences should depend on the OFDM symbol index in a slot, the slot number within a radio frame as well the PRS sequence ID as follows: 


where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID,where  andM is [12].
Proposal 6:Support 4096 DL PRS Sequence IDs.
Proposal 7: Support Comb-N Resource Element Mapping Patterns for DL PRS with N={1,3, 6, 12}.
Proposal 8: It will be up to the network to configure the Comb-N and number of symbols per DL PRS Resource.

Proposal 9:The staggered mapping of the NR PRS sequence to resource elements  for a PRS OFDM symbol l is proposed as follows:

where





where
·  = number of PRS REs per PRS RBs
·  = the start of the resource grid
·  = the start of the PRS RB in the resource grid
· 
 = the PRS transmission  bandwidth
·  = the power scaling factor
·  = the PRS OFDM symbol in the PRS slot
·  = the sequential PRS OFDM symbol number, counted from the start of the PRS resource set
Proposal 10: 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.
Proposal 11:NR should at least support the DL PRS transmission bandwidth configurations, which corresponds to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104. The proposed DL PRS transmission bandwidth configurations are shown in Table 1 for FR1 and Table 2 for FR2.
Table 1: DL PRS Transmission bandwidth configuration NRBfor FR1
	SCS (kHz)
	NRB (RBs)

	15
	25, 52, 79, 106, 133, 160, 216, 270

	30
	11, 24, 38, 51, 65, 78, 106, 133, 162, 189, 217, 245, 273

	60
	11, 18, 24, 31, 38, 51, 65, 79, 93, 107, 121, 135



Table 2: DL PRS Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	NRB (RBs)

	60
	66, 132, 264

	120
	32, 66, 132, 264


Proposal 12: The numerologies of DL PRS transmission from different cells should be the same at the same time instance.
Proposal 13: QCLRS can be CSI-RS or SSB.
Proposal 14: NR should consider introducing the concept of PRS Positioning occasion, which contains a burst of PRS resource sets transmitted in a short time duration for reducing the time delay and UE power consumption in DL-TDOA positioning. The duration of an NR DL PRS Positioning Occasion or the number of PRS resource sets of an NR DL PRS Positioning Occasion should be configurable within a certain range. For example, the duration of an NR DL PRS PositioningOccasion may be limited within [N]slots, and/or the number of PRS resource sets of an NR DL PRS Positioning Occasion is limited to [Y] (FFS: N and Y).
Proposal 15: The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration. 
Proposal 16: Muting configurations can be supported in different levels, including 1) at the level of PRS occasion groups; 2) at the level of PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources. 
Proposal 17: UE is not expected to measure SSB at the configured DL PRS resources.
Proposal 18: NR DL PRS can be designed based on the existing framework of the NR CSI-RS with proper modification and enhancements on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset. It should support the configuration of the orthogonal CSI-RS resources from the neighbouring cells for the purpose of PRS muting and interference avoidance.
Proposal 19: The configuration for the transmission of the DL PRS of a cell from gNB to the LMF should be cell-specific. However, it should not prevent the LMF from providing different information about the configuration of DL PRS transmission to different UEs.
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