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Introduction
[bookmark: _Hlk510705081]As part of the WID [1], RAN1 has the following objective related to reference signals for NR positioning:
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· 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
This contribution presents Nokia’s view on the downlink reference signal design for NR positioning. For Nokia’s view on the uplink reference signal design for NR positioning see [2]. In addition, see our companion contributions [3] and [4] for our views on UE/gNB measurements and physical layer procedures for NR positioning respectively. 
Discussion
DL PRS Resource Set Parameters
In RAN1#97 the following parameters describing a PRS Resource have been agreed. 
	Agreement:
DL PRS Resource is described by at least the following parameters
· DL PRS Resource ID (previously agreed)
· Sequence ID (previously agreed)
· Comb Size-N
· RE Offset in frequency domain
· FFS whether this offset is a single value or multiple values
· Starting slot and symbol of DL PRS Resource
· FFS whether it can be represented by time offset with respect to some reference
· Number of symbols per DL PRS Resource (Duration of DL PRS Resource)
· Quasi-colocation information (QCL with other DL reference signals)
· FFS QCL type and source reference signals
· FFS: Number of Tx Ports
· FFS: Power offset b/w DL PRS and SSB
· FFS: Transmission bandwidth and starting PRB with respect to Point A
· FFS: Numerology
Note: RAN1 to discuss further whether some of the above parameters belong to Resource Set configuration and are applied to all Resources within a Resource Set or not.



It was noted that some of the above parameters may belong to Resource Set configuration and are applied to all Resources within a Resource Set. For the sake of simplicity it is reasonable to define the following parameters with the same values for all Resources in a Resource Set
· Comb Size-N
· Number of symbols
· Number of Tx Ports
· Transmission bandwidth and starting PRB with respect to Point A
· Numerology

Proposal 1: To apply same values of comb size-N, number of symbols, number of Tx Ports, transmission bandwidth and starting PRB with respect to Point A, and numerology for all Resources within a Resource Set. These parameters should belong to the configuration of a Resource Set.
Number of symbols and comb-N values
In RAN1#97 the following sets of configurable parameter values for the number of PRS symbols and comb size N were agreed.
	Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12}
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 8, 12}
· Note: The dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters




Concerning the number of symbols for a DL PRS Resource, we believe that the values {2, 4, 6} should be sufficient, and the introduction of additional values is not required. The only caveat to this is the ongoing discussion on how the RE pattern should be mapped to the time frequency grid. The importance of having a staggered pattern has been discussed at length but the final details are still open. The number of symbols per DL PRS resource should only be increased beyond the current set if needed to complete the staggered pattern. 

Observation 1: The number of symbols to complete a staggered pattern within one DL PRS resource has some dependency on how the RE mapping is done.  

Proposal 2: Don’t support number of symbols {1, 3, 8, 12} if the current agreed set of {2, 4, 6} is sufficient to complete the staggered pattern within one DL PRS resource for all comb values.

Furthermore, we believe that for the comb size N the set {2, 4, 6} is sufficient and the introduction of additional values is not required. In our previous contribution [5] we provide simulation results to show the decreased performance of introducing comb-12. There may be issues with comb-8 as it is not a factor of the size of a PRB and this would complicate the PRS design without any clear benefit.  

Proposal 3: Don’t support comb-N values {1, 8, 12} for the DL-PRS.
PRS occasion
In RAN1#97 the following definition for DL PRS occasion was agreed.
	[bookmark: _Hlk14861782]Agreement:
DL PRS occasion is one instance of periodically repeated time windows (consecutive slot(s)) where DL PRS is expected to be transmitted
· FFS: If this definition is introduced for muting or DL PRS resource allocation or both



This definition should be applied for both muting and DL PRS resource allocation. In other words, a muting pattern defines which PRS occasions are muted. 
Proposal 4: Definition of DL PRS occasion should be applied for both muting and DL PRS resource allocation.
Nokia’s understanding of the above agreement and proposal is that if accepted this would mean that muting would be applied only at the PRS occasion level (i.e., a given TRP mutes for a full PRS occasion when it mutes). However, this discussion may be impacted by how the DL PRS periodicity discussion unfolds. 
Observation 2: The decisions on the level at which PRS muting is applied and the DL PRS periodicity may have some dependency. 
DL PRS Periodicity
At RAN1#97 the following agreement was reached on the options for the DL PRS periodicity
	Agreement:
RAN1 to select one of the following alternatives for periodic DL PRS Resource Allocation at RAN1#98:
· Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level
· Common period is used for DL PRS resources within a DL PRS Resource Set
· Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level
· Different periods can be used for DL PRS resources within a DL PRS Resource Set




In order to allow for the largest flexibility the periodicity should be set at the DL PRS resource level. This would allow for DL PRS resource sets which have individual beams with different periodicity. For example one DL PRS resource set may contain wide beam PRS which need to be repeated frequently as well as narrow beam PRS which can be repeated on a longer time scale. To simplify the number of DL PRS resource sets that need to be configured for a particular UE allowing periodicity at the resource level is best. 
Proposal 5: Support Alt. 2 of prior agreement on DL PRS periodicity: Periodicity of DL PRS Resource is configured at DL PRS Resource level.  
The lowest periodicity of PRS supported in LTE was 5 ms. 
Proposal 6: At least the following periodicities should be supported for NR PRS Resource Sets: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots. 
In LTE up to 6 consecutive subframes of PRS transmissions were supported. Luckily the evaluations during the SI phase showed that support for this high number of consecutive slots may not be needed for all BWs in NR [6]. This seems to stem from the fact that with wider BW signals even 1 slot may be enough for DL positioning support. However, if lower BWs are supported for individual UEs then this number of consecutive slots may again be useful. To allow flexibility in the NR DL PRS design the same number of repetitions of PRS Resources from LTE should be supported. Thus, the PRS design in NR should enable to adapt the transmission time of PRS in a single beam direction. This can be either realized through allocating more symbols to one PRS Resource within one slot, or through repetition of the PRS Resource in consecutive slots. Both options should be taken into consideration. 
Proposal 7: Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction, i.e. number of repetitions per PRS Resource. FFS, if the number of repetitions is the same for all PRS Resources within one PRS Resource Set.
DL PRS RE Pattern
It was well understood during the study item phase (and previously) that having an effective comb-1 structure is optimal for RSTD estimation performance. This is part of the justification why in LTE a staggered structure for PRS was used. In NR a staggered structure should again be used for the DL PRS. At RAN1#96-bis there was some disagreement about what the definition of staggering was. 
Proposal 8: DL PRS RE mapping should support a staggered pattern with: 
· The value of v_shift changes by a constant value (e.g., 1) from DL PRS symbol to DL PRS symbol within a DL PRS resource. 

Figures 1, 2, and 3 show RE pattern examples for staggered patterns for various comb values. These figures are just examples for how the v_shift should change. The absolute symbol locations (i.e., starting at symbol 4 of slot) is not necessarily fixed yet in Nokia’s view but is used to illustrate. 
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Figure 1. DL PRS RE mapping for staggered pattern with comb-2.
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Figure 2. DL PRS RE mapping for staggered pattern with comb-4.
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Figure 3. DL PRS RE mapping for staggered pattern with comb-6.

The major benefit of this option is that is will minimize the number of symbols required for the staggered pattern to be completed. This reduces the overhead required for DL PRS transmission. 
Cell- and UE-specific DL-PRS
In previous meetings it has been discussed whether DL-PRS is UE specific or cell specific. In principle, it is desired that DL-PRS can be received from many UEs. In NR CSI-RS are not cell-specific to avoid transmissions that are actually not required, e.g. in directions where no UE is present that needs to receive CSI-RS. However, DL-PRS transmitted in one cell are received and measured not only from those UEs located in said cell, but also from UEs located in neighbouring cells. UE-specific DL-PRS configured in many neighbouring cells may lead to increased complexity while the expected benefit is low. Therefore cell-specific DL-PRS is the more straightforward approach at least for FR1.
This baseline solution can be complemented by UE-specific on-demand DL-PRS. This finds application particularly in FR2, where the number of hearable cell-specific DL-PRS is limited due to reduced coverage, and additional beamformed DL-PRS are required to perform reasonable measurements. This concept is treated in more detail in our previous contribution [7]. In [7], specific proposals regarding the assignment of PRS resource IDs in FR2 beamforming scenarios are provided. Such proposals compensate for the different time of departure of PRS of different TRPs, such that the resulting RSTD values convey only propagation delay difference and not difference on the time of departure caused by beam sweeping.
Proposal 9: In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS. For on-demand DL-PRS, additional information should be used to compensate for different time of departure caused by beam sweeping.
SCS
How/whether to control DL PRS numerologies from multiple nodes?
As different numerologies have different subcarrier spacing and symbol duration, how to support PRS transmission from different gNBs (with potential different numerologies) multiplexed in the same PRS occasion becomes an issue. The most straightforward solution is using the same numerology for PRS transmissions from multiple base stations. However, gNB may work on different numerologies before PRS transmission. Additional RF switching may be required for PRS transmission, which brings additional complexity and delay not only for PRS transmission, but also for normal service which is providing by the gNB. Thus, it is beneficial to study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 10: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Number of ports for DL-PRS
For PRS transmission only 1 port was supported in LTE. However, using 2 ports for NR has been discussed at past meetings. Having cross-polarization support for the DL-PRS allows for more reliable PRS reception and higher quality measurements.  
Proposal 11: NR DL-PRS supports a cross-polarization configuration. FFS: specification impacts.  
Conclusion
In this contribution we make the following observations:
Observation 1: The number of symbols to complete a staggered pattern within one DL PRS resource has some dependency on how the RE mapping is done.  

Observation 2: The decisions on the level at which PRS muting is applied and the DL PRS periodicity may have some dependency. 
In this contribution we make the following proposals:
Proposal 1: To apply same values of comb size-N, number of symbols, number of Tx Ports, transmission bandwidth and starting PRB with respect to Point A, and numerology for all Resources within a Resource Set. These parameters should belong to the configuration of a Resource Set.
Proposal 2: Don’t support number of symbols {1, 3, 8, 12} if the current agreed set of {2, 4, 6} is sufficient to complete the staggered pattern within one DL PRS resource for all comb values.

Proposal 3: Don’t support comb-N values {1, 8, 12} for the DL-PRS.

Proposal 4: Definition of DL PRS occasion should be applied for both muting and DL PRS resource allocation.
Proposal 5: Support Alt. 2 of prior agreement on DL PRS periodicity: Periodicity of DL PRS Resource is configured at DL PRS Resource level.  
Proposal 6: At least the following periodicities should be supported for NR PRS Resource Sets: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots. 
Proposal 7: Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction, i.e. number of repetitions per PRS Resource. FFS, if the number of repetitions is the same for all PRS Resources within one PRS Resource Set.
Proposal 8: DL PRS RE mapping should support a staggered pattern with: 
· The value of v_shift changes by a constant value (e.g., 1) from DL PRS symbol to DL PRS symbol within a DL PRS resource. 

Proposal 9: In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS. For on-demand DL-PRS, additional information should be used to compensate for different time of departure caused by beam sweeping.
Proposal 10: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 11: NR DL-PRS supports a cross-polarization configuration. FFS: specification impacts.  
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