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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. 
	[bookmark: _Hlk19531870]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.



Further at RAN1#98 the following agreement was made:

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





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 
· 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, 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.
Note: The parameters above can also be considered for inclusion in a DL PRS resource setting if defined as proposed below. 
In addition, the agreement from RAN1#98 has a few FFS points that need to be resolved. In particular a frequency layer definition was discussed at the last meeting but no clarity was reached in the agreement that was made. Based on the agreement and discussion during RAN1#98 it is our view that introducing frequency layer which has its own meaning in other parts of the specification should be avoided. Though we do see the benefit of having an additional configuration level above a DL PRS resource set. 
Observation 1: From a signaling overhead perspective having a configuration level above DL PRS resource set for common parameters among a collection of DL PRS resource sets is benefical.
To avoid confusion and to make clear that this new configuration level is related to the DL PRS configuration we propose to name it accordingly. 
Proposal 2: A DL PRS resource setting is a collection of DL PRS resources sets, from two or more TRPs, with common parameters. 
Proposal 3: At least Point A is a paramerter of DL PRS resource setting, RAN1 to discuss further paramerters of a DL PRS resource setting at RAN1#98-bis.
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 2: 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 4: 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 5: Don’t support comb-N values {1, 8, 12} for the DL-PRS.
PRS muting
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



The purpose of DL PRS muting is to enable measurements from weak PRS a UE receives from a far TRP when the strong PRS from a near TRP are muted. In principle, muting can be applied on PRS Resource level, PRS Resource Set level, or on PRS occasion level based on the definition in the agreement above.
A TRP can be configured with more than one PRS Resource Set. Each Resource Set can consist of a different number of PRS Resources and each resource set can have a different periodicity. On the other hand a configuration where Resource Sets from different TRPs are aligned with respect to, e.g., periodicity and bandwidth may be benefitial. We assume that PRS Resource Sets are mapped to one or more PRS occasions.
Observation 3: The periodicities of DL PRS Resource Sets and DL PRS occasions have dependencies. 
Proposal 6: To study how the periodicity of a DL PRS occasion shall be aligned with the periodicities of DL PRS Resource Sets.
A muting scheme that fulfills abovementioned purpose will come along with significant signaling overhead in case that different PRS Resource Set periodicities must be coordinated. Therefore, we propose to define PRS muting on PRS occasion level. Nokia’s understanding is that in case a TRP is muted, this will then apply to all configured PRS Resource Sets from that TRP during said PRS occasion.
Proposal 7: DL PRS muting should be introduced on DL PRS occasion level. A muting pattern defines which DL PRS occasions are muted.
In LTE the muting pattern was defined by a periodic muting sequence with periodicity TREP with TREP = {2, 4, 8, 16} PRS occasions [8] The muting sequence is represented by a bit string of length TREP, where the value “0” indicates a muted PRS occasion, and the value “1” indicates a non-muted PRS occasion. Nokia’s view is that the straightforward solution is to introduce an equivalalent scheme for DL positioning in NR. 
Proposal 8: In NR, DL PRS muting is defined by a bit string of length TREP, where the value “0” indicates a muted DL PRS occasion, and the value “1” indicates a non-muted DL PRS occasion. FFS values for TREP.
DL PRS Periodicity
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 9: 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
In RAN1#98 The following definitions with respect to the DL PRS RE pattern were agreed
	Agreement:
· The RE pattern of a DL PRS resource is configured with an RE Offset in frequency domain for the first symbol in an DL PRS resource
· The relative RE offsets of following symbols are defined relative to the RE Offset in frequency domain of the first symbol in the DL PRS resource
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an DL PRS resource, the comb size for the DL PRS resource and the DL PRS symbol index within the DL PRS resource



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. In previous meetings there was some disagreement about what the definition of staggering was.
In case the number of symbols M for PRS transmission is smaller than the comb-N size, it may be advantageous to sample the frequency dimension in a regular grid with a constant offset between subcarriers greater than 1 (as long as this is possible with the given ratio between N and M).
Consequently, we propose the following configuration table for the relative RE offsets between consecutive symbols 
	Comb size N
	Number of DL PRS symbols M
	Relative RE offset between symbol m and following symbol m+1 (m=0…M-2)

	2
	2
	1

	4
	2
	2

	4
	4
	[1, 1, 1]

	6
	2
	3

	6
	4
	[1, 2, 1]

	6
	6
	[1, 1, 1, 1, 1]


Table 1: Relative RE offset between symbols depending on comb size N, number of symbols M and symbol index m
[bookmark: _GoBack]Proposal 10: Apply Table 1 to determine the relative RE offset for DL PRS between consecutive symbols in a DL PRS Resource. 
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 11: Study how to support DL PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Bandwidth granularity
In RAN1#98 the bandwidth of a PRS resource has been identified as one of its parameters. However, the granularity of bandwidth configuration is still for further study. The following list of options has been discussed.

· Option 1. One PRB
· Option 2. Four PRBs
· Option 3. RBG granularity
· Option 4. One of values configurable from the set 24, 48, 96 192, 264 PRBs
· Option 5: Option 2, 3 or 4 combined with a possibility to blank PRBs at the band edges
· Option 6: Option 2, 3 or 4 combined with the maximum PRBs per carrier bandwidth

We consider a granularity of four PRBs as a good compromise between configuration flexibility and signaling overhead. Furthermore, the possibility to blank PRBs at the band edges when needed to avoid a violation of the regulation of out-of-band emissions is reasonable and useful. Therefore, the combination of Option 2 and Option 5 in the list above is the most appropriate solution.
Proposal 12: The configuration granularity of the bandwidth of a DL PRS resoucrce is 4 PRBs. In addition, there is the possibility to blank PRBs at band edges when this is needed.
Conclusion
In this contribution we make the following observations:
Observation 1: From a signaling overhead perspective having a configuration level above DL PRS resource set for common parameters among a collection of DL PRS resource sets is benefical.
Observation 2: 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 3: The periodicities of DL PRS Resource Sets and DL PRS occasions have dependencies.
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, 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: A DL PRS resource setting is a collection of DL PRS resources sets, from two or more TRPs, with common parameters. 
Proposal 3: At least Point A is a paramerter of DL PRS resource setting, RAN1 to discuss further paramerters of a DL PRS resource setting at RAN1#98-bis.
Proposal 4: 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 5: Don’t support comb-N values {1, 8, 12} for the DL-PRS.

Proposal 6: To study how the periodicity of a DL PRS occasion shall be aligned with the periodicities of DL PRS Resource Sets.
Proposal 7: DL PRS muting should be introduced on DL PRS occasion level. A muting pattern defines which DL PRS occasions are muted.
Proposal 8: In NR, DL PRS muting is defined by a bit string of length TREP, where the value “0” indicates a muted DL PRS occasion, and the value “1” indicates a non-muted DL PRS occasion. FFS values for TREP.
Proposal 9: 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 10: Apply Table 1 to determine the relative RE offset for DL PRS between consecutive symbols in a DL PRS Resource. 
Proposal 11: Study how to support DL PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 12: The configuration granularity of the bandwidth of a DL PRS resoucrce is 4 PRBs. In addition, there is the possibility to blank PRBs at band edges when this is needed.
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