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Introduction
[bookmark: _Hlk510705081][bookmark: _GoBack]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 Parameters
Good progress on the configuration level (i.e., positioning frequency layer, resource set, resource) of different parameters was reached during RAN1#98-bis. Some points remain open which we discuss in this section.
Nokia’s view of the comb size is that a collection of TRPs will send DL PRS during the same symbols with different comb offset and th same comb size in order to orthogonalize their respective signals. Therefore it makes sense that when the UE is configured with a Positioning Frequency Layer that all the TRPs use the same comb size. 
Proposal 1: All DL PRS resource sets belonging to the same Positioning Frequency Layer have the same value of comb size.    
During the SI phase we had the following agreement which was captured in TR 38.855: 
· Dedicated NR DL PRS resources - time-frequency grid at resource block level 

From RAN1#98-bis an agreement was reached on the BW granularity of DL PRS which states:
	Agreement:
· 4 PRB granularity is used for DL PRS BW configuration 



This means that for a given DL PRS occasion the maximum DL PRS BW within the occaission will typically set the edges of the dedicated time-frequency grid. So there doesn’t seem much justification for the DL PRS BW to be configurable below the Positioning Frequency Layer level. Additionally it was already agreed that the center frequency is the same for a Positioning Frequency Layer. So if the center frequency and the DL PRS bandwidth are the same then the start PRBs must also be the same. 
Proposal 2: All DL PRS resource sets belonging to the same Positioning Frequency Layer have the same value of DL PRS bandwidth and Start PRB. 

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 for any agreed comb size. 

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 3: 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.

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 4: Don’t support comb-N values {1, 8} for the DL-PRS.
PRS muting
At RAN1#98-bis the following agreement was reached on DL PRS muting
	Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE



In option 2 the length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor which takes on values {1,2,4,6,8,16,32} in the agreement on repetition. The value of 6 is missing from the bitmap size however. To align the two agreements we make the following proposal. 
Proposal 5: Add 6 to the possible values of the muting bitmap size. 
Nokia’s understanding of the muting agreement is that the two options correspond to either muting the entire consecutive instances of a DL-PRS resource set (all resources muted for those instances) or to muting the repetition of a particular repetition of each resource within the set. Figure 1 shows the two options. Both options should not be supported simultaneously as this creates a large overhead without additional benefit. Note that in option 2 of Figure 1 we show DL-PRS-ResourceRepetitionFactor = 4 and DL-PRS-ResourceTimeGap = 1. Note that in option 1 of Figure 1 the configurable number of consecutive sets is equal to 1.  
Proposal 6: Either option 1 or option 2 should be selected and indicated to the UE. Both options are not supported at the same time or using the same bitmap.  
[image: ]
Figure 1. Two bitmap options supported by prior agreement.
DL PRS RE Pattern
At RAN1#98-bis the following agreement was reached on the DL PRS RE pattern
	Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS



In our view the agreed patterns are sufficient for Rel-16 DL positioning techinques and sufficient justification to include more patterns has not been provided. In addition, if more patterns are added for a particular comb size it will further complicate the network planning for DL PRS. For example, for comb-4 if 2 RE patterns are supported then ensuring that TRPs transmitting DL PRS with different comb offsets do not interfer 
Proposal 7: Do not support any additional DL PRS RE patterns beyond those previously agreed. 
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 8: Study how to support DL PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Conclusion
In this contribution we make the following observation:
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.  

In this contribution we make the following proposals:
Proposal 1: All DL PRS resource sets belonging to the same Positioning Frequency Layer have the same value of comb size.    
Proposal 2: All DL PRS resource sets belonging to the same Positioning Frequency Layer have the same value of DL PRS bandwidth and Start PRB. 
Proposal 3: 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 4: Don’t support comb-N values {1, 8} for the DL-PRS.
Proposal 5: Add 6 to the possible values of the muting bitmap size. 
Proposal 6: Either option 1 or option 2 should be selected and indicated to the UE. Both options are not supported at the same time or using the same bitmap.  
Proposal 7: Do not support any additional DL PRS RE patterns beyond those previously agreed. 
Proposal 8: Study how to support DL PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
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