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In this contribution, we present our views on a remaining issue on prioritization of postioning assistance data for Rel-16 NR positioning.
The priority of PRS processing
The following agreement was reached with respect to the assistance data prioritization during RAN1#101-e meeting where two FFS issues are left to be discussed.
	Agreement 1:
· When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE assumes the DL-PRS Resources in the assistance data are sorted in a decreasing order of measurement priority. Specifically, according to the current RAN2 structure of the assistance data, the following priority is assumed:
1. FFS: the 4 frequency layers are sorted according to priority,
1. The 64 TRPs per frequency layer are sorted according to priority,
1. The 2 sets per TRP of the frequency layer are sorted according to priority,
1. FFS: The 64 resources of the set per TRP per frequency layer are sorted according to priority. 
· The reference indicated by nr-DL-PRS-ReferenceInfo-r16 for each frequency layer has the highest priority at least for DL-TDOA


During RAN1#102-e meeting, there’re several rounds of discussions on the above DL PRS priority issue. However, there’s no consensus to agree on the above FFS points.
[bookmark: _Hlk47426752][bookmark: _Hlk47426746]One argument to support priority order of DL PRS is that LTE support such priority ordering. For reference, the assistance data structure and priority ranking for LTE positioning in TS 36.355 [1] is shown in Figure 1. It is observed that only Frequency Layer (FL) and cell are sorted in decreasing order, and PRS-info is not sorted. The structure of LTE positioning assistance data seems the same as the combination of sub-bullet a and b in the above agreement. But it is much different because of the different definition of LTE and NR for FL and PRS.


[bookmark: _Ref46396570]Figure 1: Assistance data structure and priority in TS 36.355
[bookmark: _Hlk47426786][bookmark: _Hlk47426814][bookmark: _Hlk47426836]In LTE, an FL consists of one or more cells that have the same earfcn or center of the carrier. However, a positioning frequency layer in NR consists of sets with the same value for ‘DL-PRS-SubcarrierSpacing’, ‘DL-PRS-PointA’,’ DL-PRS-StartPRB’,’ DL-PRS-ResourceBandwidth’ and ‘DL-PRS-CombSizeN’. That is, the NR positioning frequency layer will be different when any one of the above parameters is different. For example, in LTE, Resource set 0 and the Resource set 0’ (left and right in Figure 2)  belongs to an FL with different PRS-info.  Resource set 0 and the Resource set 0’ have the same priority given they are of the same FL. However, Resource set 0 and the Resource set 0’ belong to two FLs in NR and the priority of Resource set 0 and the Resource set 0’ is different if following sub-bullet a. In short, even though the frequency layer is sorted in the decreasing order as in LTE, the frequency layer in NR is not the same as in LTE. Agreeing sub-bullet an actually cannot support the same priority function as in LTE.



[bookmark: _Ref46416581]Figure 2 Two Resource sets with the same center frequency and different Bandwidth
Observation 1: The definition of positioning frequency layer in NR is not the same as in LTE.
[bookmark: _Hlk47426885]Furthermore, the assistance data priority is used for unicast and broadcast cases. In the broadcast case,  the assistance data priority is the same for different UEs whose performance requirements may be different. It may lead to some UEs cannot satisfy the requirement if the priority of FL1 is always higher than FL2. For instance, the bandwidth of FL1 is 20 MHz, the bandwidth of FL2 is 100 MHz, and the priority of FL1 is higher than FL2. For UEs want to achieve high accuracy positioning by utilizing FL2, such network indicated priority of positioning layer may restrict UE’s ability to measure FL2.
Observation 2: Such network indicated priority of positioning layer may restrict UE’s ability to measure different positioning frequency layer.
Based on the above discussion, we don’t think positioning frequency layers are sorted according to priority should be supported in NR. 
Proposal 1: In Rel-16, DL PRS positioning frequency layers in NR are not sorted according to priority of UE processing.  
Regarding the priority of PRS resource, we note that the following previous agreements on PRS resource. 
	[bookmark: _Ref46431394][bookmark: _Hlk47427414][bookmark: _Ref46431525]RAN1 #96bis Agreement 2
· 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. 
[bookmark: _Ref46431542]RAN1 #98bis Agreement 3:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.

[bookmark: _Ref46431549]RAN4Agreement 4: 
UE is not required to perform additional SSB measurements for the SSB configured as QCL source of PRS resources.
[bookmark: _Ref46431560]RAN1 #101 Agreement 5:
· FG 13-7 for “Support of SSB from neighbor cell as QCL source of a DL PRS” is kept in the UE features list for Positioning
· Component 1 is kept as below
· 1. Support of SSB from neighbor cell as QCL source of a DL PRS
· Support of reuse SSB measurement from RRM for receiving PRS
· 13-1 is prerequisite feature group for FG13-7
· Type of FG13-7 is “Per band”



Looking at the above agreements, it is quite obvious that PRS resources in NR is likely associated with different beams of a TRP. 
If combing the sub-bullets b, c, and d in Agreement 1, the UE behavior is as follows:
Step 1: UE measures 64 resources of the first set of the first TRP,
Step 2: UE measures 64 resources of the second set of the first TRP,
Step 3: UE measures 64 resources of the first set of the second TRP, 

Step 2N: UE measures 64 resources of the second set of the Nth TRP.
[bookmark: _Hlk47427229][bookmark: _Hlk47427253][bookmark: _Hlk47427275]Take the example as shown in Figure 3, a UE can only measure TRP2 after it has measured all the beams of TRP1. It is unreasonable that those beams of TRP1 not toward the target UE (i.e., beams not color-filled) have a higher priority than those beams toward the target UE in TRP2 (i.e., beams color-filled). It is desirable to choose a part of PRS resources to measure for device efficiency and capability. 


Figure 3 The DL PRS Resource with beam
[bookmark: _Hlk47192608]According to the part (highlighted in yellow) of Agreement 2, Agreement 3, it is observed that a DL PRS Resource is associated with a single beam, and may be configured to be ‘QCL-Type-D’ with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. That is UE can be configured all DL PRS resource with QCL ( such as SSB). Furthermore, RAN4 reached an agreement that UE is not required to perform additional SSB measurements for the SSB configured as a QCL source of PRS resources. So, the UE behaviors can be described as below.
Step 1: UE perform SSB measurement for RRM;
Step 2: UE is configured DL PRS assistance data which is configured to be ‘QCL-Type-D’ with SSB.
[bookmark: _Hlk47427494][bookmark: _Hlk47427534]In this case, UE may be aware of some PRS resource/beam direction information and possible signal/beam quality. It is not clear to us following the PRS resource priority as indicated by the assistant data (as in sub-bullet d) would lead to better positioning performance. 
[bookmark: _Hlk47427580]Furthermore, in some cases, such as UE-based positioning, the UE has more information about beam selection. The SSB measurement result, optional TRP (such as UE based positioning) and UE location information (GPS, etc.) can help to choose better DL PRS resources and decide the priority of the DL PRS resources. Strictly following priority order from the assistance data may actually restrict UE selection and degrade UE-based positioning performance. Therefore, in some cases, it is better to let UE decide the priority of the DL PRS resources.
Note that the assistance data priority needs to be provided in both unicast and broadcast cases. For the broadcast case, it is not clear to us how the LMF can guarantee or even be able to configure a common priority order good for all the UEs. 
Proposal 2: In Rel-16, DL PRS resources within DL PRS Resource Set are not sorted according to priority of UE processing.
[bookmark: _GoBack]During RAN1#102-e discussion, one argument raised by the proponents of DL PRS priority ordering is to use UE DL PRS processing priority order to gurantee some measurement for all UEs in case of broadcast. We acknowledge the motivation from network side to have some control of what UE measures. But on the other hand, this approach to restrict UE PRS processing order (full FL/TRP/set) is too restrictive and not efficient at all. Furthermore, in our view, such failsafe UE measurements can still be obtained when a minimum set of PRS resource indication in the assistance data for UE to process in a set for each TRP per layer. Such minimum set of PRS resource processing indication can be used with or without the sorted positioning frequency layers in the assistant data.
Take the following example when DL PRS positioning frequency layers are also sorted in the assistant data. The network indicates a smaller set of PRS resources in a set for each TRP per layer which likely can be within the reported maxNrOfDL-PRS-ResourcesPerResourceSet-r16 capability for many if not all UEs. The “minimum set of PRS resource” is just for the same reason where the network can control and maintain the failsafe measurement. Instead of process and measure all PRS resources in a set of a TRP per layer, a UE may just process and measure the “minimum set of PRS resource” for each DL PRS resource set of a TRP on a frequency layer. This may leave some UEs some flexibility to process/measure PRS on different frequency layer if they want. The motivation to measure other (e.g., wider) frequency layer is mainly due to our design of NR positioning frequency layer where now PRS resource sets with different bandwidth have to be on different frequency layer, not as in LTE any more.
Instead of sort all the PRS reosurces in a PRS resource set, the LMF can indicate a minimum set of PRS resources as high priority for UE. It is not necessary to have different priorities for the PRS resources inside that minimum measurement group for a PRS resource set in a TRP. In other words, the corresponding UE behavior is as follows:
Proposal 3: When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE is expected to process at least the DL-PRS Resources in a group indicated in the assistance data for a PRS resource set of a TRP in a frequency layer.
Finally, the collision with the measurement gap and priority is discussed.
	Agreement 6:
· UE is not expected to process DL PRS without configuration of measurement gap in Rel-16
· RAN1 assumes that no RAN4 requirements are to be defined for the case w/o configured measurement gap in Release 16
· Inform RAN4 about this agreement



As our understanding, the measurement gap is configured by gNB and the priority of PRS is configured by LMF. There is a high probability that the measurement gap is inconsistent with the  PRS configuration.  For example, the measurement gap window may only include the medium and lower priority PRS as Figure 4. If the measurement rule must follow the priority of LMF provided,  the medium and lower priority PRS can’t be measured when high priority PRS is not measured because of without measurement gap for it.


[bookmark: _Ref46505814]Figure 4 The diagram with the measurement gap and priority
Therefore, for this case, the priority rule only is valid for the PRS in the measurement gap windows. Then, it avoids the PRS can not be measured because the high priority PRS is not configured with the measurement gap. For example, there are PRS #1~#10 with a decreasing order for measurement, and the UE is configured with a measurement gap in that window only includes PRS #2, #3, #5, #9. Then the UE can measure PRS #2, #3, #5, #9 before measure PRS #1.
Proposal 4: The sorted PRS resource priority is assumed only within the measurement gap window on the UE side.
Conclusion
In this contribution, we discuss on remaining issues on prioritization of postioning assistance data for NR positioning with the following proposals:
Observation 1: The definition of positioning frequency layer in NR is not the same as in LTE.
Observation 2: Such network indicated priority of positioning layer may restrict UE’s ability to measure different positioning frequency layer.
Proposal 1: In Rel-16, DL PRS positioning frequency layers in NR are not sorted according to priority of UE processing.  
Proposal 2: In Rel-16, DL PRS resources within DL PRS Resource Set are not sorted according to priority of UE processing.
Proposal 3: When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE is expected to process at least the DL-PRS Resources in a group indicated in the assistance data for a PRS resource set of a TRP in a frequency layer.
Proposal 4: The sorted PRS resource priority is assumed only within the measurement gap window on the UE side.
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