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1. Introduction
The following agreements were reached with respect to the DL PRS processing during the previous RAN1 meeting:

	Agreement:
· For the purpose of DL PRS processing capability, the duration of DL PRS symbols (K) in ms within any P msec window, is calculated by
· Type 1 duration calculation with
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· Type 2 duration calculation with 
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· where 
· Type 1 or Type 2 is reported as UE capability,
· S is the set of slots of a serving cell within the P msec window in the positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference),
· for Type 1, [Tsstart, Tsend]is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot . 
· Interval[Tsstart, Tsend] considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference).

Agreement:
· For UE DL PRS processing capability, 
· UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· Additionally, UE reports new parameter, number of DL PRS resources that UE can process in a slot, which is reported per SCS per band. 
· Values: {1, 2, 4, 8, 12, 16, 32, 64}
· The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum BW reported by UE = {5, 10, 20, 40, 50, 80, 100, 200, 400} MHz

Agreement:
The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Agreement:
UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)

Agreement:
UE capability for DL PRS processing is defined assuming the case with configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than X%
· FFS: X


2. PRS processing without Measurement Gaps
During the previous meeting, it was discussed whether the UE would report PRS processing capabilities separately for the case of “with Measurement gaps” and “without Measurement gaps”. 

Even though, we were and still are in favour of such a proposal, there was only an agreement to support reporting of PRS processing capabilities assuming Measurement gaps configured. It should be evident, that when the UE is not configured with MGs, it would have to multiplex the processing of PDCCH/PDSCH signals with the PRS.  The UE would not have dedicated RF and BaseBand (BB) resources just for PRS processing. In other words, the available memory budgets / CPU processing are being shared between DL PRS and other functions of the UE. In some cases, a UE may not even be able to process any PRS outside measurement gaps. For example, in FR2, a UE may be required to do a completely different Beam management procedure which can only be safely happening inside measurement gaps. 

Based on the current discussion, one could imagine the following 3 way forwards:
1. Introduce a separate FG capability of PRS processing without MGs. In this case, the UE at a minimum should report different (N,T) and number of PRS resources per slot.
2. If a UE supports PRS processing without MG, then a default PRS processing capability would be assumed for all UEs (e.g. the reported BW of PRS processing capability with MG can be assumed for the case “without MGs”, but a minimum (N,T) and number of PRS resources per slot, should be supported from all the UEs.
3. NR Rel-16 does not support PRS processing without MG.

Even though Option 3 might appear as a drastic way forward, we think that significant time would be spent to identify default UE capabilities for all UEs supporting PRS processing MG (Option 2 in the list above), and we don’t think that have such time available. Therefore, we still prefer to go with Option 1, and if it is not agreeable, agree with Option 3 for NR Rel-16.

Proposal 1: Introduce a separate PRS processing capability without MG configured (reported per band) in which the UE can at least report, if supports this feature, a component for (N,T) and number of PRS resources per slot. 
· The same maximum ratio of PRS Length to PRS periodicity should be assumed with the maximum MGL/MGRP for the case of PRS processing with MG.
· If this is not agreeable, conclude that PRS processing without MG is not supported in NR Rel-16.
3. PRS processing with MG: Maximum MGL/MGRP
In NR Rel-15 a series of Gap patterns (MGL and MGRP) are supported. The highest duty cycle is the Gap patterhn with pattern ID = 4, which has MGL = 6 msec and MGRP = 20 msec, which is a 30% of overhead.

In RAN4 [1], it is being discussed whether to introduce additional MGL and MGRP patterns. We think that it will be rather essential to introduce longer MGL values especially because of the following two reasons:
· The MGs will have to be reused with RRM measurements based on agreements in RAN4. Independent MG patterns for positioning and RRM measurements is deferred to future release as was concluded in the previous RAN4 meeting.
· Multiple PRS resources are needed per TRP for several of the methods, for both FR1 and FR2. It can be easily seen that a PRS instance could span more than 5 msec (longest MGL is 6 msec and note that 0.5 msec from both sides in the MG is used for tune-in and tune-out). 

Based on the above, we propose to have a maximum MGL/MGRP ratio of 1/3, which is similar to maximum existed in NR Rel-15, and introduce additional MGL and MGRP. 

Proposal 2: The DL PRS processing capability is reported under the assumption of a maximum 1/3 of MGL/MGRP ratio. 
· Inform RAN4 that RAN1 assumes that additional (MGL, MGRP) should be supported for NR Rel-16 Positioning processing. 
4. Text Proposal for DL PRS symbols Duration Definition
A Text proposal is needed to be captured in 38.214 with regards to the definition of the duration of DL PRS symbols. We make the following TP on this topic:

Proposal 3: Agree on the following TP for 38.214 at the end of Section 5.1.6.5:

	[bookmark: _Hlk40192027]For the purpose of the DL PRS processing capability provided by [XX], the duration of DL PRS symbols (K) in ms within any P ms window, is calculated as , or  for a Type 1 or Type 2 UE respectively, subject to UE capability, where

· S is the set of slots of a serving cell within the P ms window in the positioning frequency layer that contains the potential DL PRS resources considering the configured nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets,
· for a Type 1 UE, [Tsstart, Tsend]is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , wherein the interval [Tsstart, Tsend] is determined by the configured nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets.



5. DL PRS Capabilities & Assistance Data Prioritization
In the latest UE features lists, several per-method UE capabilities related to DL PRS resources are included:
· Max number of DL PRS Resource Sets per TRP per frequency layer supported by UE.
· Max number of DL PRS Resources per DL PRS Resource Set
· Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets. 
· Max number of TRPs across all positioning frequency layers per UE. 
· Max number of DL PRS Resources per positioning frequency layer. 

It should be noted also that the assistance data is configured in LPP in a “per method” way: There is a big bucket with all the assistance data across methods (NR-DL-PRS-AssistanceData-r16), and then, for each method (NR-DL-TDOA-ProvideAssistanceData-r16, NR-DL-AoD-ProvideAssistanceData-r16, NR-Multi-RTT-ProvideAssistanceData-r16), there are 
· the “selected” layers (NR-SelectedDL-PRS-PerFreq-r16), 
· the “selected” TRPs per layer (nr-SelectedDL-PRS-IndexListPerFreq-r16), 
· the “selected” PRS resource sets per TRP (dl-SelectedPRS-ResourceSetIndexList-r16),
· the “selected”  PRS resources per PRS resource set (dl-SelectedPRS-ResourceIndexList-r16). 

This is shown in the text below:
-- ASN1START

NR-SelectedDL-PRS-IndexList-r16 ::=	SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF 
										NR-SelectedDL-PRS-PerFreq-r16

NR-SelectedDL-PRS-PerFreq-r16 ::= SEQUENCE {
	nr-SelectedDL-PRS-FrequencyLayerIndex-r16	INTEGER (0..nrMaxFreqLayers-1-r16),
	nr-SelectedDL-PRS-IndexListPerFreq-r16 		SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
 														NR-SelectedDL-PRS-IndexPerTRP-r16
																			OPTIONAL,	--Need ON
	...
}

NR-SelectedDL-PRS-IndexPerTRP-r16 ::= SEQUENCE {
	nr-SelectedTRP-Index-r16					INTEGER (0..nrMaxTRPsPerFreq-1-r16),
	dl-SelectedPRS-ResourceSetIndexList-r16		SEQUENCE (SIZE (1..nrMaxSetsPerTrp-r16)) OF
 														DL-SelectedPRS-ResourceSetIndex-r16
 																			OPTIONAL,	--Need ON
	...
}

DL-SelectedPRS-ResourceSetIndex-r16 ::= SEQUENCE {
	nr-DL-SelectedPRS-ResourceSetIndex-r16		INTEGER (0..nrMaxSetsPerTrp-1-r16),
	dl-SelectedPRS-ResourceIndexList-r16		SEQUENCE (SIZE (1..nrMaxResourcesPerSet-r16)) OF
 														DL-SelectedPRS-ResourceIndex-r16
	 																		OPTIONAL	--Need ON
}

DL-SelectedPRS-ResourceIndex-r16 ::= SEQUENCE {
	nr-dl-SelectedPRS-ResourceIdIndex-r16		INTEGER (0..nrMaxNumDL-PRS-ResourcesPerSet-1-r16),
	...
}

-- ASN1STOP

Question: If the LMF configures assistance data inside a method that is more than the per method reported capabilities (FG 13-2,13-3,13-4), which one should the UE measure? 

In LTE, a similar problem was identified and it was solved in the following way as found in 36.355: 

	The IE OTDOA-NeighbourCellInfoList is used by the location server to provide neighbour cell information for OTDOA assistance data. If the target device is not capable of supporting additional neighbour cells (as indicated by the absence of the IE additionalNeighbourCellInfoList in OTDOA-ProvideCapabilities), the set of cells in the OTDOA-NeighbourCellInfoList is grouped per frequency layer and in the decreasing order of priority for measurement to be performed by the target device, with the first cell in the list being the highest priority for measurement and with the same earfcn not appearing in more than one instance of OTDOA‑NeighbourFreqInfo.



We propose to define a similar prioritization rule for each method as it was done in LTE so that both LMF and UE have a common understanding which PRS will be prioritized in the measurements. 

Specifically, we make the following proposal: The UE would expect that in each layer, the assistance data for each TRP are ordered in decreasing order of priority. That is, the assistance data of TRP1 (aka the PRS resources of TRP1) have higher priority than the assistance data of TRP2, etc.

Proposal 4. 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:
· the 4 frequency layers are sorted according to priority,
· the 64 TRPs per frequency layer are sorted according to priority,
· the 2 sets per TRP of the frequency layer are sorted according to priority,
· the 64 resources of the set per TRP per frequency layer are sorted according to priority.
6. Conclusion
[bookmark: _Hlk37404285]We make the following proposals: 

Proposal 1: Introduce a separate PRS processing capability without MG configured (reported per band) in which the UE can at least report, if supports this feature, a component for (N,T) and number of PRS resources per slot. 
· The same maximum ratio of PRS Length to PRS periodicity should be assumed with the maximum MGL/MGRP for the case of PRS processing with MG.
· If this is not agreeable, conclude that PRS processing without MG is not supported in NR Rel-16.

Proposal 2: The DL PRS processing capability is reported under the assumption of a maximum 1/3 of MGL/MGRP ratio. 
· Inform RAN4 that RAN1 assumes that additional (MGL, MGRP) should be supported for NR Rel-16 Positioning processing. 

Proposal 3: Agree on the following TP for 38.214 at the end of Section 5.1.6.5:

	For the purpose of the DL PRS processing capability provided by [XX], the duration of DL PRS symbols (K) in ms within any P ms window, is calculated as , or  for a Type 1 or Type 2 UE respectively, subject to UE capability, where

· S is the set of slots of a serving cell within the P ms window in the positioning frequency layer that contains the potential DL PRS resources considering the configured nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets,
· for a Type 1 UE, [Tsstart, Tsend]is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , wherein the interval [Tsstart, Tsend] is determined by the configured nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets.




Proposal 4. 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:
· the 4 frequency layers are sorted according to priority,
· the 64 TRPs per frequency layer are sorted according to priority,
· the 2 sets per TRP of the frequency layer are sorted according to priority,
· the 64 resources of the set per TRP per frequency layer are sorted according to priority.
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