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Introduction
In this contribution, we will provide a few corrections to RAN1 specification on NR positioning.
PRS processing priority
In RAN1#101, the following PRS processing priority rule was agreed.
	Agreement:
· 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



Firstly there is remaining FFS parts on the positioning frequency layers and resources selection; secondly there is a mistake on the reference part as the reference should not be “for each frequency layer”, but rather “across all frequency layers”; thirdly from spec perspective, the purpose of specifying the priority is that to reach aligned understanding between UE and LMF on which PRS resources are measured.
Based on our understanding, the two FFS bullets should have “FFS:” removed as we already make it clear that the reference should also have the highest priority. The reference should also be corrected to be across all positioning frequency layers. On the TP to capture the priority, we prefer to explicitly state in the spec that which positioning frequency layers, TRPs, DL PRS resource sets, and DL PRS resources are expected to be measured by the UE, which is also understood by LMF.
Proposal 1: Update the agreement from RAN1#101 as follows:
	Agreement:
· 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:
a) FFS: the 4 frequency layers are sorted according to priority,
b) The 64 TRPs per frequency layer are sorted according to priority,
c) The 2 sets per TRP of the frequency layer are sorted according to priority,
d) 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 across all frequency layers has the highest priority at least for DL-TDOA



Proposal 2: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
If UE reports DL PRS resource capability for a positioning method in higher layer parameters NR-DL-PRS-ResourcesCapability-r16, and if UE is provided by the higher layers to receive PRS, UE is only expected to measure the DL PRS resources selected according to the following steps:
-	Step.1 Select the first maxNrOfPosLayer-r16 positioning frequency layers;
-	Step.2 Select the first maxNrOfTRP-AcrossFreqs-r16 positioning nodes in the order of positioning frequency layers within the selected maxNrOfPosLayer-r16 positioning frequency layers;
-	Step.3 Select the first maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16 DL PRS resource sets within each positioning node on each positioning frequency layer from the selected maxNrOfTRP-AcrossFreqs-r16 positioning nodes;
-	Step.4 Select the first maxNrOfDL-PRS-ResourcesPerResourceSet-r16 DL PRS resources within each DL PRS resource sets from the selected DL PRS resource sets;
-	Step.5 Select the first maxNrOfDL-PRS-ResourcesPerPositioningFrequencylayer-r16 DL PRS resources in the order of positioning node, DL PRS resource set, and DL PRS resource within each selected positioning frequency layer;
-	Step.6 Select the first maxNrOfDL-PRS-ResourcesAcrossAllFL-TRP-ResourceSet-r16 DL PRS resources in the order of positioning frequency layer, positioning node, DL PRS resource set, and DL PRS resource across all positioning frequency layers within each FR.
UE expects that the reference indicated by nr-DL-PRS-ReferenceInfo-r16 is selected.
===================== Unchanged parts omitted ======================

We use the following example to show the resource selection procedure:
· Assuming the assistance data for PRS resources within a positioning method is as follows:
· Number of frequency layers is 4.
· Number of TRPs per frequency layer is 2.
· Number of resource sets per TRP is 2.
· Number of resources per resource set is 4. 
· The parameters describing UE PRS resource capability are shown in Table 1. 
· UE PRS resources selection according to UE capability is show in Figure 1 with the selected ones in each step are highlighted in red box.
· Step 1, all TRPs of all frequency layers are selected since X1=4. 
· Step 2, the first 4 TRPs are selected according to X6. 
· Step 3 and 4, the PRS resources are selected according to X3 and X4 with the order of the configured list. The number of selected PRS resources corresponding to 2 frequency layers is 8, and each frequency layer contain 4 PRS resources. 
· Step 5, the number of PRS resources per frequency layer (X7) is equal to the number of the selected PRS resources in Step 4, so the selected ones stay the same.
· Step 6, the first 4 PRS resources are selected according to X5.
· In the end, the selected PRS resources are corresponding to two TRPs within the first frequency layer.

[bookmark: _Ref40283668]Table 1 Example of UE PRS resource capability
	Description
	Value

	Max number of frequency layers (X1)
	4

	Max number of PRS resource sets per TRP per frequency layer (X3)
	1

	Max number of Resources per PRS resource set (X4)
	2

	Max number of DL PRS resources per UE (X5)
	4

	Max number of TRPs for all frequency layers (X6)
	4

	Max number of Resources per frequency layer (X7)
	4
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[bookmark: _Ref40283619][bookmark: _Ref40283601]Figure 1 Example of PRS resources selection according to UE capability
Based on the analysis of the above example, we have the following observation:
Observation 1: The final selected PRS resources may be belong to the TRPs that are fewer than the TRPs selected only using X1 and X6. It will be up to UE implementation for these additional TRPs.

PRS processing capability
Some clarifications are needed regarding how to calculate the PRS durations, including
· The numerology of the OFDM assumed for type-1/type-2 duration
· The meaning of  and  for type-2 duration
As the numerology of interest may be either PRS numerology or the BWP numerology, and BWP numerology is unknown to LMF and PRS measurement should be always within the measurement gap, we suggest to make it clear that the numerology here means the numerology of PRS.
Proposal 3: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
For the case when measurement gap is configured, the UE DL PRS processing capability is defined in [TS 38.306 Clause 4.2.7.2]. For the purpose of DL PRS processing capability, the duration K ms of DL PRS symbols within any P ms window, is calculated by
-	Type 1 duration calculation with UE symbol level buffering capability

-	Type 2 duration calculation with UE slot level buffering capability

-	S is the set of slots based on the numerology of PRS 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.
-	For Type 1,  is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols based on the numerology of PRS of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , where the interval  considers 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 2,  is the numerology of PRS, and  is the cardinality of the set .
===================== Unchanged parts omitted ======================
Regarding PRS processing capability, RAN1 sent an LS to RAN2 in [2] during RAN1#101-e. However, RAN2 considered that PRS related capability should better be captured in LPP rather than 38.306, and dismissed the LS. Therefore, we suggest to capture the text in TS 38.214.
Proposal 4: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
For the purpose of the DL PRS processing capability, if UE reports DL PRS processing capability (N, T), for any  time window, the UE should be capable to process all DL PRS resources within , if
-	, and
-	the number of resources in each slot does not exceed the UE capability provided by the higher layer parameter maxNumDL-PRS-ResourcesPerSlot, and
-	the configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) is no more than X% [TS 38.133, clause TBD].
===================== Unchanged parts omitted ======================

Finalizing UL RTOA
In the reply LS from RAN3 [3], RAN3 replied that they do not see a need and therefore have not included the UL RTOA reference time definition in RAN3 specification. Therefore, it should be captured in RAN1 spec.
In addition, since Rel-15 SRS can also be used for UL RTOA measurement, the restriction on SRS for positioning should be removed.
Proposal 5: Endorse the following TP to TS 38.215.
===================== Unchanged parts omitted ======================
5.2.2	UL Relative Time of Arrival (TUL-RTOA)

	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in positioning node j, relative to the RTOA Reference Time [15].

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS 38.455]
-	, where  and  are the system frame number and the subframe number of the SRS, respectively.

Multiple SRS resources for positioning can be used to determine the beginning of one subframe containing SRS received at a positioning node.

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



===================== Unchanged parts omitted ======================
Text proposal related to SRS for positioning 
MAC CE in Clause 6.1.3.26 of TS 38.321 is provided to indicate spatial relations for AP-SRS (or SP-SRS) configured by SRS-ResourceSet and not SRS-PosResourceSet-r16. In fact, RAN1 has not agreed that the spatial relations of AP-SRS configured by SRS-PosResourceSet-r16 can be indicated using MAC-CE.  Even if such a mechanism were agreed, the MAC CE in Clause 6.1.3.26 of TS 38.321 cannot be reused since it only indicates source spatial relation RSs that belong to serving cells. This needs to be clarified in Clause 6.2.1 of 38.214 as the current text implies that the MAC CE in Clause 6.1.3.26 of TS 38.321 applies to both AP-SRS configured by SRS-ResourceSet and SRS-PosResourceSet-r16. As such, we propose the following:
Proposal 6: Endorse the following TP to TS 38.214 Clause 6.2.1.
===================== Unchanged parts omitted ======================
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource or SRS-PosResource-r16 is set to 'aperiodic':
===================== Unchanged parts omitted ======================
-	when a UE receives an spatial relation update command, as described in clause 6.1.3.26 of [10, TS 38.321], for an SRS resource configured with the higher layer parameter SRS-Resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot The update command contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the updated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise. When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS resource set.
===================== Unchanged parts omitted ======================

Conclusion
In this contribution, we have the following proposals.
Proposal 1: Update the agreement from RAN1#101 as follows:
	Agreement:
· 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:
a) FFS: the 4 frequency layers are sorted according to priority,
b) The 64 TRPs per frequency layer are sorted according to priority,
c) The 2 sets per TRP of the frequency layer are sorted according to priority,
d) 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 across all frequency layers has the highest priority at least for DL-TDOA



Proposal 2: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
If UE reports DL PRS resource capability for a positioning method in higher layer parameters NR-DL-PRS-ResourcesCapability-r16, and if UE is provided by the higher layers to receive PRS, UE is only expected to measure the DL PRS resources selected according to the following steps:
-	Step.1 Select the first maxNrOfPosLayer-r16 positioning frequency layers;
-	Step.2 Select the first maxNrOfTRP-AcrossFreqs-r16 positioning nodes in the order of positioning frequency layers within the selected maxNrOfPosLayer-r16 positioning frequency layers;
-	Step.3 Select the first maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16 DL PRS resource sets within each positioning node on each positioning frequency layer from the selected maxNrOfTRP-AcrossFreqs-r16 positioning nodes;
-	Step.4 Select the first maxNrOfDL-PRS-ResourcesPerResourceSet-r16 DL PRS resources within each DL PRS resource sets from the selected DL PRS resource sets;
-	Step.5 Select the first maxNrOfDL-PRS-ResourcesPerPositioningFrequencylayer-r16 DL PRS resources in the order of positioning node, DL PRS resource set, and DL PRS resource within each selected positioning frequency layer;
-	Step.6 Select the first maxNrOfDL-PRS-ResourcesAcrossAllFL-TRP-ResourceSet-r16 DL PRS resources in the order of positioning frequency layer, positioning node, DL PRS resource set, and DL PRS resource across all positioning frequency layers within each FR.
UE expects that the reference indicated by nr-DL-PRS-ReferenceInfo-r16 is selected.
===================== Unchanged parts omitted ======================

Proposal 3: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
For the case when measurement gap is configured, the UE DL PRS processing capability is defined in [TS 38.306 Clause 4.2.7.2]. For the purpose of DL PRS processing capability, the duration K ms of DL PRS symbols within any P ms window, is calculated by
-	Type 1 duration calculation with UE symbol level buffering capability

-	Type 2 duration calculation with UE slot level buffering capability

-	S is the set of slots based on the numerology of PRS 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.
-	For Type 1,  is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols based on the numerology of PRS of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , where the interval  considers 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 2,  is the numerology of PRS, and  is the cardinality of the set .
===================== Unchanged parts omitted ======================

Proposal 4: Endorse the following TP to clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
For the purpose of the DL PRS processing capability, if UE reports DL PRS processing capability (N, T), for any  time window, the UE should be capable to process all DL PRS resources within , if
-	, and
-	the number of resources in each slot does not exceed the UE capability provided by the higher layer parameter maxNumDL-PRS-ResourcesPerSlot, and
-	the configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) is no more than X% [TS 38.133, clause TBD].
===================== Unchanged parts omitted ======================

Proposal 5: Endorse the following TP to TS 38.215.
===================== Unchanged parts omitted ======================
5.2.2	UL Relative Time of Arrival (TUL-RTOA)

	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in positioning node j, relative to the RTOA Reference Time [15].

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS 38.455]
-	, where  and  are the system frame number and the subframe number of the SRS, respectively.

Multiple SRS resources for positioning can be used to determine the beginning of one subframe containing SRS received at a positioning node.

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



===================== Unchanged parts omitted ======================

Proposal 6: Endorse the following TP to TS 38.214 Clause 6.2.1.
===================== Unchanged parts omitted ======================
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource or SRS-PosResource-r16 is set to 'aperiodic':
===================== Unchanged parts omitted ======================
-	when a UE receives an spatial relation update command, as described in clause 6.1.3.26 of [10, TS 38.321], for an SRS resource configured with the higher layer parameter SRS-Resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot The update command contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the updated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise. When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS resource set.
===================== Unchanged parts omitted ======================
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