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[bookmark: _Ref129681832]In RAN1#98 [5], the support of indicating timing related procedure for DL PRS reception, and SRS transmission was discussed. In this contribution, we are going to discuss the remaining issues regarding UE and gNB procedures for NR positioning.

UE procedure for receiving DL PRS
DL PRS receive window configuration
Regarding the PRS receive window configuration, we had the following agreements in RAN1#98 [5].
	Agreement:
For providing an indication of when the DL PRSs are expected to arrive in time at the UE, at least one of the following options is supported: 
· Option 1:  Provide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).
· Option 2: Provide a TRP transmission time difference (e.g., time offset between SFN#0, subframe offset, slot-, symbol-, sub-symbol-,  ns-offset, etc.) and expected propagation delay difference together with uncertainty (search window) to the UE for the TRPs in the assistance data. 
· A search window may be needed for both, TRP transmission time difference and propagation time difference.
· Sub-SFN granularity (e.g, subframe offset, slot-, symbol-, sub-symbol-, ns-offset) may be obtained from the DL-PRS configuration information once time offset between SFN#0 is provided to the UE.



In LTE, network shall ensure that the first PRS (not additional PRS configurations) transmitted from the neighbour cell should be at most half subframe offset with the first PRS transmitted from the reference cell if both cells are on the same frequency, which is specified in [2].
	prsInfo
This field specifies the first PRS configuration of the neighbour cell.
When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target device may assume that each PRS positioning occasion in the neighbour cell at least partially overlaps with a PRS positioning occasion in the assistance data reference cell where the maximum offset between the transmitted PRS positioning occasions may be assumed to not exceed half a subframe.
When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target may assume that this cell has the same PRS periodicity (TPRS) as the assistance data reference cell.


For inter-frequency neighbour cells, additional subframe offset can be configured, as shown in Figure 1.
Therefore, in LTE the expected RSTD for both intra-frequency and inter-frequency neighbour cell can be limited to only ±0.8ms (with 14 bits and 3Ts indication granularity).
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[bookmark: _Ref19701516]Figure 1 Expected RSTD/RSTD uncertainty in LTE

This approach in LTE may not work very well in NR, due to the following reasons.
· There is no first PRS resource/PRS resource set defined in NR yet, so even for PRS transmitted on the same frequency, it is not clear which pair of PRS resources/PRS resource sets can be assumed as the so-called partial overlapping with at most half-subframe offset as in LTE. Note there is even no reference cell/TRP in NR yet.
· Even if there could be a nominal “first PRS resource” for each TRP, and network indicates the expected RSTD based on the arriving timing difference between the nominal “first PRS resources”, it cannot guarantee that the “first PRS resource” can be detected by the UE. This is because NR DL PRS may be transmitted via a beam-sweeping manner, resulting in the detectable PRS resources vary between TRPs. Figure 2 shows an example, where two TRP transmits 4 PRS resources (PRS#x_1 ... PRS#x_4) associated with 4 beams, and the PRS resources between two TRPs are allocated to be overlapping as much as possible. Due to the beam coverage issue, UE is only able to detect PRS#1_1 and PRS#1_4 (with a smaller RSRP) for TRP#1, and PRS#2_3 and PRS#2_4 (with a small RSRP) for TRP#2, respectively. From the time domain, the PRS resources are spreading in multiple slots. It is unclear how the expected RSTD should be indicated to the UE.
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[bookmark: _Ref19701432]Figure 2 Example of varying detectable PRS resources across TRPs

· Meanwhile, if LMF is allowed to select a subset of PRS resources from a TRP (partial assistance data) to the UE based on some prior knowledge, it is unclear how the expected RSTD should be indicated to the UE and whether it should be the same as the full assistance data, shown in Figure 3.
· Note that the underlying mechanism of selecting a subset of PRS resources from a TP is based on the following assumption
· LMF has prior knowledge, e.g., coarse UE location estimate and PRS beam information, and is willing to help UE reduce the processing complexity.
· gNB is not expected to change the transmission schedule for one particular UE, i.e., from gNB perspective, even if LMF may select a subset of PRS resources for one UE, gNB still transmits all PRS beams, part of which is transparent to the UE.
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[bookmark: _Ref19708686]Figure 3 Example of partial assistance data delivery by LMF
Observation 1: LTE way of indicating RSTD search window may not work well since there is no clear definition of first PRS configuration for a TRP, and PRS resources are transmitted in a beam sweeping manner.
An alternative is to provide the detailed timing of each TRPs to the UE, e.g., the SFN initialization time. First of all, the SFN initialization time should anyway be provided by each NG-RAN node to the LMF, The examples in LPPa/NRPPa are shown below. 
	[bookmark: _Toc517378415]9.2.7	OTDOA Cell Information (LPPa, TS 36.455 [8])
This IE contains OTDOA information of a cell/TP.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	OTDOA Cell Information
	
	1 .. <maxnoOTDOAtypes>
	
	

	>CHOICE OTDOA Cell Information Item
	M
	
	
	

	>>SFN Initialisation Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.






	[bookmark: _Toc534903094]9.2.15	OTDOA Cell Information (NRPPa, TS 38.455 [10])
This IE contains OTDOA information of a cell/TP.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	OTDOA Cell Information
	
	1 .. <maxnoOTDOAtypes>
	
	

	>CHOICE OTDOA Cell Information Item
	M
	
	
	

	>>SFN Initialisation Time EUTRA
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.






Secondly, UE would use the SFN initialization time to get the entire timing of the TRP, so that for example, SSB position and other periodic resources not available for PRS, which may be presumably initialized every system frame, can be derived by the UE.
With SFN initialization time, additional expected delay and expected delay uncertainty can be used to locate the receiving time and form the PRS search window, as shown in Figure 1. 
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Figure 4 SFN initialization time + expected delay/day uncertainty
Time or time difference?
It was agreed in RAN1#98 [5] as an option that transmission time difference and propagation delay difference can be indicated to the UE. The argument of providing time difference over providing the time itself was that the SFN initialization time is counted based on the local clock of a gNB, and does not make much sense to the UE, if UE is not synchronized to the GNSS with the same accuracy as the gNB. However, UE may still calculate the SFN initialization time difference between gNBs and the propagation delay difference between gNBs if the assistance data contains the individual value of SFN initialization time and the expected propagation delay.
It is also worth noting that in either way, providing time or time difference in the assistance data, UE should at least has knowledge of the receive timing of a TRP, and the timing of another TRPs can be derived based on the timing (difference) related information.
Observation 2: Either SFN initialization time or SFN initialization time difference can be used to indicate the receive window position. 
Reference for search window or for RSTD?
In LTE OTDOA, we have
· Assistance data reference cell and assistance data neighbour cell in the assistance data
· RSTD reference cell and RSTD neighbour cell in the location information reporting
The assistance data reference cell serves two purposes
· Timing reference for deriving the search window for OTDOA neighbour cells
· Default RSTD reference cell for calculating the RSTD of a RSTD neighbour cell
· UE should anyway report the cell identify of the RSTD reference cell, but some field may be omitted if the field is the same as that of the assistance data reference cell
However in NR, the following agreement [4] only touches the RSTD reporting reference configuration. So far, there is no assistance data reference, regardless of it being a DL PRS resource, or a DL PRS resource set, or others.
	Agreement:
· The network can indicate one or more of the following for the UE to use to determine a reference (reference time based on the DL PRS Resource ID(s)) for DL RSTD measurements. 
· A DL PRS Resource ID 
· A subset of DL PRS Resource IDs from a single DL PRS Resource set
· A DL PRS Resource set



In order to provide either expected RSTD or SFN initialization time difference, a reference should selected, which naturally should be a TRP, or a PRS resource set within the TRP. If this reference is introduced, the relationship between the reference and the reference for RSTD measurement should be clarified. It is also worth noting that for DL-AoD and multi-RTT, there seems to be no such reference for measurement.
Observation 3: To use the expected RSTD or SFN initialization time difference, another reference with unclear relationship with the reference agreed for RSTD measurement should be explicitly indicated in the assistance data. 
Based on the discussion, we have the following proposal.
Proposal 1: In order to determine PRS receive window, support modified Option 2.
· Provide the SFN initialization time and expected propagation delay together with uncertainty (search window) to the UE for the TRPs in the assistance data.
· Note that UE is expected to derive the transmission time difference and expected propagation delay difference based on the information.

QCL types beyond QCL-TypeD
PRS can be TypeA/TypeC QCLed with an SSB or CSI-RS from the neighbouring cell. If the SSB/CSI-RS is already detected, it could help UE to identify the coarse receive timing for PRS, e.g., to at least determining a PRS search window. In addition, Doppler estimation could also help the UE in high speed mobility scenarios to compensate for the Doppler shift when receiving PRS.
PRS resource can also be Type A QCLed with another PRS resource from a TRP. Specifically, a PRS with smaller bandwidth and smaller period can be Type A QCLed with another PRS with larger bandwidth and larger period.
Therefore, we have the following proposal.
Proposal 2: Support the following QCL indication for DL PRS
· QCL-TypeC with SSB
· QCL-TypeA with CSI-RS
· QCL-TypeA with DL PRS

DL PRS QCL source configuration
We think that all SSB, CSI-RS, and DL PRS should be supported, because
· SSB-based mobility is mandatory for Rel-15 [12], which means that UE may receive SSB from neighbouring cells in RRM
· CSI-RS based mobility is optional for Rel-15, which means that UE may receive CSI-RS from neighbouring cells in RRM
· A PRS with larger bandwidth and larger period in time can be QCLed with another PRS with a smaller bandwidth and smaller period in time [5].
To configure the source RS of SSB, LPP should provide the following information with respect to
· SSB frequency
· SSB subcarrier spacing
· SSB periodicity, including 5ms offset
· SSB index
To configure the source RS of CSI-RS, LPP should provide the following information with respect to
· CSI-RS frequency, e.g., Point A
· CSI-RS subcarrier spacing
· CSI-RS bandwidth
· CSI-RS density
· CSI-RS periodicity and offset
· CSI-RS RE mapping within a RB
· CSI-RS symbol
· CSI-RS sequence scrambling ID
Note that some fields may be common across multiple PRS resources, or even may be omitted if a default value can be assumed.
To configure the source RS of PRS, LPP only needs to associate two PRS resources in the assistance data.
Proposal 3: Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS, and it is up to UE to associate it to the SSB and CSI-RS configured for RRM, respectively.
· For SSB, the indication includes
· SSB frequency
· SSB subcarrier spacing
· SSB periodicity, including 5ms offset
· SSB index
· For CSI-RS, the indication includes
· CSI-RS frequency, e.g., Point A
· CSI-RS subcarrier spacing
· CSI-RS bandwidth
· CSI-RS density
· CSI-RS periodicity and offset
· CSI-RS RE mapping within a RB
· CSI-RS symbol
· CSI-RS sequence scrambling ID
· For DL PRS, the QCL relation can be implicitly assumed across multiple PRS resource sets from the same TRP, e.g., PRS resources with the same ID across multiple PRS resource sets in one TRP are implicitly assumed QCLed.
To enable to configure the QCL source RS, each gNB should provide its own configuration of SSB or CSI-RS to LMF through NRPPa.

Rx beam restriction for DAoD
For DL-AoD, UE uses a fixed Rx beam to receive DL PRS resources. If either one of the following conditions is met
· PRS configuration in DAoD, or
· Measurement reporting in DAoD
Even if multiple PRS resources are configured with a different QCL source RS, UE shall measure for a cell the PRS-RSRP using the same Rx beam with the same Rx branch.
Proposal 4: Support the reported PRS-RSRP to be measured by the same Rx beam on the same Rx branch if 
· PRS configuration is provided for DAoD, or
· Measurement reporting is provided for DAoD.
In terms of which Rx beam to be selected, it depends on if network already knows the best PRS beam. For example
· If it knows, the network can provide a reference PRS resource to the UE so that the Rx beam should be selected to maximize the RSRP of the reference PRS resource. 
· If it does not know, no such reference PRS resource is provided, then UE should perform Rx beam sweeping across all Tx beams, and select the Rx beam that maximize the RSRP across all Tx-Rx beam pairs. 
After UE selects the Rx beam, UE should measure the PRS-RSRPs for all PRS resources for a TRP using that particular Rx beam.
Proposal 5: The fixed Rx beam for a TRP should be selected that maximize the RSRP or the power of the first path 
· For a reference PRS resource if provided, or
· Across all PRS resources.

UE procedure for transmitting SRS
Configuration details regarding SRS beam management/alignment 
	Agreement [3]:
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
· Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behaviour)



Supported DL RSs as spatialRelationInfo RS 
In RAN1 97, it was agreed that at least SSB from the serving and the neighbouring cells is used as the spatialRelationInfo RS for the positioning SRS. We believe that CSI-RS resources from the serving and the neighbouring cells should also be supported to be used as the spatialRelationInfo RS for the positioning SRS at least due to the following reasons:
1) CSI-RS transmit beams are UE-specific and typically narrower than the SSB transmit beams and, as such, are better candidates for the spatialRelationInfo RS in general. 
2) CSI-RS from the serving cell is already used as a spatialRelationInfo RS for SRS in Rel. 15. Extending the use of the CSI-RS from the neighbouring cells as a spatialRelationInfo RS for positioning SRS is logical and straightforward.
3) For mobility purposes, UE can be configured in MeasObjectNR to measure multiple groups of CSI-RS resources where each group is transmitted from a serving or a neighbouring cell. If some of these neighbouring cells are also the target cells in UL-based positioning, their configured CSI-RS resources in MeasObjectNR are known at the UE and can be directly indicated to the UE as the spatialRelationInfo RS for the positioning SRS.

We also support indicating DL PRS from the serving and neighbouring cells as a spatialRelationInfo RS for the positioning SRS at least due to the following reasons:
1) If UE is configured to measure DL PRS from the serving and the neighbouring cells for, e.g., the DL-based or multi-RTT positioning, as long as the configuration is valid, the configured DL PRS can also be indicated to the UE to be used for any other purposes. This includes the use of the configured DL PRS as a spatialRelationInfo RS for the positioning SRS.
2) In the multi-RTT positioning solution, the RTT is measured between a UE-gNB pair: The gNB that transmits a DL PRS for the “UE Rx – Tx time difference measurement” is the recipient of the SRS for the “gNB Rx – Tx time difference measurement” from the same UE. As such, it is logical to have a spatial relation between the DL PRS for the “UE Rx – Tx time difference measurement” and the corresponding SRS for the “gNB Rx – Tx time difference measurement”. This can be realized by indicating the DL PRS as a spatialRelationInfo RS for the corresponding SRS.

As such, we propose to support the configuration of CSI-RS and DL-PRS from the serving and the neighbouring cells as a spatialRelationInfo RS for the positioning SRS. 
Proposal 6:  For positioning purposes, in addition to SSB, support configuring CSI-RS and DL-PRS from the serving and the neighbouring cells as a spatialRelationInfo RS.
· Send this agreement in an LS to RAN2. 
[bookmark: _Ref16332290]Indication of spatialRelationInfo RS to UE
Regarding the indication of the spatialRelationInfo RS to UE, two issues need to be discussed as follows: A) The required parameters to uniquely identify the spatialRelationInfo RS; and B) The used protocol to indicate the spatialRelationInfo RS to the UE. In this Section, we discuss both issues:
A) Required parameters to uniquely identify the spatialRelationInfo RS 
In general, and considering the fact that the spatialRelationInfo RS can be from the neighbouring cells, spatialRelationInfo RS configuration should indicate all parameters that are required to detect a DL RS. This, depending on the DL RS type (SSB, CSI-RS, or DL PRS), includes reference time and frequency points, time and frequency domain resource mapping parameters, periodicity and offset, PCID, resource ID, scrambling ID, and possibly QCL-D properties. However, it may be possible to configure the spatialRelationInfo RS only from the set of DL RSs that is already detected by the UE and/or configured to the UE for potentially other purposes. This includes the detected SSBs from the serving or neighbouring cells during, for instance, the initial access, configured CSI-RS resources from the serving cell, configured SSBs or CSI-RS resources in MeasObjectNR from the serving or neighbouring cells, or configured DL PRS resources for RSTD, DL-AoD, or the UE Rx – Tx time difference measurements. In such a case, to uniquely identify the spatialRelationInfo RS, it is only required to indicate to the UE the DL RS resource ID and the PCID of the corresponding serving or neighbouring cell. Note, in the case that the spatialRelationInfo RS is a DL-PRS, and depending on how DL-PRS resources and DL-PRS resource sets are defined, it may additionally be required to indicate the DL-PRS resource set ID. In the case of CSI-RS, (non-zero power) CSI-RS resources are configured in two different locations in Rel. 15: CSI-RS resources from the serving and neighbouring cells for the purpose of mobility are configured in CSI-RS-ResourceConfigMobility and indexed by CSI-RS-Index and CSI-RS resources from only the serving cell for various in-cell measurement purposes are configured in NZP-CSI-RS-Resource and indexed by NZP-CSI-RS-ResourceId. If the spatialRelationInfo CSI-RS is indicated from the set of DL RSs that are already known (configured) to the UE, the CSI-RS resource ID should refer to the CSI-RS-Index used in CSI-RS-ResourceConfigMobility at least in the case that the target cell is a neighbouring cell.
B) Used protocol to indicate the spatialRelationInfo RS 
In Rel. 15, SRS configuration is given by SRS-Config IE that is configured in RRC. SRS-Config includes a spatialRelationInfo field that indicates the PCID of a serving cell along with the SRS resource index (and the corresponding BWP) or a SSB index or a CSI-RS resource index.  As discussed in our companion paper [7], we do not see any reason to change the SRS configuration protocol.  In Rel. 16, it is only required to add the parameters in the spatialRelationInfo field to be able to additionally indicate a SSB or CSI-RS from a neighbouring cell, or a DL PRS from a serving or a neighbouring cell. 
Note that, at least in LTE, the serving cell is transparent to the configurations of the DL PRS from the neighbouring cells and the E-SMLC sends the configurations of the serving and neighbouring cells to the UE using LPP. Assuming that a similar approach is used in NR, LMF sends the configurations of the serving and neighbouring cells’ DL PRS resources to the UE using LPP and the serving cell is transparent to the DL PRS configurations of neighbouring cells.  This may seem to be problematic when indicating a DL PRS as the spatialRelationInfo RS in the SRS configuration since the SRS is configured by the serving cell in RRC. Note however that if the DL PRS that is used as a spatialRelationInfo RS is already configured to the UE by the LMF for, e.g.,  RSTD, DL-AoD, or the UE Rx – Tx time difference measurements, the serving cell only needs to indicate the DL PRS resource ID, the PCID of the corresponding cell, and possibly the DL PRS resource set ID to configure the DL PRS as the spatialRelationInfo RS in SRS-Config IE in RRC. The DL PRS resource (set) ID and the PCID of the neighbouring cell can be provided by  LMF to the serving cell using NRPPa. 
Proposal 7: spatialRelationInfo RS is configured in RRC and the spatialRelationInfo RS configuration at least includes the DL reference signal (SSB, CSI-RS, or DL-PRS) resource ID and the Cell ID of the transmitting serving/neighbouring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a spatialRelationInfo RS. 
· Send this agreement in an LS to RAN2. 

[bookmark: _Ref16335436]Fallback behavior
Considering the fact that the spatialRelationInfo RS may be transmitted from neighbouring cells, it is advisable to agree on some UE fallback behavior in the case that a spatialRelationInfo RS is configured but is not detected. If a cell transmits a spatialRelationInfo RS but this spatialRelationInfo RS is not detected by the UE, a reasonable approach would be using a detected DL RS from the same cell as the fallback spatialRelationInfo RS. If the cell is a serving cell, the fallback spatialRelationInfo RS can be the SSB used to obtain MIB and if the cell is a neighbouring cell, the fallback spatialRelationInfo RS can be the detected SSB from that cell with the highest RSRP. 
Proposal 8: If a spatialRelationInfo RS is configured but not detected, UE uses the following as a substitute spatialRelationInfo RS: 
· If the cell that transmits the spatialRelationInfo RS is a serving cell, the substitute spatialRelationInfo RS is the SSB used to obtain MIB.
· If the cell that transmits the spatialRelationInfo RS is a neighbouring cell, the substitute spatialRelationInfo RS is the detected SSB from that cell with the highest RSRP. 
We would like to point out that if a spatialRelationInfo RS is not configured, it is up to the UE how to form the SRS transmit beam. For instance, if none of the SRS resources in a SRS resource set is configured with a spatialRelationInfo RS, UE may transmit the SRS resources using transmit beam sweeping. 
Configuration details regarding SRS power control 
	Agreement [3]:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.
Agreement [5]:
For the purpose of power control of the SRS for positioning purposes, support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference. One of the following can be configured as the DL reference signal.
· SSB
· DL-PRS at least for multi-cell RTT
FFS: CSI-RS



Supported DL RSs as pathlossReferenceRS
In Rel. 15, a SSB or a CSI-RS resource from a serving cell can be indicated as a pathlossReferenceRS to obtain the pathloss between the UE and the target serving cell and enable the UE to transmit the SRS with a proper power towards the serving cell. Since the SRS target cell may be a neighbouring cell in Rel. 16 positioning, it was agreed in RAN1 98 that DL-PRS at least for multi-cell RTT and SSB  from a serving or a neighbouring cell can be configured as a SRS pathlossReferenceRS while configuring CSI-RS as a pathlossReferenceRS remained as FFS. We support configuring CSI-RS from the serving and neighbouring cells as a pathlossReferenceRS at least due to the following reasons: 
1) CSI-RS from the serving cell are already used as pathlossReferenceRS for SRS in Rel. 15. Extending the use of CSI-RS from the neighbouring cells as a pathlossReferenceRS for the positioning SRS is logical and straightforward.
2) UE can be configured in MeasObjectNR to measure CSI-RS resources from the serving and neighbouring cells. The performed measurements include CSI-RSRP. Note that once RSRP is calculated, obtaining the pathloss is straightforward as pathloss is given by the transmit power minus RSRP. 
Proposal 9: For positioning purposes, support configuring CSI-RS from the serving and neighbouring cells as a pathlossReferenceRS.
· Send this agreement in an LS to RAN2. 
Indication of pathlossReferenceRS to UE
Similar arguments as in Section 3.1.2 for the indication of spatialRelationInfo RS also apply when discussing how to indicate the pathlossReferenceRS to UE: pathlossReferenceRS from the serving or neighbouring cells should be indicated in RRC and at least the reference signal resource ID and the Cell ID of the transmitting serving or neighbouring cell are required to provide the UE enough information to uniquely identify the pathlossReferenceRS.  We propose the following:
Proposal 10: pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB, CSI-RS, DL-PRS) resource ID and the Cell ID of the transmitting serving/neighbouring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a pathlossReferenceRS. 
· Send this agreement in an LS to RAN2. 
Fallback behavior 
Indicating a pathlossReferenceRS in SRS configuration is not mandatory in Rel. 15. If   pathlossReferenceRS is not configured, UE uses the SSB that is used to obtain MIB as the substitute pathlossReferenceRS [1]. This fallback behavior is well-justified as the SRS target cell for Rel. 15 SRS is a serving cell. In Rel. 16 positioning, SRS target cell may be a neighbouring cell. In such a case, a different fallback behavior should be defined when the pathlossReferenceRS is not configured or is configured but not detected. Similar to the discussion in Section 3.1.3, we believe that a reasonable approach would be using the detected SSB from the target neighbouring cell with the highest RSRP as the fallback pathlossReferenceRS. 
Proposal 11: If a pathlossReferenceRS is not configured or is configured but not detected, UE uses the following detected SSB from the target cell as the pathlossReferenceRS: 
· If the target cell is a serving cell, the substitute pathlossReferenceRS is the SSB used to obtain MIB (Rel. 15 behaviour).
· If the target cell is a neighbouring cell, the substitute pathlossReferenceRS is the SSB with the highest RSRP. 
[bookmark: _Ref15996189]Number of SRS resource sets per BWP
In Rel. 15 SRS configuration, the maximum number of the configured SRS resource sets in a BWP is 16. We believe that the maximum number of SRS resource sets in a BWP should be increased due to the fact that, in contrary to the Rel. 15 SRS usages, SRS resource sets for positioning need to be received at both serving and neighbouring cells where SRS that targets the serving cell may not be usable for a measurement at the neighboring cells in FR2 due to, for instance, different beamforming and/or transit power. Therefore, we propose the following.
Proposal 12: Increase the maximum number of configured SRS resource sets in a BWP from 16 to N>= 32.
· FFS: N
Closed loop power adjustment
	Agreement [3]:
For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighbouring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).




In Rel. 15, SRS transmit power is calculated using the following equation [1]: 
	
	
	(1)


The only closed loop component in Eq. (1) is the SRS power control adjustment state that is updated based on TPC command values in a DCI. In particular, if UE is configured for PUSCH transmissions on active UL BWP b of carrier  f of serving cell C and the RRC parameter srs-PowerControlAdjustmentStates is not set to separateClosedLoop, then  is the same as one of the two PUSCH power control adjustment states or  where  is updated based on TPC command values in a DCI format 0_0 or DCI format 0_1 or DCI format 2_2. In turn, if UE is not configured for PUSCH transmissions on active UL BWP b  of carrier  f of serving cell C or the RRC parameter srs-PowerControlAdjustmentStates is set to separateClosedLoop, is independent of  the PUSCH power control adjustment states and is updated based on the TPC command values in a DCI format 2_3. 
In Rel. 16 positioning, SRS target cell may be a neighbouring cell and, due to the high latency of the inter-gNB communication, it may not be always feasible to update the SRS power control adjustment state based on TPC command values in a DCI as the message that determines the TPC command value needs to be originated from the target neighbouring cell.  As such, we propose to use a binary field that enables or disables the closed loop power control mechanism indicated by PowerControlAdjustmentStates for positioning SRS. The indicator can be configured in RRC or a DCI. 
Proposal 13: For positioning purposes, support configuring a binary field to enable/disable the closed loop SRS power control mechanism indicated by PowerControlAdjustmentStates.
· FFS: Binary indicator is configured in DCI or RRC. 
If the closed loop SRS power control mechanism is enabled, the same mechanism as in Rel. 15 can be used to update the SRS power control adjustment state  with the following exception: When the target cell of the SRS is a neighbouring cell, the SRS power control adjustment state  should not follow the PUSCH power control adjustment state as the PUSCH power control adjustment state is meant to adjust the power of the uplink channel that is sent to a serving cell. In other words, in such a case, PowerControlAdjustmentStates should be set to separateClosedLoop.
Proposal 14: For positioning purposes, when the closed loop SRS power control is enabled and the target cell of SRS is a neighbouring cell, PowerControlAdjustmentStates is set to separateClosedLoop.
[bookmark: _Ref7445209]SRS frame timing 
For NR positioning, when a neighbouring cell has to receive SRS, RAN1 has to decide whether the configuration and transmission of SRS can be based on the frame timing of the neighbouring cell.
In our view, SRS timing should only be based on the timing of the serving cell due to the following considerations:
· Very small specification impact
· Low UE complexity since UE does not have to synchronize to a neighbouring cell
· UE is not required to  transmit the SRS outside any of its UL carriers (no inter-frequency transmission of SRS)
· UE is not required to transmit the SRS in RRC_IDLE/RRC_INACTIVE state when the UE does not have any serving cell
· In the TDD band, neighbouring cells are assumed synchronized (within 3us) to one serving cell on a frequency layer
Although cells may not necessarily be synchronized for some FDD deployments, a neighbouring cell can convert the SRS timing based on the timing information of the serving cell. 
Proposal 15: Positioning SRS frame timing is based on the serving cell timing.
SRS timing adjustments
Based on the discussion in RAN1#98, it seems like UE autonomous TA adjustment can be further considered by RAN4, since RAN4 did similar work in Rel-15. We think that it is beneficial from RAN1 perspective to conclude the SRS TA issue at this meeting. Therefore, we have the following proposal:
Proposal 16: For SRS TA adjustment, whether to support Option 2 is up to RAN4.
However, there could still be some problems when UE transmitting SRS while performing positioning operation somehow receives the TA command from the serving cell, and adjust the timing advance of the SRS of an UL carrier belonging to the TAG indicated in the TA command. Putting aside the underlying reason why gNB sends the TA command to the UE, the network indicated TA adjustment would change the following measurements at both UE and gNB
· UL-RTOA
· UE Rx – Tx time difference
· gNB Rx – Tx time difference
If the SRS transmitted to all TRPs shares the same timing adjustment, it can be seen that
· The difference between UL-RTOA from two TRPs
· The average of UE Rx – Tx time difference and gNB Rx – Tx time difference (i.e., RTT) for any TRP
are not changed, but from the perspective of the entity that carries out the measurement, the L3 filtering would smoothen the change, and it is unclear whether the difference between the filtered RTOAs from two TPRs or the RTT based on the filtered UE/gNB Rx – Tx time difference for any TRP would remain unchanged. Therefore, we suggest to support L1-measurement without L3 filtering reporting from both UE and gNB as an option to overcome the issue related to the TA command.
Proposal 17: To address the TA update related to SRS transmission, support L1-measurement reporting (non-filtered measurements) from both UE and gNB.
gNB procedures to support NR positioning measurements
Reference time of the measuring cell 
In LTE UTDOA, the serving eNB configures the SRS for the UE and provides the E-SMLC with the SRS configuration. The E-SMLC sends the SRS configuration to LMUs that are the UL RTOA measurement entities. To provide a unified time reference to LMUs, the serving eNB further sends its SFN initialization time with respect to an absolute time reference to E-SMLC (see Table 1 from [8]). The E-SMLC then provides LMUs with an UL RTOA reference time that is defined with respect to the SFN initialization time of the serving eNB (see Table 2 from [11]). The UL RTOA reference time along with a configured measurement window makes it possible for LMU to locate the transmitted SRS in time domain and measure the UL RTOA and report it back to E-SMLC. 
[bookmark: _Ref7539560]Table 1: SFN Initialization Time as a part of UL configuration sent from eNB to E-SMLC in LTE UL-based positioning [8].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	>SFN Initialisation Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.



[bookmark: _Ref7540277]Table 2: UL RTOA Reference Time as a part of UL RTOA Measurement Configuration to convey the UL RTOA measurement parameters from E-SMLC to the LMU in LTE UL-based positioning [11].
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UL RTOA Reference Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January  1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second. This IE is defined in reference to the SFN initialization time, TS 36.455 [4].



Note that for LTE positioning, the UL RTOA reference time that is provided to LMUs is different from the SFN initialization time and the LMUs are unaware of the SFN initialization time of the serving eNB.
Similar to LTE positioning, an accurate UL RTOA reference time needs to be available at the neighbouring cells that are tasked to measure SRS.  In our view, the LMF should directly send the SFN initialization time of the serving cell to these neighbouring cells:
1) The UL RTOA reference time can be locally derived at neighbouring cells using the SFN initialization time of the serving cell and the SRS periodicity and offset available in the SRS configuration. 
2) In the case of timing misalignment between the serving and neighbouring cells, the SFN initialization time of the serving cell along with the SRS periodicity and offset in the SRS configuration available at the neighbouring cells can be used to obtain the following quantities that are necessary to detect the SRS:
a. The exact timing of the SRS slot.
b. The sequence group number u and the sequence number within a group v when the higher layer parameter groupOrSequenceHopping is equal to groupHopping or sequenceHopping. 
Note that u and v should be known to obtain the SRS sequence root. When groupOrSequenceHopping is equal to  groupHopping, u depends on the SRS symbol index within the radio frame and when groupOrSequenceHopping is equal to sequenceHopping, v depends on the SRS symbol index within the radio frame. SRS symbol index within the radio frame can be derived from the SFN initialization time of the serving cell, SRS subcarrier spacing, as well as the SRS periodicity and offset that are given in the SRS configuration. 
c. SRS frequency hopping pattern when frequency hopping is enabled. 
Note that SRS frequency hopping pattern depends on the number of slots that carry SRS after the SFN initialization time.
Based on the above discussion, we propose the following:
Proposal 18: SFN initialization time of the serving cell is provided to the neighbouring cells as a reference time for SRS detection and UL-RTOA measurement. 
Beam and QCL reporting
In order to accomplish coarse angle estimation associated with beam reporting and configure the QCL source RS of DL PRS, LMF should request and each gNB should provide the angle information and QCL configuration respectively in NRPPa messages. The detailed discussion is included in our companion contribution [8].
Therefore, we have the following proposal.
Proposal 19: Support LMF to request and gNB to provide the angle information and QCL information associated with DL-PRS, in the respective NRPPa messages.
· Send an LS to RAN3.

Conclusion
In this contribution, we discussed the physical layer procedure for UE and gNB in NR positioning. We have the following observations and proposals.
Observation 1: LTE way of indicating RSTD search window may not work well since there is no clear definition of first PRS configuration for a TRP, and PRS resources are transmitted in a beam sweeping manner.
Observation 2: Either SFN initialization time or SFN initialization time difference can be used to indicate the receive window position. 
Observation 3: To use the expected RSTD or SFN initialization time difference, another reference with unclear relationship with the reference agreed for RSTD measurement should be explicitly indicated in the assistance data. 
Proposal 1: In order to determine PRS receive window, support modified Option 2.
· Provide the SFN initialization time and expected propagation delay together with uncertainty (search window) to the UE for the TRPs in the assistance data.
· Note that UE is expected to derive the transmission time difference and expected propagation delay difference based on the information.
Proposal 2: Support the following QCL indication for DL PRS
· QCL-TypeC with SSB
· QCL-TypeA with CSI-RS
· QCL-TypeA with DL PRS
Proposal 3: Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS, and it is up to UE to associate it to the SSB and CSI-RS configured for RRM, respectively.
· For SSB, the indication includes
· SSB frequency
· SSB subcarrier spacing
· SSB periodicity, including 5ms offset
· SSB index
· For CSI-RS, the indication includes
· CSI-RS frequency, e.g., Point A
· CSI-RS subcarrier spacing
· CSI-RS bandwidth
· CSI-RS density
· CSI-RS periodicity and offset
· CSI-RS RE mapping within a RB
· CSI-RS symbol
· CSI-RS sequence scrambling ID
· For DL PRS, the QCL relation can be implicitly assumed across multiple PRS resource sets from the same TRP, e.g., PRS resources with the same ID across multiple PRS resource sets in one TRP are implicitly assumed QCLed.
Proposal 4: Support the reported PRS-RSRP to be measured by the same Rx beam on the same Rx branch if 
· PRS configuration is provided for DAoD, or
· Measurement reporting is provided for DAoD.
Proposal 5: The fixed Rx beam for a TRP should be selected that maximize the RSRP or the power of the first path 
· For a reference PRS resource if provided, or
· Across all PRS resources.
Proposal 6:  For positioning purposes, in addition to SSB, support configuring CSI-RS and DL-PRS from the serving and the neighbouring cells as a spatialRelationInfo RS.
· Send this agreement in an LS to RAN2. 
Proposal 7: spatialRelationInfo RS is configured in RRC and the spatialRelationInfo RS configuration at least includes the DL reference signal (SSB, CSI-RS, or DL-PRS) resource ID and the Cell ID of the transmitting serving/neighbouring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a spatialRelationInfo RS. 
· Send this agreement in an LS to RAN2. 
Proposal 8: If a spatialRelationInfo RS is configured but not detected, UE uses the following as a substitute spatialRelationInfo RS: 
· If the cell that transmits the spatialRelationInfo RS is a serving cell, the substitute spatialRelationInfo RS is the SSB used to obtain MIB.
· If the cell that transmits the spatialRelationInfo RS is a neighbouring cell, the substitute spatialRelationInfo RS is the detected SSB from that cell with the highest RSRP. 
Proposal 9: For positioning purposes, support configuring CSI-RS from the serving and neighbouring cells as a pathlossReferenceRS.
· Send this agreement in an LS to RAN2. 
Proposal 10: pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB, CSI-RS, DL-PRS) resource ID and the Cell ID of the transmitting serving/neighbouring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a pathlossReferenceRS. 
· Send this agreement in an LS to RAN2. 
Proposal 11: If a pathlossReferenceRS is not configured or is configured but not detected, UE uses the following detected SSB from the target cell as the pathlossReferenceRS: 
· If the target cell is a serving cell, the substitute pathlossReferenceRS is the SSB used to obtain MIB (Rel. 15 behaviour).
· If the target cell is a neighbouring cell, the substitute pathlossReferenceRS is the SSB with the highest RSRP. 
Proposal 12: Increase the maximum number of configured SRS resource sets in a BWP from 16 to N>= 32.
· FFS: N
Proposal 13: For positioning purposes, support configuring a binary field to enable/disable the closed loop SRS power control mechanism indicated by PowerControlAdjustmentStates.
· FFS: Binary indicator is configured in DCI or RRC. 
Proposal 14: For positioning purposes, when the closed loop SRS power control is enabled and the target cell of SRS is a neighbouring cell, PowerControlAdjustmentStates is set to separateClosedLoop.
Proposal 15: Positioning SRS frame timing is based on the serving cell timing.
Proposal 16: For SRS TA adjustment, whether to support Option 2 is up to RAN4.
Proposal 17: To address the TA update related to SRS transmission, support L1-measurement reporting (non-filtered measurements) from both UE and gNB.
Proposal 18: SFN initialization time of the serving cell is provided to the neighbouring cells as a reference time for SRS detection and UL-RTOA measurement. 
Proposal 19: Support LMF to request and gNB to provide the angle information and QCL information associated with DL-PRS, in the respective NRPPa messages.
· Send an LS to RAN3.
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