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[bookmark: _Ref129681832]In RAN1#98bis [1], in physical layer procedure for NR positioning, we made progress on
· UE PRS Rx timing indication
· UE PRS Rx beam indication
· UE SRS Tx beam indication
· UE SRS Tx power control indication
· UE SRS Tx bandwidth with bandwidth part
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
It was agreed that DL-PRS receive window configuration is given in a similar way to LTE, i.e., via expected RSTD and expected RSTD uncertainty, and we agree that reference used to generate the search window of PRS from a TRP (different from the TRP where the reference is configured) is reused from reference used for RSTD reporting, i.e., DL-PRS-RstdReferenceInfo.
In addition, for the purpose of slot or frame numbering, the transmission time difference between the FFS serving TRP, or serving cell, or etc. and a target TRP where UE is attempting to receive PRS is provided by DL-PRS-SFN0-Offset, as in the following agreement.
	· A higher layer parameter, DL-PRS-SFN0-Offset, is configured
· Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of FFS for RAN2 WG 1) serving TRP or 2) serving cell 3) etc.
· FFS values



In our view, this should be defined by RAN1. Note that we already have DL-PRS-RstdReferenceInfo that is potentially used as the reference similar to the assistance reference cell in LTE. The reference can be easily extended to the reference used with DL-PRS-SFN-Offset.
Proposal 1: DL-PRS-SFN0-Offset is defined as the time offset of the SFN0 slot 0 for a given TRP with respect to SFN0 slot 0 for the TRP, from which the PRS resource(s)/resource set defined by DL-PRS-RstdReferenceInfo are transmitted.
· The parameter should be provided per TRP, similar to the ID. FFS how TRP are captured in RAN2.
Observation 1: For the sake of the simplicity, the TRP, from which the PRS resource(s)/resource set defined by DL-PRS-RstdReferenceInfo are transmitted, can be called reference TRP.
· Note: It is similar to what we called “assistance data reference cell” in LTE.
Then we would like to clarify the following UE behavior using the parameter.
DL-PRS-SFN0-Offset is different from the following two fields defined for LTE PRS.
	slotNumberOffset
This field specifies the slot number offset at the transmitter between this cell and the assistance data reference cell.
The slotNumberOffset together with the current slot number of the assistance data reference cell may be used to calculate the current slot number of this cell which may further be used to generate the CRS sequence by the target device. The offset corresponds to the number of full slots counted from the beginning of a radio frame of the assistance data reference cell to the beginning of the closest subsequent radio frame of this cell. If this field is absent, the slot timing is the same as for the assistance data reference cell.

	prs-SubframeOffset
This field specifies the offset between the first PRS subframe of the first PRS occasion group of the first PRS configuration in the assistance data reference cell on the reference carrier frequency layer and the first PRS subframe in the closest subsequent PRS occasion group of the PRS configuration with the longest PRS occasion group periodicity (NOTE 1) of this cell on the other carrier frequency layer. The value is given in number of full sub-frames.  If the EARFCN is not the same as for the assistance data reference cell and the field is not present but PRS are available on this cell, the receiver shall consider the PRS subframe offset for this cell to be 0.



First of all, slotNumberOffset is only used to indicate the transmission time difference, so that UE can use the information to generate the CRS sequence. As shown in Figure 1, there are 4 slots offset between the reference cell and a neighbour cell, with which information, UE may be aware of the CRS sequence of the neighbour cell.
Second, prsSubframeOffset is only used to indicate the actual receive time difference of an inter-frequency neighbour cell. It is omitted for the neighbour cell on the same frequency of the reference cell, since in this case PRS from both cells should be overlapping with maximum offset of a half subframe. Using prsSubframeOffset along with the Expected RSTD, UE knows the PRS search window.
Observation 2: In LTE, slotNumberOffset is only used for deriving CRS sequence, and prsSubframeOffset is only used for deriving the PRS receive time difference for a neighbour cell on a different frequency from the reference cell.
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[bookmark: _Ref23254812]Figure 1 Illustration of LTE slotNumberOffset and prsSubframeOffset (For simplicity, the propagation delay is not shown in the figure)
In NR, we follow a different approach, as shown in Figure 2. Using DL-PRS-SFN0-Offset, and DL-PRS-ResourceSetSlotOffset, UE can calculate the transmission time difference of the starting slot of a PRS resource set, with expected RSTD to further take into account the propagation time difference to refine the Rx search window. However, the expected RSTD should be given within -0.5ms – 0.5ms and additional subframe-level offset is resolved by the transmission time difference assuming the propagation delay is within a reasonable range.
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[bookmark: _Ref23268307]Figure 2 Illustration of NR PRS timing indication (For simplicity, the propagation delay is not shown in the figure)
We use Table 1 to illustrate how the subframe offset are derived, in which case the Rx time offset between the subframe containing the starting slot of a TRP and that of the reference TRP, is 11+20*k subframes.
[bookmark: _Ref23269487]Table 1 Illustration of deriving subframe time offset using NR method
	
	Reference TRP
	A neighbouring TRP

	SFN0-Offset
	N/A
	30000 us (30ms)

	PRS numerology
	30kHz
	30kHz

	PRS periodicity
	40 slots (20ms)
	40 slots (20ms)

	DL-PRS-ResourceSetSlotOffset
	5
	6

	DL-PRS-ResourceSet transmit time difference
	N/A
	30 + (6/2-floor(5/2))*1 + 20*k = 31 + 20*k (equivalent to 31 + 20*k) (ms)

	ExpectedRSTD
	N/A
	0.2ms

	Rx time subframe offset
	N/A
	round(11 + 20*k – 0.2) = 11 + 20*k

	Actually Rx time offset with respect the starting slot of the PRS resource set
	N/A
	0.2 + 11 + 20*k



Observation 3: In NR, DL-PRS-SFN0-Offset, together with DL-PRS-ResourceSetSlotOffset can identify the transmission time difference between the starting slot of the PRS resource set from two TRPs, which also provides the subframe level offset to be jointly used with expected RSTD to form the PRS search window.
In case only a subset of PRS resources in the PRS resource set are provided to the UE, both DL-PRS-SFN0-Offset and expectedRSTD are not changed. For example, in the example shown in Figure 3, configuration type 1 (full assistance data) and configuration type 2 (selected assistance data) should have the same DL-PRS-SFN0-Offset and DL-PRS-ResourceSetSlotOffset.
In the discussion above, the only assumption is UE receiving PRS, regardless of whether the measurement is RSTD, RSRP, or UE Rx – Tx time difference, which suggests that the following parameters should be provided with PRS for all positioning techniques that may use PRS.
· DL-PRS-SFN0-Offset
· DL-PRS-RstdReferenceInfo
· expectedRSTD
· expectedRSTD-Uncertainty
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[bookmark: _Ref23270229]Figure 3 Two types of configurations with the same DL-PRS-ResourceSetSlotOffset and expectedRSTD
Observation 4: Clarify that if only a part of PRS resources are configured to the UE, DL-PRS-SFN0-Offset and expectedRSTD should be the same as full PRS resources configuration.
Proposal 2: the following parameters should be provided with PRS for all positioning techniques that may use PRS
· DL-PRS-SFN0-Offset
· DL-PRS-RstdReferenceInfo
· expectedRSTD
· expectedRSTD-Uncertainty

DL PRS QCL source configuration
We think that all CSI-RS should be supported, because
· CSI-RS based mobility is suited for an SCell in FR2, where there is no SSB to reduce overhead. Supporting PRS QCLed with CSI-RS can further exploit the UE RRM measurement if UE supports CSI-RS based mobility.
Proposal 3: Support CSI-RS for RRM as the QCL source of PRS, with the QCL-type being QCL-TypeA or TypeC + TypeD (if applicable).
To configure the source RS as SSB, LPP should provide the following information, including
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)
To configure the source RS as CSI-RS, LPP should provide the following information, including
· CSI-RS frequency, e.g., Point A (TRP-specific)
· CSI-RS subcarrier spacing (TRP-specific)
· CSI-RS bandwidth (TRP-specific)
· CSI-RS density (TRP-specific)
· CSI-RS periodicity (TRP-specific)
· CSI-RS offset (PRS resource specific)
· CSI-RS RE mapping within a RB (PRS resource specific)
· CSI-RS symbol (PRS resource specific)
· CSI-RS sequence scrambling ID (PRS resource specific)
To configure the source RS as PRS, LPP only needs to associate two or more PRS resource sets in the assistance data. The QCL relation can be implicitly assumed across multiple PRS resource sets, as shown in Figure 4, which is the typical use case for configuring multiple PRS resource sets per TRP. 
Specifically, for the multiple PRS resources sets in one TRP, the PRS resources with the same ID in each PRS resource set can be implicitly assumed QCLed. In this way, configuration data in LPP could be effectively saved.
PRS with small bandwidth and small period
PRS with large bandwidth and large period

[bookmark: _Ref23271569]Figure 4 Illustration of two PRS resource sets each with a different BW and period
Therefore, we have the following proposal.
Proposal 4: 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
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)
· For CSI-RS, the indication includes
· CSI-RS frequency, e.g., Point A (TRP-specific)
· CSI-RS subcarrier spacing (TRP-specific)
· CSI-RS bandwidth (TRP-specific)
· CSI-RS density (TRP-specific)
· CSI-RS periodicity (TRP-specific)
· CSI-RS offset (PRS resource specific)
· CSI-RS RE mapping within a RB (PRS resource specific)
· CSI-RS symbol (PRS resource specific)
· CSI-RS sequence scrambling ID (PRS resource specific)
· 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 should use a fixed Rx beam to receive DL PRS resources from a TRP. In RAN1#98b, there was some concern regarding UE keeping the same Rx beam for non-consecutive slots, which is reasonable. To overcome this, UE may indicate along with the RSRP report whether it uses the same Rx beam [and the same Rx branch].
Whether the RSRP are measured in consecutive slots, it can be left for RAN4 to specify.
Proposal 5: Support the reported PRS-RSRP to be measured by the same Rx beam [on the same Rx branch] for DL-AoD and UE indicates whether the PRS-RSRPs are measured under the same Rx beam [and the same Rx branch].

UE procedure for transmitting SRS
Number of additional pathloss estimates for positioning SRS

	Agreement [1]:
· The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets can be smaller than the number of configured SRS for positioning resource sets. 
· A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
· FFS: Value of N
· There is at most one pathloss reference per SRS resource set configured.
· Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.




The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets need to be determined. Since RAN1 has agreed in RAN1 98b that the closed loop power control for positioning SRS is not supported, it makes sense that the UE maintains multiple distinct pathloss references to have a better granularity of the open loop power control. On the other hand, we acknowledge that the number of distinct pathloss references for positioning purposes cannot be excessively large due to UE complexity issues. In Rel. 15, a UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions. As SRS for positioning most likely follows the Rel. 15 SRS configuration method and is configured in RRC and per serving cell/BWP, we believe that maintaining 4 additional pathloss estimates per serving cell for positioning SRS would be a reasonable number.
Proposal 6: A UE does not expect to simultaneously maintain more than N=4 additional pathloss estimates per serving cell for positioning SRS. 

Remaining issues regarding pathlossReferenceRS and spatialRelationInfo RS for SRS
	Agreement [1]:
For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE by higher layers for each required TRP (e.g., serving and neighbours):
· If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-BlockPower.
· Note: The ss-PBCH-BlockPower is currently defined as average EPRE of the resource elements that carry secondary synchronization signals in dBm that the TRP use for SSB transmission (see TS 38.213, clause 7; range currently defined as INTEGER (-60..50)).
· If the DL reference signal to be used as DL path loss reference is a DL-PRS, provide the dl-PRS-Resource-Power.
· The dl-PRS-Resource-Power is defined as average EPRE of the resources elements that carry DL-PRS Resource signals in dBm that the TRP uses for DL-PRS Resource transmission.
· FFS: CSI-RS transmit power indication if CSI-RS is agreed as a pathloss reference.
Agreement [1]:
If a DL reference signal is to be used as pathloss reference for the purpose of SRS for positioning power control, or if a DL reference signal is to be used as spatial relation info for SRS for positioning, the following is provided to the UE by higher layers:
· If the DL RS to be used is a SSB, provide the time/frequency occupancy of the SSB.  
· If the DL RS to be used is a DL-PRS, provide the the time/frequency occupancy of the DL-PRS.
· FFS: Overhead reduction for SSB which has already been detected. 
· FFS: CSI-RS configuration if CSI-RS is agreed as a pathloss reference or spatial relation info.
Agreement [1]:
For the purpose of power control of the SRS for positioning purposes (for all positioning solutions using SRS when DL-PRS is available), support configuring a DL-PRS (in addition to SSB which has already been agreed) of a neighbouring cell to be used as DL path loss reference. 
· Note: UE support of DL-PRS as a DL pathloss reference can be discussed as part of UE capability discussions
Agreement [1]:
· For positioning purposes, for UL Beam management/alignment towards serving cell, support configuration of a spatial relation between a reference DL RS from serving cell and the target SRS for positioning. The Reference DL RS that can be used are SSB, CSI-RS (NZP-CSI-RS-ResourceId), or DL-PRS for positioning.
· For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support configuration of a spatial relation between a reference DL RS from neighbouring cells and the target SRS for positioning. The Reference DL RS that can be used are SSB or DL-PRS.
· FFS: CSI-RS for RRM as the reference DL RS
Agreement [1]:
· For each SRS resource for positioning, only a single RS resource for spatial relation can be provided per resource.
· Support configuration of a spatial relation between two SRS resources for positioning.



RRC configuration of SSB as pathlossReferenceRS or spatialRelationInfo RS
It was agreed in RAN1 98b to use SSB as a pathloss reference (i.e., pathlossReferenceRS) for the purpose of SRS for positioning power control and spatial relation info (i.e., spatialRelationInfo RS) for SRS for positioning. Note that UL-based positioning target serving or neighboring cells may send SSBs on different frequency layers. SRS configuration in RRC (SRS-Config IE) includes the configuration of multiple SRS resource sets each of which potentially targeting a different serving or neighboring cell. Therefore, configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration should be supported. 
Proposal 7: Support configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration. 
Maximum number of configured SSB frequency layers associated with each SRS resource set for positioning is N=4. 
There may not be a serving cell on an indicated SSB frequency layer or target serving and neighboring cells may not be SFN-synchronized on the indicated SSB frequency layer. Therefore, similar to the Rel. 15 RRM measurement, a SMTC window should be configured to the UE at each SSB frequency layer. Note that, even when an associated SSB is indicated for CSI-RS based RRM measurements, an SMTC window should be configured in Rel. 15 RRM. Two different SMTC windows can be configured in Rel. 15: A mandatory smtc1 which includes a duration, a periodicity, and an offset and an optional smtc2 with a configured periodicity less than the periodicity of smtc1, the same duration as that of smtc1, and an offset determined based on the offset of smtc1. List of interested target cells may also be indicated in smtc2.
For our purpose of searching for the configured SSBs as pathlossReferenceRS or spatialRelationInfo RS on each SSB frequency layer, configuring smtc1 is sufficient. UE searches for the indicated SSBs as pathlossReferenceRS or spatialRelationInfo RS within the SMTC window on each SSB frequency layer. 
In Rel. 15 RRM measurement, an additional Boolean field deriveSSB-IndexFromCell is also configured to simplify the SSB search within the SMTC window when the cells on the corresponding SSB frequency layer are SFN-synchronized. The description of this field from 38.331 is given in Table 2.  This field should also be indicated to the UE at each SSB frequency layer when configuring SSB as pathlossReferenceRS or spatialRelationInfo. 
[bookmark: _Ref23415636]Table 2: deriveSSB-IndexFromCell field description from 38.331
	deriveSSB-IndexFromCell
If this field is set to true, UE assumes SFN and frame boundary alignment across cells on the same frequency carrier as specified in TS 38.133 [14]. Hence, if the UE is configured with a serving cell for which (absoluteFrequencySSB, subcarrierSpacing) in ServingCellConfigCommon is equal to (ssbFrequency, ssbSubcarrierSpacing) in this MeasObjectNR, this field indicates whether the UE can utilize the timing of this serving cell to derive the index of SS block transmitted by neighbour cell. Otherwise, this field indicates whether the UE may use the timing of any detected cell on that target frequency to derive the SSB index of all neighbour cells on that frequency.



Finally, each SSB frequency layer is uniquely identified by an absolute ssbFrequency given by an NR-ARFCN value and an ssbSubcarrierSpacing. These fields also need to be indicated to the UE to identify each SSB frequency layer. 
Proposal 8: To facilitate UE to search for the configured SSBs as pathlossReferenceRS or spatialRelationInfo RS, following fields are indicated to the UE at each SSB frequency layer: 
ssbFrequency, 
ssbSubcarrierSpacing, 
smtc1, 
deriveSSB-IndexFromCell.
An ASN.1 example of the required fields for the SSB search is given in Table 3 where only the fields relevant to our discussion are provided. We have used a new SSB-Reference-Config IE that includes required fields on each SSB frequency layer. Based on our Proposal 4, we suggest maxNrofssb-Reference-Config to be equal to 4.   
[bookmark: _Ref23417771]Table 3: An ASN.1 example of the required fields for SSB search on multiple SSB frequency layers 
	SRS-Config ::=                          SEQUENCE {
    srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId    OPTIONAL,   -- Need N
    srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet      OPTIONAL,   -- Need N
    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId          OPTIONAL,   -- Need N
    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource            OPTIONAL,   -- Need N
    ssb-Reference-ConfigToAddModList        SEQUENCE (SIZE(1..maxNrofssb-Reference-Config)) OF SSB-Reference-Config
    ssb-Reference-ConfigToReleaseList       SEQUENCE (SIZE(1..maxNrofssb-Reference-Config)) OF SSB-Reference-ConfigId			OPTIONAL,   -- Need N
    ...
}
SSB-Reference-Config ::= SEQUENCE {
    ssb-Reference-ConfigId              SSB-Reference-ConfigId,
    ssbFrequency                        ARFCN-ValueNR,
    ssbSubcarrierSpacing                SubcarrierSpacing,
    smtc1                               SSB-MTC,
    deriveSSB-IndexFromCell             BOOLEAN
}



When SSB is configured as a pathlossReferenceRS, the UE needs to know the SSB Tx power. This is addressed in RAN1 98b by inclusion of ss-PBCH-BlockPower in the higher layer parameter list [4] where it is left to RAN2 WG to decide whether this field is indicated in DL PRS configuration or SRS for positioning configuration. We believe that indicating ss-PBCH-BlockPower in DL PRS configuration is infeasible due to the following reasons:
1) It is possible that UE is not configured with any DL PRS while being configured with SRS for positioning. In such a case, if  ss-PBCH-BlockPower is only a part of DL PRS configuration, UE cannot calculate the DL pathloss when an SSB is configured as a pathlossReferenceRS. 
2) ss-PBCH-BlockPower is not required for any DL-based positioning measurement. 
As such, we propose the following.
Proposal 9: Support indicating ss-PBCH-BlockPower in SRS for positioning RRC configuration and update the higher layer parameter list accordingly. 
The UE can uniquely identify the configured pathlossReferenceRS SSB or spatialRelationInfo SSB in SMTC windows of configured frequency layers if an index that uniquely identifies the SSB frequency layer, Physical Cell ID, and the SSB index are indicated to the UE. As such, we propose:
Proposal 10: To indicate an SSB resource as a pathlossReferenceRS or a spatialRelationInfo RS in each configured SSB frequency layer, following fields are provided to the UE in SRS for positioning RRC configuration:
An index that uniquely identifies the SSB frequency layer
SSB index
Physical Cell ID 
ss-PBCH-BlockPower (only when SSB is used as a pathlossReferenceRS)
Note that, based on our ASN.1 example in Table 3, the index uniquely identifying SSB frequency layer is provided to UE by ssb-Reference-ConfigId.  
Indication of DL PRS as pathlossReferenceRS or spatialRelationInfo RS in RRC
It was agreed in RAN1 98b to use DL PRS as a pathlossReferenceRS for the purpose of SRS for positioning power control for all positioning solutions using SRS when DL PRS is available. It was also agreed that for the purpose of UL beam management/alignment towards serving and neighbouring cells, DL PRS can be used as spatial relation RS (i.e., spatialRelationInfo RS). Note that the DL PRS resources configurations on different frequency layers are provided by LPP AssistanceData. In SRS for positioning RRC configuration, it is only required to provide UE with the fields that uniquely identify the reference pathlossReferenceRS PRS or spatialRelationInfo PRS. 
The following agreement has reached in RAN1 98b that is related to the above discussion:
	Agreement [1]:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID



In our companion contribution [2], we have proposed to support a DL-PRSConfig IE that represents a TRP in the hierarchical level between positioning frequency layer and the PRS resource set. The ID DL-PRSConfig along with the DL PRS Resource Set ID and a DL PRS Resources ID uniquely identify the reference pathlossReferenceRS PRS or spatialRelationInfo PRS. Therefore, we propose the following:
Proposal 11: To indicate DL PRS as a pathlossReferenceRS or a spatialRelationInfo RS, following fields are provided to the UE:
DL-PRSConfigId,
PRS resource set index,
PRS resource index.
Indication of SRS as spatialRelationInfo RS in RRC
It was agreed in RAN1 98b to support configuration of a spatial relation between two SRS resources for positioning. The main intention of this agreement was to indicate to the UE to use the same Tx beamforming for all positioning SRS resources in a positioning SRS resource set and facilitate Rx beamforming at the network side.  Note that the reference spatialRelationInfo SRS of the positioning SRS resources in one resource set does not necessarily need to be another positioning SRS resource in the same resource set. It should be possible to use a positioning SRS resource or a Rel. 15 SRS resource in a BWP as the reference spatialRelationInfo SRS for the positioning SRS resources in a positioning SRS resource set configured in another BWP or another serving cell. The agreement in RAN1 98b is not clear about this issue and we suggest to clarify this in RAN1 99. Note that exactly the same flexibility is supported in Rel. 15 SRS configuration wherein an SRS resource from any BWP of any serving cell can be indicated as the spatialRelationInfo RS of an SRS resource in any BWP of any other cell.  
Proposal 12: Support indicating a configured SRS resource in any BWP of any serving cell as the spatialRelationInfo RS for a SRS resource for positioning.
Similar to Rel. 15, to uniquely indicate the reference spatialRelationInfo SRS to the UE, Rel. 15 SRS resource ID or Rel. 16 positioning SRS resource ID, UL BWP ID in which the spatialRelationInfo (positioning) SRS resource is configured as well as the serving cell ID of the UL BWP should be provided to the UE. 
Proposal 13: Similar to Rel. 15, to indicate SRS as spatialRelationInfo RS, following fields are provided to the UE:
Rel. 15 SRS resource ID or Rel. 16 Positioning SRS resource ID 
UL BWP ID
Serving cell ID
Indication of NZP-CSI-RS as spatialRelationInfo RS towards a serving cell 
Similar to Rel. 15 SRS, NZP-CSI-RS resource is agreed to be used as a  spatialRelationInfo RS for positioning SRS targeting a serving cell. The same fields as in Rel. 15 can be used to indicate the reference spatialRelationInfo NZP-CSI-RS:
Proposal 14: Similar to Rel. 15, to indicate NZP-CSI-RS as spatialRelationInfo RS for positioning SRS targeting a serving cell, following fields are provided to the UE:
Serving cell ID
NZP-CSI-RS-ResourceId
Indication of NZP-CSI-RS as pathlossReferenceRS for serving cell
The use of CSI-RS as a pathlossReferenceRS for posititoning SRS is still FFS. We believe that it is natural to at least use NZP-CSI-RS as a pathlossReferenceRS for a positioning SRS that targets a serving cell. Note that we have already agreed that NZP-CSI-RS resource can be used as a spatialRelationInfo RS for positioning SRS targeting a serving cell. Moreover, NZP-CSI-RS can be used as a pathlossReferenceRS for SRS in Rel. 15. 
Proposal 15: Support indicating NZP-CSI-RS resource as pathlossReferenceRS for a serving cell. Similar to Rel. 15, provide NZP-CSI-RS-ResourceId to the UE to indicate the NZP-CSI-RS resource as pathlossReferenceRS.
Indication of CSI-RS for RRM as pathlossReferenceRS or spatialRelationInfo RS in RRC
Whether or not to support CSI-RS for RRM as a pathlossReferenceRS or spatialRelationInfo RS for positioning SRS has been discussed quite extensively over the last few meetings. If a CSI-RS resource for RRM is transmitted from a target serving or neighboring cell of the positioning SRS, indicating it as a pathlossReferenceRS or spatialRelationInfo RS to the UE does not come at any additional cost as this resource has already been configured in MeasObjectNR and detected by the UE. Moreover, CSI-RS for RRM can be the only choice for pathlossReferenceRS or spatialRelationInfo RS if the target cell of the positioning SRS in a SCell without SSB. As such, we believe RAN1 should agree to support indicating CSI-RS resource for RRM as a pathlossReferenceRS or spatialRelationInfo RS. Note also that, it was agreed in RAN1 98b that RAN1 assumes SRS for positioning is configured in RRC. If this assumption is confirmed by RAN2, it is very straightforward to use CSI-RS resources for RRM in MeasObjectNR as pathlossReferenceRS or spatialRelationInfo RS for positioning SRS since both MeasObjectNR and positioning SRS are configured in RRC. 
Proposal 16: Support configuring CSI-RS resources for RRM from the serving and neighboring cells as pathlossReferenceRS or spatialRelationInfo RS.
It is straightforward to uniquely indicate a CSI-RS resource for RRM that is configured in MeasObjectNR as a pathlossReferenceRS or a spatialRelationInfo RS in SRS for positioning configuration. Only the  Merasurement object ID that configures the CSI-RS resource for RRM, physical cell ID of the resource and CSI-RS resource for RRM index (CSI-RS-Index) are required to uniquely identify the CSI-RS resource for RRM as the source for pathlossReferenceRS and spatialRelationInfo RS.
Proposal 17: To indicate a CSI-RS resource for RRM as a pathlossReferenceRS or spatialRelationInfo RS, following fields are provided to the UE:
Measurement object ID (measObjectId)
Physical Cell ID 
CSI-RS-Index
Transmit power (only when the CSI-RS resource for RRM is used as a pathlossReferenceRS)

Summarizing Table
Table 4 includes the necessary parameters for the configuration and indication of a pathlossReferenceRS or a spatialRelationInfo RS for SRS for positioning. Related RRC parameters are included in our “updates on higher layer parameters related to SRS for positioning configuration” in our companion contribution [3].
[bookmark: _Ref23854338]Table 4: Necessary parameters for configuration and indication of a pathlossReferenceRS or a spatialRelationInfo RS for SRS for positioning
	Reference signal 
	Configuration parameters
	Configuration level
	Indicating parameters
	Indication level

	SSB for spatial relations
	- ssbFrequency
- ssbSubcarrierSpacing 
- smtc1 
- deriveSSB-IndexFromCell.

	SRS-Config (Per UL BWP)
	- An index that uniquely identifies the SSB frequency layer (e.g. ssb-Reference-ConfigId in Table 3)
- SSB index
- Physical Cell ID 

	Per SRS for positioning resource

	SSB for pathloss
	
	
	-An index that uniquely identifies the SSB frequency layer (e.g. ssb-Reference-ConfigId in Table 3)
-SSB index
-Physical Cell ID 
-ss-PBCH-BlockPower 
	Per SRS for positioning resource set

	DL PRS resource for spatial relations
	Already configured in LPP AssistanceData

	-DL-PRSConfigId (To uniquely identify TRP. See [2]),
-PRS resource set index,
-PRS resource index.
	Per SRS for positioning resource

	DL PRS resource for pathlossspatial relations
	
	DL-PRSConfigId (To uniquely identify TRP. See [2]),
-PRS resource set index,
-PRS resource index.
	Per SRS for positioning resource set

	Positioning SRS resource or Rel. 15 SRS resource  for spatial relations
	Already configured in SRS-Config in RRC

	-Rel. 15 SRS resource ID or Rel. 16 Positioning SRS resource ID 
-UL BWP ID
-Serving cell ID
	Per SRS for positioning resource

	NZP-CSI-RS resource for spatial relations (applicable when target cell is a serving cell)
	Already configured in NZP-CSI-RS-Resource in RRC

	-Serving cell ID
-NZP-CSI-RS-ResourceId
	Per SRS for positioning resource

	NZP-CSI-RS resource for pathloss (applicable when target cell is a serving cell) 
	
	-NZP-CSI-RS-ResourceId
	Per SRS for positioning resource set

	CSI-RS for RRM resource for spatial relation
	Already configured in MeasObjectNR in RRC
	-Measurement object ID (measObjectId)
-Physical Cell ID 
-CSI-RS-Index
	Per SRS for positioning resource

	CSI-RS for RRM resource for pathloss
	
	-Measurement object ID (measObjectId)
-Physical Cell ID 
-CSI-RS-Index
-Transmit power 
	Per SRS for positioning resource set



[bookmark: _Ref7445209]SRS frame timing 
For NR positioning, when the target cell of SRS is a neighbouring cell, 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 18: Positioning SRS frame timing is based on the serving cell timing.

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: For the sake of the simplicity, the TRP, from which the PRS resource(s)/resource set defined by DL-PRS-RstdReferenceInfo are transmitted, can be called reference TRP.
· Note: It is similar to what we called “assistance data reference cell” in LTE.
Observation 2: In LTE, slotNumberOffset is only used for deriving CRS sequence, and prsSubframeOffset is only used for deriving the PRS receive time difference for a neighbour cell on a different frequency from the reference cell.
Observation 3: In NR, DL-PRS-SFN0-Offset, together with DL-PRS-ResourceSetSlotOffset can identify the transmission time difference between the starting slot of the PRS resource set from two TRPs, which also provides the subframe level offset to be jointly used with expected RSTD to form the PRS search window.
Observation 4: Clarify that if only a part of PRS resources are configured to the UE, DL-PRS-SFN0-Offset and expectedRSTD should be the same as full PRS resources configuration.
Proposal 1: DL-PRS-SFN0-Offset is defined as the time offset of the SFN0 slot 0 for a given TRP with respect to SFN0 slot 0 for the TRP, from which the PRS resource(s)/resource set defined by DL-PRS-RstdReferenceInfo are transmitted.
· The parameter should be provided per TRP, similar to the ID. FFS how TRP are captured in RAN2.
Proposal 2: the following parameters should be provided with PRS for all positioning techniques that may use PRS
· DL-PRS-SFN0-Offset
· DL-PRS-RstdReferenceInfo
· expectedRSTD
· expectedRSTD-Uncertainty
Proposal 3: Support CSI-RS for RRM as the QCL source of PRS, with the QCL-type being QCL-TypeA or TypeC + TypeD (if applicable).
Proposal 4: 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
· PCI (TRP-specific)
· SSB frequency (TRP-specific)
· SSB subcarrier spacing (TRP-specific)
· SSB periodicity, including 5ms offset (TRP-specific)
· SSB index (PRS resource specific)
· For CSI-RS, the indication includes
· CSI-RS frequency, e.g., Point A (TRP-specific)
· CSI-RS subcarrier spacing (TRP-specific)
· CSI-RS bandwidth (TRP-specific)
· CSI-RS density (TRP-specific)
· CSI-RS periodicity (TRP-specific)
· CSI-RS offset (PRS resource specific)
· CSI-RS RE mapping within a RB (PRS resource specific)
· CSI-RS symbol (PRS resource specific)
· CSI-RS sequence scrambling ID (PRS resource specific)
· 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 5: Support the reported PRS-RSRP to be measured by the same Rx beam [on the same Rx branch] for DL-AoD and UE indicates whether the PRS-RSRPs are measured under the same Rx beam [and the same Rx branch].
Proposal 6: A UE does not expect to simultaneously maintain more than N=4 additional pathloss estimates per serving cell for positioning SRS. 
Proposal 7: Support configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration. 
Maximum number of configured SSB frequency layers associated with each SRS resource set for positioning is N=4. 
Proposal 8: To facilitate UE to search for the configured SSBs as pathlossReferenceRS or spatialRelationInfo RS, following fields are indicated to the UE at each SSB frequency layer: 
ssbFrequency, 
ssbSubcarrierSpacing, 
smtc1, 
deriveSSB-IndexFromCell.
Proposal 9: Support indicating ss-PBCH-BlockPower in SRS for positioning RRC configuration and update the higher layer parameter list accordingly. 
Proposal 10: To indicate an SSB resource as a pathlossReferenceRS or a spatialRelationInfo RS in each configured SSB frequency layer, following fields are provided to the UE in SRS for positioning RRC configuration:
An index that uniquely identifies the SSB frequency layer
SSB index
Physical Cell ID 
ss-PBCH-BlockPower (only when SSB is used as a pathlossReferenceRS)
Proposal 11: To indicate DL PRS as a pathlossReferenceRS or a spatialRelationInfo RS, following fields are provided to the UE:
DL-PRSConfigId,
PRS resource set index,
PRS resource index.
Proposal 12: Support indicating a configured SRS resource in any BWP of any serving cell as the spatialRelationInfo RS for a SRS resource for positioning.
Proposal 13: Similar to Rel. 15, to indicate SRS as spatialRelationInfo RS, following fields are provided to the UE:
Rel. 15 SRS resource ID or Rel. 16 Positioning SRS resource ID 
UL BWP ID
Serving cell ID
Proposal 14: Similar to Rel. 15, to indicate NZP-CSI-RS as spatialRelationInfo RS for positioning SRS targeting a serving cell, following fields are provided to the UE:
Serving cell ID
NZP-CSI-RS-ResourceId
Proposal 15: Support indicating NZP-CSI-RS resource as pathlossReferenceRS for a serving cell. Similar to Rel. 15, provide NZP-CSI-RS-ResourceId to the UE to indicate the NZP-CSI-RS resource as pathlossReferenceRS.
Proposal 16: Support configuring CSI-RS resources for RRM from the serving and neighboring cells as pathlossReferenceRS or spatialRelationInfo RS.
Proposal 17: To indicate a CSI-RS resource for RRM as a pathlossReferenceRS or spatialRelationInfo RS, following fields are provided to the UE:
Measurement object ID (measObjectId)
Physical Cell ID 
CSI-RS-Index
Transmit power (only when the CSI-RS resource for RRM is used as a pathlossReferenceRS)
Proposal 18: Positioning SRS frame timing is based on the serving cell timing.
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