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[bookmark: _Ref129681832]At RAN1#97 [3], in physical layer procedure for NR positioning, we made progress on
· UE PRS Rx beam indication
· UE PRS Rx bandwidth with bandwidth part
· UE SRS Tx beam indication
· UE SRS Tx power control indication
Other aspects also needs to be considered, including
· UE PRS Rx timing indication
· UE PRS Rx with cross-polarization
· UE SRS Tx timing adjustment
· gNB RTOA reference time indication
In this contribution, we are going to discuss the remaining issues for the above aspects.

UE procedure for receiving DL PRS
DL PRS timing
To derive the DL PRS timing, there are multiple alternatives:
· Alt. 1 (LTE baseline) Using expected RSTD/RSTD uncertainty for intra-frequency measurement, and with additional subframe offset for inter-frequency measurement
· Alt. 2 Using the SFN initialization time and expected propagation delay/delay uncertainty
· Alt. 3 Using QCL indication to another signal from the same cell
Alt.1 Expected RSTD/RSTD uncertainty
In LTE, expectedRSTD and expectedRSTD-Uncertainty were used [2] to indicate the time domain window to locate the PRS. It takes into account the transmit time difference and propagation time difference. The propagation time difference is based on the a-priori estimation of the UE location at the location server.
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Figure 1 Alt.1 Expected RSTD/RSTD uncertainty in LTE

Alt.2 SFN initialization time + Expected propagation delay/delay uncertainty
In this alternative, the SFN initialization time of each cell is provided to the UE. UE can derive the PRS transmission timing based on SFN initialization time and PRS configuration. Additional expected delay and expected delay uncertainty can be used to locate the receiving time and form the PRS search window.
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Alt.3 QCL with another DL RS
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.
Summary
As discussed in our companion paper [5], with the SFN initialization time and the configured PRS period and offset, the UE can determine the PRS transmission time within the neighbouring cell frame structure when receiving the PRS. This information can help identifying the PRS sequence generation and frequency hop if supported.
If the SFN initialization time is already available at the UE (transmission time difference already known), using the propagation time (Alt.2) has the advantage of overhead reduction over the traditional expectedRSTD (Alt.1). For example, if the maximum distance between UE and a neighbouring cell is 10km, the propagation delay is 33us, which requires fewer bits than the expected RSTD that requires using 14 bits to represent the range of ±750us.
In addition, if the SSB/CSI-RS can be detected for that cell, the UE would anyway reuse the SSB/CSI-RS to determine the PRS search window.
Based on the discussion, we have the following proposal:
Proposal 1: In order to determine PRS receive timing, the following solutions are supported:
· Network to provide SFN initialization and expected propagation delay/delay uncertainty to the UE for a neighbouring cell.
· Network to provide QCL-TypeA/QCL-TypeC indication of PRS to SSB/CSI-RS from a neighbouring cell.
DL PRS Rx beam indication
In RAN1#97 [3], we had the following agreement regarding PRS beam indication.
	Agreement [3]:
For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighbouring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.



Here, we are going to discuss the specification impact.
Option 1
For Option 1, we think that all SSB, CSI-RS, and DL PRS should be supported, because
· SSB-based mobility is mandatory for Rel-15 [9], 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].
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Figure 2 2 PRS resource sets with PRS-PRS QCL
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 2: Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS.
· FFS: Details of configuration.
To enable to configure the QCL source RS, each gNB should provide its own configuration of SSB or CSI-RS to LMF through NRPPa.
Option 2
Compared to Option 1, Option 2 is rather the UE behavior than the configuration itself, when any of the following three conditions is met.
· The QCL source RS is not provided, or 
· Only PRS is provided as the source in the assistance data, or
· The QCL source RS other than PRS is provided in the assistance data, but UE has not received the QCL source RS before, e.g., in RRM.
Then UE needs to perform Rx beam sweeping to receive either or both of the source RS and the respective DL PRS. No specification change is needed for Option 2.
Observation 1: No specification change is needed for Option 2 of PRS beam indication.
Option 3 
Option 3 is also the UE behavior, specifically for DL-AoD. If either one of the following conditions is met
· PRS configuration in DAoD-ProvideAssistanceData, or
· Measurement reporting in DAoD-ProvideLocationInformation
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 branch, including same Rx beam with the same antenna or antenna set. In terms of which Rx beam to be selected, it can be further studied.
Proposal 3: Support PRS-RSRP measured using the same Rx branch for PRS if 
· PRS configuration is provided in DAoD-ProvideAssistanceData, or
· Measurement reporting is provided in DAoD-ProvideLocationInformation.
· FFS which Rx beam to select.
2-port PRS
The motivation of introducing 2-port PRS is discussed in our companion paper [5]. To facilitate LOS determination, if the UE is configured to receive the PRS with 2 antenna ports, the UE can assume that each of the 2 ports corresponds to respective polarization of the same antenna array(s).
Proposal 4:  For a 2-port PRS resource, UE can assume that the two ports are mapped to two polarizations belonging to the same antenna array.

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 5:  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 [6], 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 6: 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 7: 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.



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 97 that a DL reference signal from a serving or a neighbouring cell can be configured as a SRS pathlossReferenceRS where the type of the DL reference signal remained as FFS. We support configuring SSB and CSI-RS from the serving and neighbouring cells as a pathlossReferenceRS at least due to the following reasons: 
1) SSB and CSI-RS from the serving cell are already used as pathlossReferenceRS for SRS in Rel. 15. Extending the use of SSB and 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 SSBs from the serving and neighbouring cells during the periodic SMTC windows and/or CSI-RS resources from the serving and neighbouring cells. The performed measurements include SS-RSRP and CSI-RSRP (RSRP measurement on CSI-RS). Note that once RSRP is calculated, obtaining the pathloss is straightforward as pathloss is given by the transmit power minus RSRP. 
Proposal 8: For positioning purposes, support configuring SSB and 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 9: pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB or CSI-RS) 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 10: 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 pathloss measurements
In RAN1 97, there was a discussion that a Rel. 15 UE can only perform four pathloss measurements. This seems to be a misinterpretation stemming from the fact that the maximum number of configured pathloss reference RSs for PUSCH and PUCCH power control is 4. 
In Rel. 15 SRS configuration, there is only one configured pathlossReferenceRS per SRS resource set and the maximum number of the configured SRS resource sets in a BWP is 16. Apart from this, there is no other restriction on the total number of the configured pathlossReferenceRSs in Rel. 15. 
Observation 2: In Rel. 15, only one pathlossReferenceRS is configured per SRS resource set and the maximum number of configured SRS resource sets  in a BWP is 16. There is no other restriction on the total number of configured pathlossReferenceRS for SRS. 
Therefore, what needs to be discussed is not the maximum number of pathlossReferenceRSs for SRS but the possibility of increasing the maximum number of configured SRS resource sets in a BWP to more than 16. 
Observation 3: No independent discussion is required for the maximum number of pathloss measurements for SRS as each SRS resource set is configured with one pathlossReferenceRS.
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. This is further discussed in our companion paper [6] where we have proposed the following.
Proposal 11: 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 12: 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 13: 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 14: Positioning SRS frame timing is based on the serving cell timing.
SRS timing adjustments
In RAN1#96b [4], regarding SRS timing adjustment, the following options were identified:
	Agreement [4]:
For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2:  The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighbouring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighbouring cell. The adjustment value is provided by the network to the UE.



Option 1
Option 1 assumes that the existing TA procedure is applied for SRS used for positioning. In the latest RAN4 discussion on RRM, UL timing adjustment related to a beam change was specified in TS 38.133 as the one shot timing adjustment [10]. As such, if the DL RS for SRS spatial relation information indication is transmitted from a neighbouring cell and the receive timing is completely different from that of the serving cell, UE behaviour is not specified.
Therefore, Option 1 is not complete in terms of specifying SRS transmission timing advance.
Option 2
In Option 2, the TA adjustment (ATA) can be determined by the UE based on the DL reception of the signals from the serving cell and the neighbouring cell. The scheme is quite similar to the one-shot timing adjustment specified in [10] with additionally taking into account the transmission timing difference between TRPs. As Figure 3 shows, two cells have a relative stable transmission time difference denoted by  and the UE measures the receive time difference between the two cells denoted by . The ATA for SRS targeting the neighbouring cell can be derived as  due to the following equation
,
where  is the propagation time between the UE and the serving cell, and  is that between the UE and the neighbouring cell. Note that the total TA towards the neighbouring cell is equal to the TA for the serving cell plus ATA. 
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[bookmark: _Ref3975238]Figure 3 Additional TA based on receiving DL RS from the serving and neighbouring cells.
Option 2 can be considered as an extended case to Option 1 with UE autonomous timing adjustment (one-shot timing adjustment) by considering also the timing difference between cells.
Observation 4: For TA enhancement, Option 2 can be regarded as an extended case to Option 1.
Option 3
The TA command is configured by the network. Compared to Option 2, UE applies resource-specific TA per network configuration based on the DL timing of the serving cell.
Summary
TA is only to ensure that the received UL SRS at the neighbouring cell is within the CP time of the intended UL symbol and, hence, its required accuracy is quite relaxed. As such, the received time at the neighbouring cell can be measured from a narrow-band DL RS such as an SSB of the neighbouring cell or a configured DL RS from the neighbouring cell that is used for pathloss or the SRS spatial domain transmission filter determination.
In our view, introducing TA adjustment can reduce the interference toward a neighbouring cell and thus improve the hearability of SRS. For UL-AoA, the transmission timing is not required to be reported. Therefore, we propose 
Proposal 15: For SRS timing adjustment, support all three options.
· FFS detailed applicability.
· FFS Option 1 and Option 2 can be merged.
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 [7]). 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 [8]). 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 [7].
	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 [8].
	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 16: SFN initialization time of the serving cell is provided to the neighbouring cells as a reference time for SRS detection and UL-RTOA measurement. 

Conclusion
Observation 1: No specification change is needed for Option 2 of PRS beam indication.
Observation 2: In Rel. 15, only one pathlossReferenceRS is configured per SRS resource set and the maximum number of configured SRS resource sets  in a BWP is 16. There is no other restriction on the total number of configured pathlossReferenceRS for SRS. 
Observation 3: No independent discussion is required for the maximum number of pathloss measurements for SRS as each SRS resource set is configured with one pathlossReferenceRS.
Observation 4: For TA enhancement, Option 2 can be regarded as an extended case to Option 1.
Proposal 1: In order to determine PRS receive timing, the following solutions are supported:
· Network to provide SFN initialization and expected propagation delay/delay uncertainty to the UE for a neighbouring cell.
· Network to provide QCL-TypeA/QCL-TypeC indication of PRS to SSB/CSI-RS from a neighbouring cell.
Proposal 2: Support configuring SSB, CSI-RS, and DL PRS as the QCL source of DL PRS.
· FFS: Details of configuration.
Proposal 3: Support PRS-RSRP measured using the same Rx branch for PRS if 
· PRS configuration is provided in DAoD-ProvideAssistanceData, or
· Measurement reporting is provided in DAoD-ProvideLocationInformation.
· FFS which Rx beam to select.
Proposal 4:  For a 2-port PRS resource, UE can assume that the two ports are mapped to two polarizations belonging to the same antenna array.
Proposal 5:  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 6: 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 7: 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 8: For positioning purposes, support configuring SSB and CSI-RS from the serving and  neighbouring cells as a pathlossReferenceRS.
· Send this agreement in an LS to RAN2.
Proposal 9: pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB or CSI-RS) 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 10: 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 11: Increase the maximum number of configured SRS resource sets in a BWP from 16 to N>= 32.
· FFS: N
Proposal 12: 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 13: 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 14: Positioning SRS frame timing is based on the serving cell timing.
Proposal 15: For SRS timing adjustment, support all three options.
· FFS detailed applicability.
· FFS Option 1 and Option 2 can be merged.
Proposal 16: SFN initialization time of the serving cell is provided to the neighbouring cells as a reference time for SRS detection and UL-RTOA measurement. 
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