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1. Introduction
This is a revision of R1-1909281. In the last meeting (RAN1#97, Reno), the following agreements were made related to procedures for positioning:

Agreement:
For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs (Option 2 in the related Agreement from RAN1 #96-Bis).
· Note: The UE has flexibility to measure only on a part of the DL PRS configured bandwidth as long as measurement requirements are met.

Agreement:
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 neighboring 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.

Agreement:
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:
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)

2. [bookmark: _Hlk534972245]Procedures related to DL Beam Management 
Beam management/training/alignment has been extensively discussed in NR Rel-15 in both MIMO and Mobilitiy (RLM/RRM) sessions. For L1-RSRP measurement in NR Rel-15, we find the following main design aspects:
· A CSI-RS resource spans one symbol and contains 1 port with a comb-12 or comb-4 pattern
· Each CSI-RS resource set contains up to 64 CSI-RS resources
· A CSI-RS resource setting contains up to 16 CSI-RS resource sets
· The total number of different CSI-RS resources over all resource sets is no more than 128. 
· A CSI-RS resource set can be tagged as “Repetition = ON” which defines whether UE can assume that the CSI-RS resources within the NZP CSI-RS Resource Set are transmitted with the same downlink spatial domain transmission filter or not.
For L3-RSRP measurement in NR Rel-15, we find the following main design aspects:
· A CSI-RS resource for RRM spans one symbol and contains 1 port with a comb-12 or comb-4 pattern
· Each CSI-RS for RRM is associated with a cell-ID
· An SSB ID from the cell transmitting the CSI-RS can be configured as a QCL reference for each CSI-RS for RRM measurements
· Up to 96 CSI-RS resources for RRM can be configured to a UE

For L3-RSRP measurement, the CSI-RS for RRM can be configured to be QCLed with an SSB from the neighboring cell, and in this case, the UE is expected to use the same Rx beam as that used for the SSB. On the other hand, for L1-RSRP measurement, the CSI-RS resource set can be configured with multiple CSI-RS resources with “Repetition = ON” to perform Rx beam sweeping as needed. 
For NR positioning, note that the UE is required to perform relatively fine Rx beam tuning since it is required to identify the earliest path, and not just the strongest path. To do so, the reference signal used for Rx beam tuning should have good hearability and this is what the DL PRS is expected to be designed for. For this reason, a more robust and effective PRS design would be to introduce the concept of “Repetition = ON” across PRS resources belonging on the same PRS resource set (similar to legacy NR Rel-15 CSI-RS for L1-RSRP measurements). In previous meeting, the following agreement was achieved regarding this topic:
	Agreement:
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 neighboring 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.



We consider option 3 to be a special case of option 1 based on the following rationale: Consider the case of 2 PRS resource sets, each one having 1 PRS resource. Then, the first PRS resource in the first PRS resource set could be configured with the spatial QCL source of some other signal, e.g., an SSB, and the PRS resource in the second set could have as a reference the PRS resource of the first set. This way, the spatial QCL of both the PRS resources of different sets is the same. 
Based on the above we make the following proposals:
[bookmark: _Hlk15573984][bookmark: _Hlk4766352]Proposal 1: For positioning purposes, and as far as RAN1 is concerned, to assist UE to perform Rx beamforming support Option 3 can be achieved with Option 1. Further specification impacts and/or performance requirements can be further discussed in RAN4.

[bookmark: _Hlk4765648]Since the UE may perform several measurements to derive one report (e.g., measures multiple Tx/Rx beam pairs to estimate which one results to the earliest path), it may be helpful to include in the report additional information indicating which beam was used for deriving a report. In such a scenario, joint timing & Angle-based methods can be employed (as/if needed) by the location server. Furthermore, such a report from the UE could help the gNB with on-demand PRS transmission on the most appropriate beam, and reduction of PRS overhead. 
3. QCL Information
	Agreement:
DL PRS Resource is described by at least the following parameters
…
· Quasi-colocation information (QCL with other DL reference signals)
· FFS QCL type and source reference signals



With respect to the QCL information, it would be helpful for the UE to be provided a reference signal, whenever possible, which can be used to derive information related to the average delay, or doppler shift, or Rx beam information, in order to perform more effective PRS processing. This could be the case for PRS resources transmitted from both serving and neighboring TRPs, even though it is well known that measuring reference signals from a neighboring TRPs, unless they are protected (e.g.., see muting of PRS resources) would result to noisy measurements. There is already precedence of providing a neighboring SSB as a QCL source for timing and Rx beamforming for CSIRS for mobility transmitted from neighboring TRPs. The following considerations need to be made:
· With regards to QCL-TypeD, if a UE has acquired a Rx beam towards an DL reference signal from serving or neighboring gNB, it would be essential from beam management perspective, to have the option to configure the UE to receive another DL PRS resource with the same Rx beam, especially when the reference signals which are used as QCL source would already by transmitted by the network. Such cases are SSB and CSI-RS for tracking purposes. 
· Furthermore, even though PRS resources are transmited for the UE to acquire a very precise estimate of the TOA, it would be a more robust design, if the UE can also be provided with a QCL reference which can be used to derive some of the large scale parameters, such as:
· ‘average delay’: The UE could measure the source of the PRS resource to derive a crude estimate of where to place the FFT window, or approximately where to look for the main TOA when the PRS resource is received.
· ‘delay spread’: The UE could measure the source of the PRS resource to derive a rough estimate of the multipath environment. This would help to create an optimized window inside which the UE should search for the first arrival path.
· ‘Doppler shift’, ‘Doppler spread’: If the UE identifies that it is in a high mobility state, it may choose to coherently combine fewer PRS symbols to avoid degradation from phase mismatches across time.
· Note that all such QCL sources would be up to the UE implementation to be actually exploited in the PRS processing, and the specification should not mandate the UE to use them. 
· With regards to which DL reference signals should be used, it is evident that an it should be signals that the network already transmits regularly (so that there is no additional overhead needed). These are the SSBs and the PRS resources which may already be configured (note that it has already been agreed to support the option of a PRS being the source of another PRS resource for QCL Type-D, so configuring also an additional QCL Type would come without overhead).
Based on the above considerations, we make the following proposals:
[bookmark: _Hlk16843037]Proposal 2:	With regards to QCL Type-D relation of a DL PRS resource, support QCL Type-D from the following DL reference signals from a serving or neighboring TRP: An SSB, a PRS resource.

Proposal 3:	With regards to QCL relations beyond Type-D of a DL PRS resource, 
· support the following options from a serving or neighbouring TRP:
· From an SSB
· 'QCL-TypeC': {Doppler shift, average delay} 
· From a DL PRS resource
· 'QCL-TypeC': {Doppler shift, average delay} 
· 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
· Note: If the reference resource is 1 symbol, then doppler parameters may not be inferred from the source RS

Note that the fact that a QCT-TypeC or TypeA reference resource may be provided should not substitute the usefulness of providing with the expectedRSTD and expectedRSTD-uncertainty in the assistance data, similar to LTE. The latter is significantly more robust compared to the case of measuring a reference resource from a neighboring TRP. Recall that in LTE, the expectedRSTD and the expectedRSTD-uncertainty fields in the assistance data are mandatory, and this should not change in NR. 

[image: ]

[bookmark: _Hlk16843041]Proposal 4: The UE shall expect expectedRSTD and expectedRSTD-uncertainty assistance data to be provided (i.e., mandatory fields, similar to LTE) even when a QCl Type-C/A source is configured.
4. Procedures related to UL Beam Management
[bookmark: _Hlk4766379]The following agreement was achieved in previous meeting with regards to UL Beam management/alignment:
	Agreement:
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)



UL PRS may be transmitted through a quasi-omni-directional antenna on the UE side, but a UE could also apply beam-sweeping on narrower beams for increased EIRP.  UL PRS may also be received on a wide beam at a gNB, but a gNB may also use a sweep of more narrow beams for improved received signal quality.  While either UE TX beam sweeps or gNB RX beam sweeps could be performed independently, there could be an option to utilize both features for UEs which do not beam correspondence.  Unlike regular camping operations, such beam-pairing could be done between each UE and a set of gNBs. Based on the above discussion, the specification could support both Option 1 and Option 2. 
With regards to Option 3, it can be supported by just allowing the spatial Relation Info of an SRS resource to be another SRS resource. Such a feature is already supported in NR Rel-15. There is no need to specify any additional procedures on how the fixed beam is chosen except what is entailed by Option 1 and 2. 
[bookmark: _Hlk15574003]Proposal 5:	For positioning purposes, and as far as RAN1 is concerned, for UL Beam management/alignment towards serving and neighbouring cells Option 3 can be achieved with Option 1. Further specification impacts and/or performance requirements can be further discussed in RAN4.
· The Reference DL RS that can be used include at least SSB, DL-PRS.
5. UL timing advance Considerations
5.1. Timing advance (TA) adjustment for non-serving cell
The following agreement was made previous meeting with regards to UL Tx timing advance: 
	Agreement:
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 neighboring 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 neighboring cell. The adjustment value is provided by the network to the UE.



There have been some arguments that configuring the UE with multiple TA would decrease the interference at the gNB reception points. It should be noted that even in DL, the UE receives multiple PRS from far-apart gNBs, where no timing adjustment exists. The UE is expected to be capable of receiving and processing all the gNBs. Furthermore, on the UL, the network has control on the frame structure, the number of UL SRS to transmit, any required gap between SRS tranmsissions, and therefore, the network may control by implementation the interference level received in each OFDM symbol. Finally, it should be noted that a similar discussion occurred recently in the CLI session, in which case the recipient of the SRS transmission is not the serving cell, but some other UE. In this case again, the understanding was that there is no need of a separate TA configuration. 
[image: ]
[bookmark: _Hlk15574010]Proposal 6:  For positioning purposes, with regards to the UL SRS transmission timing, support only 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)
5.2. [bookmark: _Hlk4766392]UL Tx Power
The following agreement was made previous meeting with regards to UL Tx power: 
	Agreement:
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.



Controlling the SRS transmission power to enhance the positioning procedure would be beneficial for both UTDOA and RTT procedures. It could help reduce the interference level of the SRS and control the near-far problem whenever it exists. Such Tx power adjustments could happen with the open loop control approach where the path loss used in the power control formula is determined by measuring a configured reference signal (either from serving or neighboring cell). With regards to closed loop power control, it is not evident how would that work considering the high latency between serving and neighboring cells. 
[bookmark: _Hlk15574071][bookmark: _Hlk14778538][bookmark: _Hlk16497363]Proposal 7:  For positioning purposes, with regards to the UL SRS transmission power, there is no obvious need to define a fallback procedure when a UE is not able to obtain the pathloss reference.

With regards to the number of measurements for pathloss, the following constraint exists in the NR Rel-15 specification: 

[image: cid:image001.jpg@01D5581F.5F3C1060]

Note that even though the specification allows for each SRS resource set a separate pathlossRefernece configuration, and also allows for up to 16 SRS resource sets, there is a constraint of up to 4 pathloss referneces that the UE can simoultaneously maintain. This constraint could be increased for the purpose of a UE supporting SRS for positioning. Specifically we make the following proposal:

Proposal 8:  For positioning purposes, and with regards to the maximum number of simultaneously maintained pathloss references, introduce a separate UE-capability-depedent budget for pathloss references used for SRS resource sets for positioning.

Proposal 9: For positioning purposes, with regards to the pathloss reference, allow configuration of an SSB or a DL PRS. 
5.3. Conclusion 
In this contribution, we make the following proposals:
Proposal 1: For positioning purposes, and as far as RAN1 is concerned, to assist UE to perform Rx beamforming support Option 3 can be achieved with Option 1. Further specification impacts and/or performance requirements can be further discussed in RAN4.

Proposal 2:	With regards to QCL Type-D relation of a DL PRS resource, support QCL Type-D from the following DL reference signals from a serving or neighboring TRP: An SSB, a PRS resource.

Proposal 3:	With regards to QCL relations beyond Type-D of a DL PRS resource, 
· support the following options from a serving or neighbouring TRP:
· From an SSB
· 'QCL-TypeC': {Doppler shift, average delay} 
· From a DL PRS resource
· 'QCL-TypeC': {Doppler shift, average delay} 
· 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
· Note: If the reference resource is 1 symbol, then doppler parameters may not be inferred from the source RS

Proposal 4: The UE shall expect expectedRSTD and expectedRSTD-uncertainty assistance data to be provided (i.e., mandatory fields, similar to LTE) even when a QCl Type-C/A source is configured.

Proposal 5:	For positioning purposes, and as far as RAN1 is concerned, for UL Beam management/alignment towards serving and neighbouring cells Option 3 can be achieved with Option 1. Further specification impacts and/or performance requirements can be further discussed in RAN4.
· The Reference DL RS that can be used include at least SSB, DL-PRS.

Proposal 6:  For positioning purposes, with regards to the UL SRS transmission timing, support only 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)

Proposal 7:  For positioning purposes, with regards to the UL SRS transmission power, there is no obvious need to define a fallback procedure when a UE is not able to obtain the pathloss reference.

Proposal 8:  For positioning purposes, and with regards to the maximum number of simultaneously maintained pathloss references, introduce a separate UE-capability-depedent budget for pathloss references used for SRS resource sets for positioning.

Proposal 9: For positioning purposes, with regards to the pathloss reference, allow configuration of an SSB or a DL PRS. 
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