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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 meeting#97, the following agreements were achieved regarding on physical-layer procedures for NR positioning [1].
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 signaling 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)
In this contribution, we present our views on DL and UL related physical-layer procedures for UE and gNB measurements.
2. UE procedures for receiving DL PRS
2.1 DL PRS bandwidth
During RAN1#97, it has been agreed that for intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured BWPs. In addition, during RAN1#96bis, it has been also agreed that the DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE. Considering the measurement gap configuration is independent of PRS configuration, when UE is expected to measure the DL PRS resource outside the active DL BWP, an RRC signalling which is transmitted from the UE to the serving gNB should be introduced for UE to request the measurement gap configuration after receiving LPP assistance data. This is similar to InterFreqRSTDMeasurementIndication introduced in LTE for UE to request measurement gap. The related time domain information to indicate the measurement gap should be included in this signalling.
Therefore, we propose
Proposal 1: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
Moreover, when not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP with the same numerology as the active DL BWP. The frequency domain occupation on common resource grid of DL PRS resource can be determined by certain starting CRB index and bandwidth. Considering that the DL PRS configuration is independent of the active DL BWP configuration. How a UE derives the PRS which the UE measures within a BWP based on the PRS bandwidth and the starting CRB index of a PRS resource should be also specified. 
The behaviour of the UE receiving PRS is similar to the behaviour of the UE receiving the CSI-RS in Rel-15. The bandwidth and starting CRB index of a PRS resource can be represented by parameters  and  respectively. And the reference point for  is CRB 0 on the common resource block grid. If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
Proposal 2: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
2.2 DL PRS beam configuration
Beam sweeping/alignment has been agreed to be supported by DL PRS [2]. Beam related information can provide spatial and angular domain information such as accurate arrival/departure angle, which in turn provides additional benefits for UE positioning measurement. In previous meeting, the following agreement was achieved regarding DL PRS beam management/alignment.
	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.


In order to support Option 1, we think beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS for beam management or SSB of the serving cell. And for DL PRS from neighbouring cells, beam configuration could refer to CSI-RS for mobility if the CSI-RS resource has been already obtained by the UE. In addition to CSI-RS for mobility, the UE may refer to the optimal beam pair of the SSB of neighboring cells considering CSI-RS for mobility is not always available. Furthermore, when DL PRS beam sweeping is performed by the serving cell or neighbouring cells, the UE may report the best DL PRS beam information of each cell to the network. Therefore, the spatial relationship can also be indicated by DL PRS especially for the cases where UE is not able to obtain SSB or CSI-RS from neighbouring cells. Based on the above we make the following proposal:
Proposal 3: The DL PRS can be configured to be QCLed Type D with a DL reference signal from a serving or neighbouring cell.
· SSB or CSI-RS or DL PRS is the DL reference signal.
[bookmark: _GoBack]In Option 2, the configuration for PRS resource is similar to the configuration for CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter ‘repetition on’. Thus, the UE behavior in Option 2 may also be refer to CSI-RS. We think it should be up to UE’s implementation on receiving DL PRS resources with different spatial domain transmission filter. 
For Option 3, LMF may configure the same DL RS QCLed with PRS resources in a PRS resource set to indicate a fixed Rx beam to receive DL PRS resources. If  LMF does not provide any indication of the receive beam, it should be up to UE’s implementation on receiving DL PRS resources with the same downlink spatial domain transmission filter.
2.3 DL PRS timing
In LTE, the RSTD value that UE is expected to measure can be indicated by expectedRSTD specified in [3]. The ‘expectedRSTD’ field takes into account the expected propagation time difference as well as transmit time difference of PRS positioning occasions between the reference cell and the other cell. If DL PRS can be configured with a QCL relation of ‘QCL-type C’ with other signals such as SSB from neighboring cells, the ‘expectedRSTD’ may be not needed which saves signalling and reduces complexity.  For example, if associated SSB of PRS is configured with ‘QCL type C’, the UE may use the timing of SSB as a reference to determine the PRS search window. Furthermore, if PRS is QCLed-D with CSI-RS for mobility from a neighbouring cell and the associated SSB of CSI-RS for mobility is applied, UE may also reference the timing of the SSB to determine the PRS search window. In addition, for neighbouring cells where QCL source RS is not available, the ‘expectedRSTD’ should be reused for assisting UE to obtain PRS search window. 
Proposal 4: DL PRS can be configured with a QCL relation of ‘QCL- type C’ with SSB.
3. UE procedures for transmitting UL PRS
In RAN1#AH1901, it was agreed that NR SRS is used as a starting point for design and analysis UL PRS. For positioning purpose, a separate SRS resource set may need to be introduced for positioning only which is different from other SRS functionalities for data communication such as beam management, codebook based or non-codebook based transmission or antenna switching. SRS for positioning may have different physical procedure and configuration compared to current SRS usage. 
3.1 UL SRS transmission timing for positioning
For UL SRS transmission timing, the following agreement was reached at RAN1#96bis,
	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.


Time Advance (TA) is used especially for UEs far away from the serving gNB so that the uplink signal can be received within the scope of CP so that it will not affect the reception of other uplink signals. SRS for positioning should be measured at neighbouring gNBs so that RTOA can be obtained on network side. The simplest way is to configure TA based on the serving cell which has no change to current specification. 
There were other proposals to support UE adjust TA intended for neighbouring cells. Option 2 and Option 3 are proposed for SRS transmission timing for positioning purpose. The common thing about these proposals in that the configured TA can be adjusted by the UE for the purpose of transmitting UL SRS intended to a neighbouring cell. The difference of Option 2 and Option 3 is simply where the adjustment value is provided by the UE (Option 2) or by the network (Option 3).
However, there is a big concern regarding both Option 2 and Option 3 in the sense that the transmitted UL SRS from a UE intended to a neighbouring cell may cause serious interference especially to the UE’s serving cell where typically the UL signal has the strongest strength at the receiver. It is not clear at all how a UE transmitted UL SRS can be isolated at the serving cell and/or other (non-intended) neighbouring cells’ receiver and intended only to a particular neighbouring cell. Furthermore, even if such isolation is feasible and ignoring UL interference toward all other base stations, TA adjustment for each neighbouring cell will lead to a long latency in positioning. In summary, we think only Option 1 shall be supported.  
Proposal 5: For UL PRS transmission, no adjustment is needed for 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).
3.2 UL SRS power control for positioning
From our simulation results from [4], we can conclude that uplink positioning performance is limited for scenarios in sparse network deployment such as UMa scenario. While for scenarios with shorter gNB distance, the performance is sufficient such as UMi and Indoor scenario. So power control mechanism should be considered especially for sparse network deployment. In Rel-15, SRS transmission power can be calculated by estimating downlink RS which is specified by high layer parameter ‘pathlossReferenceRS’ in a SRS resource  set including CSI-RS index or SSB index of the serving cell. Considering new usage for positioning, SRS transmission power may take neighbouring cell downlink RS as a pathloss reference RS such that the UE can transmit SRS based on the weak links of surrounding gNBs with the allowed TX power to improve the hearability of SRS. To support SRS power control towards neighbouring cells, multiple SRS resource sets with different power control parameters (P0, alpha, pathlossReferenceRS and PowerControlAdjustmentStates) associated with respective neighbouring cells should be configured. Within each SRS resource set, SRS resources share the same power control parameters.  For SRS transmission of UE, serving gNB may configure multiple SRS resource sets corresponding to multiple cells and the order of SRS transmission which may be the same order as the SRS resource configuration for different cells.       
Proposal 6: Support configuring multiple SRS resource sets with different power control parameters toward different neighbouring cells.
For a SRS resource set related to a neighbouring cell, the pathloss reference RS may be SSB, CSI-RS or PRS. For RS such as SSB or CSI-RS, in addition to RS index, UE may be configured with cell ID additionally to detect the RS. For PRS, the related ID is also needed. The simplest option is to use the DL RS which has spatial relation with target SRS as pathloss reference. Furthermore, to estimate pathloss related to a neighbouring cell, the transmit power of the DL RS should be also known to UE. For example, to estimate pathloss of CSI-RS, UE can be configured with a RRC parameter ‘powerControlOffsetSS’ of CSI-RS and be indicated the transmit power of SSB, so that UE can calculate the transmit power of the CSI-RS. Similarly, if ‘Power offset b/w DL PRS and SSB’ of a PRS resource is introduced, the transmit power of PRS can be calculated in the same way. If ‘Power offset b/w DL PRS and SSB’ is not introduced, the transmit power of PRS is needed. Therefore, the transmit power of the DL pathloss reference RS from neighboring cells should be indicated to UE such as SSB or PRS transmit power. 
Proposal 7: Support configuring a DL reference signal of a neighbouring cell to be used as DL pathloss reference for the purpose of SRS power control.
· SSB or CSI-RS or DL PRS is the pathloss reference RS.
· The transmit power of the pathloss reference RS from neighbouring cell should be indicated to UE such as SSB or PRS transmit power.
After obtaining the configuration of pathloss reference RSs, the UE monitors RSs. If the UE is not able to obtain the pathloss reference, the UE may select SRS transmit power estimated by the pathloss RS which can be monitored by UE as SRS transmit power towards a neighbouring cell, regardless of whether the pathloss RS is from the serving cell or the neighbouring cell. 
Furthermore, SRS transmit power is also related to closed-loop power control adjustment state which is used to quickly adjust the transmit power of UE based on uplink load, interference or other factors by a TPC command in DCI. However, SRS power control adjustment state may be not applicable to neighbouring cells since the closed-loop of neighbouring cell is difficult to maintain considering more signalling process and further distance. Therefore, we propose not to apply power control adjustment state for SRS towards neighbouring cells.  
Proposal 8: Power control adjustment state should be not applied for SRS towards neighbouring cells.
3.3 UL SRS beam management
In LTE, the radiation power pattern of a single antenna element is omni-directional. The UL positioning RS sent by one UE can be received by multiple gNBs/TRPs/LMUs from different directions. In NR, SRS spatial information indication mechanism for both UEs with and without beam correspondence should be considered. When beam correspondence is held at UE side, SRS spatial information can be acquired by the DL channel of the serving cell and neighbouring cells. For the serving cell, UE can take SSB or CSI-RS or SRS as reference indicated by the high layer parameter ‘spatialRelationInfo’ with ‘SSB index’ or ‘CSI-RS index’. However, for neighbouring cells, there is no such indication for QCL source RS. Therefore, UE should be configured additional spatial relation with downlink RS of neighbouring cells. SSB of neighbouring cells can be a candidate. In addition, considering downlink PRS beam sweeping manner and OTDOA measurement results for multi-beam, DL PRS is another candidate. 
Proposal 9: Support configuration of a spatial relation between a reference DL RS from the serving or neighbouring cells and the target SRS
· SSB or CSI-RS or DL PRS is the reference DL RS.
For UL SRS transmission using a fixed beam and different beams, the following agreement was reached at RAN1 #97.
	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)
Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options


Both UL SRS transmissions using different beams and fixed beam have been agreed. When applying beam sweeping, the total number N of SRS resources corresponding to different beams is determined by UE capability presented by the field ‘uplinkBeamManagement’ in TS38.106 [5]. So the total number N of SRS resources (which is equivalent to N different beams) for beam sweeping is equal to the product of number of SRS resources per set for BM and number of SRS resource sets for BM. Moreover, in order to increase hearability and coverage when applying SRS beam sweeping for positioning, beam sweeping combined with beam repetition should be also considered which is depicted in Fig. 1. The beam sweeping pattern can be divided into N consecutive RS sets corresponding to N different beams determined by UE capability for BM. Each RS set contains M SRS resources with ‘repetition’ and M is the number of repetitions configured by RRC. In addition, repetition of M SRS resources can be reached by configuring same spatial QCLed RS. 
[image: ]
Fig. 1 An example of SRS beam sweeping combined with repetition for positioning
Proposal 10: For UL beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.
4. Conclusion
In this contribution, some physical-layer procedures for NR positioning are discussed with the following proposals,
Proposal 1: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
Proposal 2: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
Proposal 3: The DL PRS can be configured to be QCLed Type D with a DL reference signal from a serving or neighbouring cell.
· SSB or CSI-RS or DL PRS is the DL reference signal.
Proposal 4: DL PRS can be configured with a QCL relation of ‘QCL- type C’ with SSB.
Proposal 5: For UL PRS transmission, no adjustment is needed for 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 6: Support configuring multiple SRS resource sets with different power control parameters toward different neighbouring cells.
Proposal 7: Support configuring a DL reference signal of a neighbouring cell to be used as DL pathloss reference for the purpose of SRS power control.
· SSB or CSI-RS or DL PRS is the pathloss reference RS.
· The transmit power of the pathloss reference RS from neighbouring cell should be indicated to UE such as SSB or PRS transmit power.
Proposal 8: Power control adjustment state should be not applied for SRS towards neighbouring cells.
Proposal 9: Support configuration of a spatial relation between a reference DL RS from the serving or neighbouring cells and the target SRS
· SSB or CSI-RS or DL PRS is the reference DL RS.
Proposal 10: For UL beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.
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