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Introduction
According to the agreed WID [1], a number of agreements have been approved to improve positioning accuracy for DL-AOD method over the past several meetings [2]. In this contribution, some remaining issues and other promising approaches for accuracy improvements of DL-AOD are analyzed and proposed. The following issues are to be discussed in the remaining sections,
· Issue#1: Information related to the first arriving path
· Issue#2: Support of AOD measurements with an expected uncertainty window
· Issue#3: Angle calculation enhancement for DL-AOD
· Issue#4: Enhancement on DL PRS Rx beam index
· Issue#5: Two-stage PRS beam sweeping
Issue#1: Information related to the first arriving path
	Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· [bookmark: OLE_LINK3]FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary


In last meeting, we have made above agreement to define the path DL PRS RSRP. We provide our views on some remaining questions for the path DL PRS RSRP.
· Question#1: Whether the path RSRP measurement is normalized with PRS RSRP
· Question #2: Whether the definition of the ith path delay (other than i=1) is required. 
For Question#1, we think the path PRS RSRP of a DL PRS resource should be reported relative to the corresponding DL PRS-RSRP. The path PRS RSRP was proposed to address the case when the DL PRS-RSRP cannot reflect the power variations between different DL PRS resources in a specific angle because of the power contributions from NLOS paths. However, if the DL PRS-RSRP and path PRS RSRP are both reported, which could be used for LOS identification. For example, the Rician K-factor is defined by a ratio between first path (or LOS path) and remaining paths, which can be derived from the DL PRS-RSRP and path PRS RSRP for first detected path.
Proposal 1: The path PRS RSRP of a DL PRS resource is reported relative to the corresponding DL PRS-RSRP at least for first detected path.
Regarding Question#2, according to the field descriptions in TS 37.355 as below, the timings of additional paths are reported relative to the path timing used for determining nr-RSTD value or nr-UE-RxTxTimeDiff value. Therefore, we don’t see the need to have new definition for the timings of additional path. As for the path PRS RSRP for additional path, we think the above definition can be applied to both first arrival path and additional paths.
	nr-AdditionalPathList (for DL-TDOA)
This field specifies one or more additional detected path timing values for the TRP or resource, relative to the path timing used for determining the nr-RSTD value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.

	nr-AdditionalPathList (for Multi-RTT)
This field specifies one or more additional detected path timing values for the TRP or resource, relative to the path timing used for determining the nr-UE-RxTxTimeDiff value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.


Proposal 2: There is no need to have new definition for the ith path delay since the field descriptions in TS 37.355 have already specified how to report timings of additional paths.
Issue#2: Expected DL-AoD/ZoD
	Proposal:
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, the following is supported 
· Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· FFS: how to signal value and range:
· Option A: Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option B: a list of PRS indices corresponding to the uncertainty, with one PRS index identifying the expected value, if any. 
· FFS: details of signaling
· FFS: Applicability to other Positioning methods


The above proposal was discussed over GTW in RAN#106-e, which is to support DL-AOD measurements with an expected uncertainty window. Although the current specification has supported expected RSTD and RSTD uncertainty for DL measurement, it only assists UE to find the subframe boundary from different TRPs. In order to use priori spatial information maintained by LMF, the expected DL-AoD/ZoD and DL-AoD/ZoD uncertainty can also be defined for DL measurement, which can improve UE’s power efficiency and reduce latency because UE doesn’t need to measure the DL reference signals outside the angle range. 
Another pending issue is whether the single expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each TRP. From our understanding, expected DL-AoD/ZoD and uncertainty shall be different for DL PRS resources transmitted from different geographical coordinates. Rel-16 specification supports different DL PRS resources being transmitted through different antenna reference points (i.e. different geographical coordinates) from the same TRP. Therefore, DL PRS resources transmitted from a single antenna reference point (or geographical coordinate) are associated with a single value of expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value).
Proposal 3: For the purpose of both UE-B and UE-A DL-AoD, support an expected uncertainty window as assistance data,
· Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· DL PRS resources transmitted from a single TRP (or a single ARP if configured) are associated with a single value of expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value).
· Note: The expected uncertainty window is defined by the LOS direction between a TRP (or a ARP if configured) and a UE.
Issue#3: Angle calculation enhancement for DL-AoD 
	Agreement in RAN1#106-e:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement


To assist angle calculation, the above agreement was approved. If TRP/gNB is aware of its beam pattern information, a mapping of angle and beam gains for each of the PRS resources can be provided directly to LMF/UE. Our first preference is to support Option 2.2 since the LMF only cares about the relative power between PRS resources in some angles. For example, LMF gets a bunch of DL PRS-RSRPs per TRP, which constructs a RSRP vector (e.g. [RSRP1, RSRP2, RSRP3, RSRP4]). Then, LMF should compare the RSRP vector with beam gain vector (e.g. [G1, G2, G3, G4]), which is the relative power between PRS resources for a specific angle. Finally, LMF will find an angle whose corresponding beam gain vector is the most relevant to the RSRP vector. However, Option 2.1 requires gNB/TRP to normalize the beam gains per resource per TRP, which is not necessary. According to the discussions in last meeting, majority companies supported Option 2.1 and argued that this option allows more flexibility for gNB/TRP to report different angle ranges for different DL PRS resources. For us, Option 2.1 can also work if the absolute value of peak power for each DL PRS resource should also be reported. However, from network vendor perspective, Option 2.1 requires gNB/TRP to disclose its beam design/shape that is not favourable.
Proposal 4: For the beam/antenna information to be optionally provided to the LMF by the gNB, support Option 2.2,
· The gNB reports quantized version of the relative power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
Providing angle and gain table for all DL PRS resources to UE will consume a mass of overhead. Fortunately, as discussed in section 3, the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) may be introduced for DL-AOD measurement, which means UE is not necessary to measure reference signals outside the expected uncertainty window. Therefore, angle and gain table for DL PRS resources can also be restricted to the expected uncertainty window provided by the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s), which will significantly reduce the overhead. As for the beam information provided by gNB to LMF, which is not sensitive to the overhead.
Proposal 5: Range of angles [θ1,θ2] are determined by,
· For beam information provided by gNB/TRP to LMF, the range of angles [θ1,θ2] can either decided by gNB/TRP or requested by LMF
· For beam information provided by LMF to UE (at least for UE based positioning), the range of angles [θ1,θ2] can be implicitly indicated by AoD uncertainty window as default for [θ1,θ2] if the range is not configured and the uncertainty window is available. 
Issue#4: Enhancement on DL PRS Rx beam index 
In current NR DL-AoD positioning method, when the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same DL PRS Rx beam index have been performed using the same spatial domain filter for reception. However, as cited texts from TS 38.214 in the following table, this mechanism only restricts to DL PRS-RSRP measurements from the same DL PRS resource set. For example, LMF would not understand how to interpret the case when two DL PRS-RSRP measurements associated with the same DL PRS Rx beam index are derived from different DL PRS resource sets. In this case, LMF can’t assume that the two DL PRS-RSRP measurements are associated with the same spatial domain filter for receiving corresponding DL PRS resources.
	Clause 5.1.6.5 of TS 38.214:
The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS-RSRP measurements on different DL PRS resources associated with the same dl-PRS-ID. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex  [17, TS 37.355] have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.


Observation 1: According to the DL PRS Rx beam index mechanism defined in Rel-16, LMF would not understand how to interpret the case when two DL PRS-RSRP measurements associated with the same DL PRS Rx beam index are derived from different DL PRS resource sets.
[image: 图片1]
FIG.1 An example of transmitting and receiving DL PRS
As shown in the FIG.1, two DL PRS resource sets transmitted from the same TRP of the same positioning frequency layer can be implemented to jointly estimate DL-AOD, so it’s possible that two DL PRS resources from different DL PRS resource sets are received by the same spatial domain filter (i.e. the same DL PRS Rx beam index). With this information being reported to LMF, LMF can determine that whether the two different DL PRS-RSRP measurements associated with the two DL PRS resources are due to different TRP transmission beams or different UE Rx beams when conducting angle calculation.
Furthermore, in Rel-16, UE can support receiving at most 4 positioning frequency layers per TRP. Normally, DL PRS transmitted from different positioning frequency layers may experience different channel impairments. Hence it’s better that Rx beam sweeping and Tx beam sweeping are conducted independently for different positioning frequency layers. However, it could be also possible that the two DL PRS resource sets in FIG.1 are from two different positioning frequency layers, where the different positioning frequency layers are within the same frequency band and thus share similar channel impairments. 
Proposal 6: To extend the application scope of DL PRS Rx beam index, when the UE reports DL PRS-RSRP measurements from DL PRS resource sets associated with the same positioning frequency layer and the same TRP, the UE indicates which DL PRS-RSRP measurements associated with the same higher layer parameter DL PRS Rx beam index have been performed using the same spatial domain filter for reception. 
Issue#5: Two-stage PRS beam sweeping
	Agreement in RAN1#105-e:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets


As shown in above agreement, some companies proposed to use two-stage PRS beam sweeping. However, based on our understanding, this can already be supported by implementation. Currently, one TRP can be configured with up to 2 DL PRS resource sets per positioning frequency layer. We think the first set can be transmitted wide beams and second set can be transmitted with narrow beams. In addition, current specification supports the QCL source of one DL PRS resource can be another DL PRS resource from the same TRP. Therefore, multiple DL PRS resources (narrow beams) from the second set can use the same QCL source (wide beam) from the first DL PRS resource set. Then, based on the configuration, UE may decide whether to fine-tune the Rx beam information accordingly.
Meanwhile, the two-stage beam sweeping has a connection between angle calculation enhancement in section 3 (which may provide the beam direction and beam width information) and on-demand PRS (UE/LMF may request preferred beam information) in another agenda item. These two enhancements can be used to optimize the implementation of two-stage sweeping, but they are separate discussions. No dedicated enhancement is needed for two-stage beam sweeping. 
Observation 2: Two-stage PRS beam sweeping can be achieved by implementation or be covered by other topics (angle calculation enhancement or on-demand PRS).
[bookmark: OLE_LINK2]Proposal 7: Don’t support or at least deprioritize corresponding enhancements on two-stage PRS beam sweeping. 
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to increase positioning accuracy for DL-AOD, the following observations and proposals are proposed,
Proposal 1: The path PRS RSRP of a DL PRS resource is reported relative to the corresponding DL PRS-RSRP at least for first detected path.
Proposal 2: There is no need to have new definition for the ith path delay since the field descriptions in TS 37.355 have already specified how to report timings of additional paths.
Proposal 3: For the purpose of both UE-B and UE-A DL-AoD, support an expected uncertainty window as assistance data,
· Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· DL PRS resources transmitted from a single TRP (or a single ARP if configured) are associated with a single value of expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value).
· Note: The expected uncertainty window is defined by the LOS direction between a TRP (or a ARP if configured) and a UE.
Proposal 4: For the beam/antenna information to be optionally provided to the LMF by the gNB, support Option 2.2,
· The gNB reports quantized version of the relative power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
Proposal 5: Range of angles [θ1,θ2] are determined by,
· For beam information provided by gNB/TRP to LMF, the range of angles [θ1,θ2] can either decided by gNB/TRP or requested by LMF
· For beam information provided by LMF to UE (at least for UE based positioning), the range of angles [θ1,θ2] can be implicitly indicated by AoD uncertainty window as default for [θ1,θ2] if the range is not configured and the uncertainty window is available. 
Observation 1: According to the DL PRS Rx beam index mechanism defined in Rel-16, LMF would not understand how to interpret the case when two DL PRS-RSRP measurements associated with the same DL PRS Rx beam index are derived from different DL PRS resource sets.
Proposal 6: To extend the application scope of DL PRS Rx beam index, when the UE reports DL PRS-RSRP measurements from DL PRS resource sets associated with the same positioning frequency layer and the same TRP, the UE indicates which DL PRS-RSRP measurements associated with the same higher layer parameter DL PRS Rx beam index have been performed using the same spatial domain filter for reception. 
Observation 2: Two-stage PRS beam sweeping can be achieved by implementation or be covered by other topics (angle calculation enhancement or on-demand PRS).
Proposal 7: Don’t support or at least deprioritize corresponding enhancements on two-stage PRS beam sweeping. 
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