3GPP TSG RAN WG1 #108-e			R1- 2202292
e-Meeting, February 21st – March 3rd, 2022

[bookmark: _GoBack]Agenda Item:	8.5.2
Source:	LG Electronics
Title: 	Discussion on accuracy improvement for UL-AoA positioning
Document for:  	Discussion and decision
Introduction
This contribution discusses Rel-17 UL-AoA enhancements specifically in association between UL SRS-RSRP and UL SRS-RSRPP, reporting enhancements and expected UL-AoD/ZoD.
Accuracy improvement for UL-AoA positioning 
Association between UL SRS-RSRP and UL SRS-RSRPP 
In the previous meeting [1], the definition of UL SRS-RSRPP was agreed as shown below:
	Agreement
Apply the following changes to the definition for UL SRS-RSRPP in the previous agreement:
Definition 
UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path. 
· Working assumption: For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 
Note: The following two options are supported by gNB to LMF:
· Option 1 (RX diversity for the first path UL SRS-RSRPP)
· The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used for the additional paths UL SRS-RSRPP measurements if those are provided together
· For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements, then reported UL SRS-RSRPP value for the first path shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches
· Option 2 (RX diversity for UL SRS-RSRP)
· The same RX branch(es) as applied for UL SRS-RSRP measurements are used for UL SRS-RSRPP measurements (i.e., the first and additional paths UL SRS-RSRPP if those are provided)



 Regarding reporting of UL SRS-RSRPP, RAN1 needs to discuss about the relationship between reported UL SRS RSRP and UL SRS-RSRPP as DL measurements (e.g. DL PRS RSRP and DL PRS-RSRPP). That is, considering the fact that LMF may obtain additional insights regarding the link quality of the n-th path with the respect to the total received PRS RSRP, UE can report both DL PRS-RSRP and DL PRS-RSRPP together in UE-A DL-AoD and the maximum number or DL PRS-RSRPP is less than or equal to the maximum number of DL PRS-RSRP. The related agreement is shown below:
	Agreement
For reporting of DL PRS RSRPP and PRS RSRP in UE-A DL-AOD
· The maximum number of DL PRS RSRPP M is a UE capability and its candidate values include {2,4,8,16,24}.
· The capabilities for DL PRS RSRPP (M value) and DL PRS RSRP (N values) are such that M is less than or equal to N 


Similarly, we think RAN1 also needs to discuss and determine the association between UL SRS-RSRPP and UL SRS-RSRP for UL-AoA. At least, RAN1 needs to support reporting of both UL SRS-RSRPP and UL SRS-RSRP and needs to agree that UL SRS-RSRPP (P value) and UL SRS-RSRP (Q values) are such that P is less than or Q like a as shown below:

For reporting of UL SRS-RSRPP and UL SRS-RSRP in UL-AoA
· Regarding, the maximum number of UL SRS-RSRPP, it is up to RAN4.
· The capabilities for UL SRS-RSRPP (P value) and UL SRS-RSRP (Q values) are such that P is less than or equal to N. 
Proposal 1:
· RAN1 needs to support reporting of both UL SRS-RSRPP and UL SRS-RSRP and needs to agree that UL SRS-RSRPP (P value) and UL SRS-RSRP (Q values) are such that P is less than or Q like a as shown below:
· For reporting of UL SRS-RSRPP and UL SRS-RSRP in UL-AoA
· Regarding, the maximum number of DL PRS RSRPP, it is up to RAN4.
· The capabilities for DL PRS RSRPP (M value) and DL PRS RSRP (N values) are such that M is less than or equal to N.

UL-AOA Report Enhancements
UL-AOA Report Enhancements
In the previous meeting [2], following agreement regarding hybrid positioning was agreed. 
	Agreement:
· For the first arrival path measurements on SRS for positioning resource, 
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA}
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one-gNB Rx-Tx time difference}
· FFS additional option: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA, one-gNB Rx-Tx time difference}
· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
· For the first arrival path measurements on SRS for MIMO resource,
· gNB can report to LMF the following set of measurements {one SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· FFS: gNB can report to LMF the following set of measurements {multiple SRS-RSRP, multiple UL-AOAs (AoA/ZoA pairs), one UL-RTOA} 
· All gNB measurements above are associated with SRS resource ID and timestamp, which are also reported to LMF
· Note: The operation of SRS for MIMO is transparent to the UE


The remaining issue is whether gNB can report multiple SRS-RSRP for each reported multiple UL-AoAs for the first arrival path measurements. Considering the intention or motivation of reporting multiple UL-AoAs in measurements reporting, we think reporting multiple SRS-RSRP for each UL-AoA seems not only appropriate for LMF to estimate which UL-AoA is used for corresponding one UL-ROTA/ gNB Rx-Tx time difference but also helpful for LMF to use reported multiple UL-AoAs more properly. So, we are generally fine with reporting multiple SRS-RSRP to LMF from gNB and we prefer that RAN1 needs to support it.	
Observation 1:
· Reporting multiple SRS-RSRP for each UL-AoA seems not only appropriate for LMF to estimate which UL-AoA is used for corresponding one UL-ROTA/ gNB Rx-Tx time difference but also helpful for LMF to use reported multiple UL-AoAs more properly. 
Proposal 2:
· RAN1 needs to support reporting multiple SRS-RSRP together with {multiple UL-AOA, UL-RTOA/gNB Rx-Tx measurements}.
Expected UL-AoD/ZoD
As a part of DL-AoA enhancements, introducing the signaling of UL AoA/ZoA assistance information (expected UL-AoA/ZoA and uncertainty range) was agreed. On the other hand, for DL angle based positioning measurements, both DL AoD/ZoD (e.g. gNB perspective) and DL AoA/ZoA (e.g. UE perspective) are considered and all of the options are agreed for DL positioning measurement. Similarly, we think introducing the expected UL-AoD/ZoD which is signaled from LMF to UE seems quite natural. If expected UL-AoD and uncertainty is proved for UE, UE does not need to transmit all of SRSs within configured SRS resource(s) and it would be helpful for UE to determinate the Tx beamforming. Figure #1 shows the example. So, RAN1 should support expected UL-AoD/ZoD which is signaled from LMF to UE and the detail configuration needs to follow the way for configuration of expected UL-AoA and its uncertainty (or details up to RAN2). 
Observation 2:
· If expected UL-AoD and uncertainty is proved for UE, UE does not need to transmit all of SRSs within configured SRS resource(s) and it would be helpful for UE to determinate the Tx beamforming.
Proposal 3:
· RAN1 should support expected UL-AoD/ZoD which is signaled from LMF to UE and the detail configuration needs to follow the way for configuration of expected UL-AoA and its uncertainty (or details up to RAN2).
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Figure 1 An illustrative example of expected UL AoD/ZoD and uncertainty for UL-AoA

Conclusion
In this contribution, we have discussed potential enhancements for UL-AOA positioning in Rel-17, and our proposal is summarized below. 

Association between UL SRS-RSRP and UL SRS-RSRPP 
Proposal 1:
· RAN1 needs to support reporting of both UL SRS-RSRPP and UL SRS-RSRP and needs to agree that UL SRS-RSRPP (P value) and UL SRS-RSRP (Q values) are such that P is less than or Q like a as shown below:
· For reporting of UL SRS-RSRPP and UL SRS-RSRP in UL-AoA
· Regarding, the maximum number of DL PRS RSRPP, it is up to RAN4.
· The capabilities for DL PRS RSRPP (M value) and DL PRS RSRP (N values) are such that M is less than or equal to N.

UL-AOA Report Enhancements
Observation 1:
· Reporting multiple SRS-RSRP for each UL-AoA seems not only appropriate for LMF to estimate which UL-AoA is used for corresponding one UL-ROTA/ gNB Rx-Tx time difference but also helpful for LMF to use reported multiple UL-AoAs more properly. 
Proposal 2:
· RAN1 needs to support reporting multiple SRS-RSRP together with together with {multiple UL-AOA, UL-RTOA/gNB Rx-Tx measurements}.

Expected UL-AoD/ZoD
Observation 2:
· If expected UL-AoD and uncertainty is proved for UE, UE does not need to transmit all of SRSs within configured SRS resource(s) and it would be helpful for UE to determinate the Tx beamforming.
Proposal 3:
· RAN1 should support expected UL-AoD/ZoD which is signaled from LMF to UE and the detail configuration needs to follow the way for configuration of expected UL-AoA and its uncertainty (or details up to RAN2).
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