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Introduction
Rel-17 Work Item for Positioning Enhancement was closed from RAN1’s perspective in RAN#94e, which implies no critical issues left for the WI closure. However, there can be some issues left that need to be resolved during the WI maintenance. In this contribution, we discuss the remaining issues related to the enhancements of UL-AoA positioning.

Reference Point of UL SRS-RSRPP
The following agreement was made relating to the definition for UL SRS-RSRPP in RAN1#107-e [1]:
	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. 
· FFS: For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRPP value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches
· FFS: Note: First and additional paths RSRP, when provided in the same report, use the same RX branch(es) selected for the first arrival path and for the UL SRS-RSRP if the UL SRS-RSRP is reported
· FFS: whether/how to capture the note in the specifications
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)



For the above working assumption on the reference point of UL SRS-RSRPP, RAN4 provides the following feedback in the reply LS [2]:
	RAN4 feedback to RAN1: 
Working assumption: The reference point for UL SRS-RSRPP shall be:
· for type 1-C base station TS 38.104 [1]: the Rx antenna connector,
· for type 1-O or 2-O base station TS 38.104 [1]:  based on the combined signal from antenna elements corresponding to a given receiver branch,
· for type 1-H base station TS 38.104 [1]: the Rx Transceiver Array Boundary connector.



With the following action:
	ACTION: 	RAN4 kindly requests RAN1 to take the above feedback into consideration when formulating the working assumption for UL SRS-RSRPP measurement reference point. In addition, RAN4 finds that the definition of reference point for SRS-RSRP in 38.215 may need to be updated and based on RAN4 understanding it is same as above for UL SRS-RSRPP.



Based on the RAN4’s feedback, we suggest making the following changes on the previous agreement related to the definition of reference point for UL SRS-RSRPP, and corresponding changes in TS 38.215 as shown in the Appendix.

Proposal 1: Apply the following changes to the definition of reference point for UL SRS-RSRPP in the previous agreement and makes corresponding changes in TS 38.215.
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. 
The reference point for ULSRS-RSRPP shall be:
· for type 1-C base station TS 38.104: the Rx antenna connector,
· for type 1-O or 2-O base station TS 38.104:  based on the combined signal from antenna elements corresponding to a given receiver branch,
· for type 1-H base station TS 38.104: the Rx Transceiver Array Boundary connector.
· 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. 

Definition of UL SRS-RSRPP
UL SRS-RSRPP is currently defined in TS 38.215 based on RAN1’s agreement as follows [3]:
	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.

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.

For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements:
-	The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for UL SRS-RSRP measurements, or
-	The 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 and the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied UL SRS-RSRPP for the first path.
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Figure 1: Rx signals with one LOS path and one NLOS path

Using Figure 1 as an example, where it is assumed the 2nd path (NLOS) is two samples delay related to the 1st path (LOS). Based on the previous RAN1 agreement, the reported UL SRS-RSRPP for the 1st path should be the power related to the blue line. In another word, the receiver needs to separate the signal power of each path from the total received signal power.
In RAN4’s LS [4] for the definition of the path DL PRS-RSRP measurement, the path DL PRS-RSRP for i-th path delay can be reported in ways below:
	The PRS-RSRPP can be reported in ways below  
· RAN4 understands that PRS-RSRPP should be defined as the path RSRP per RE, in the same way PRS-RSRP is defined as power per RE. RAN4 respectfully asks RAN1 to confirm if this understanding is correct.
· PRS-RSRPP may be reported by reusing absolute and differential PRS-RSRP measurement report mapping tables in TS38.133 clause 10.1.24.3.1 and 10.1.24.3.2 respectively.
· When differential reporting is used, PRS-RSRPP is reported as the difference in dB with respect to a reference measurement. RAN4 understands that it is up to RAN1/2 to decide what reference measurement would be for the PRS-RSRPP differential reporting.



Similarly, in TS 38.215, UL SRS reference signal received power (UL SRS-RSRP) is defined as the linear average of the power contributions (in [W]) of the resource elements carrying SRS:
	Definition
	UL SRS reference signal received power (UL SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS). UL SRS‑RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.

….



Based on the RAN4’s LS [4] and the UL SRS-RSRP definition in TS 38.215, it seems the UL SRS-RSRPP should also be defined with the consideration of the linear average of the power contributions (in [W]) of the resource elements carrying SRS resources for positioning. Thus, we suggest making the following changes on the definition of UL SRS-RSRPP.
Proposal 2: Apply the following changes to the definition for UL SRS-RSRPP in TS 38.215.
	Definition
	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as linear average of the power contributions (in [W]) of the received UL SRS signal of the resource elements 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 contribution corresponding to the first detected path.

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.

For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements:
-	The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for UL SRS-RSRP measurements, or
-	The 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 and the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied UL SRS-RSRPP for the first path.




[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
[bookmark: _GoBack]In this contribution, we discussed the remaining issues related to the definition of UL SRS-RSRPP for UL-AoA positioning with the following proposals. The TP corresponding to Proposal 1 is also presented in the Appendix. 
Proposal 1: Apply the following changes to the definition of reference point for UL SRS-RSRPP in the previous agreement and also make corresponding changes in TS 38.215.
	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. 
The reference point for ULSRS-RSRPP shall be:
· for type 1-C base station TS 38.104: the Rx antenna connector,
· for type 1-O or 2-O base station TS 38.104:  based on the combined signal from antenna elements corresponding to a given receiver branch,
· for type 1-H base station TS 38.104: the Rx Transceiver Array Boundary connector.
· 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. 



Proposal 2: Apply the following changes to the definition for UL SRS-RSRPP in TS 38.215.
	Definition
	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as linear average of the power contributions (in [W]) of the received UL SRS signal of the resource elements 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 contribution corresponding to the first detected path.

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.

For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements:
-	The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for UL SRS-RSRP measurements, or
-	The 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 and the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied UL SRS-RSRPP for the first path.
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Appendix


======= TP1 for TS 38.215 (Rel-17) =======

5.2.6	UL SRS reference signal received path power (UL SRS-RSRPP)
	Definition
	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as as linear average of the power contributions (in [W]) of the received UL SRS signal of the resource elements 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 contribution corresponding to the first detected path.

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.

The reference point for ULSRS-RSRPP shall be:
· for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
· for type 1-O or 2-O base station TS 38.104 [9]:  based on the combined signal from antenna elements corresponding to a given receiver branch,
· for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.

For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements:
-	The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for UL SRS-RSRP measurements, or
-	The 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 and the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied UL SRS-RSRPP for the first path.
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