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Introduction

RAN WG1 works on the enhancements of information reporting from UE and gNB that facilitate multipath/NLOS mitigation and specify the reporting formats for improving positioning accuracy.
Two types of the enhancements for information reporting have been considered including the introduction of the LOS/NLOS indicator associated with the measurement and the extension of the additional path reporting to support new metrics (reported parameters) and increase of the total number of reported additional paths N (N > 2).
In this contribution we propose the information reporting formats for the DL PRS-RSRPP and UL SRS-RSRPP first and additional paths reporting for the DL-TDOA, UL-TDOA, and Multi-RTT positioning methods. 

Enhancements of Information Reporting from UE and gNB for Multipath/NLOS Mitigation
[bookmark: _Hlk53490318]RSRPP for First and Additional Path Reporting
The DL PRS-RSRPP and UL SRS-RSRPP measurement and reporting for the first and additional paths as a part of the DL-TDOA, UL-TDOA, and Multi-RTT reporting enhancements was discussed at the RAN WG1#10b-e meeting and the following agreement has been captured in the chairman’s notes, [1]:
	[bookmark: _Hlk85580282]Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· FFS: Support of path RSRP for additional paths as part of DL-AoD. 



The definition of the DL PRS-RSRPP and UL SRS-RSRPP was discussed in the parallel tracks in AI 8.5.3 and 8.5.2, respectively. 
The following agreement has been made under the AI 8.5.3 with regards to the DL PRS-RSRPP definition at the RAN WG1#106b-e meeting, [1]:
	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. 
· 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



Two aspects were left for further study, including the normalization condition for the DL PRS-RSRPP measurement and the necessity of introduction for the ith path delay definition. The corresponding LS has been sent to the RAN WG4 with the request to provide the feedback on the DL PRS-RSRPP definition if any. 

RAN WG1 received the incoming LS from RAN WG4 with the following feedback,[2]:
	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.
RAN4 concludes that these ways are possible to support PRS-RSRPP in Rel-17.
To RAN WG1 & WG2 group.
ACTION: RAN4 kindly requests RAN1/2 to take the above information into consideration in the further specification work, and respectfully asks to inform RAN4 if RAN1/2 finds any issue or update for RAN4 understanding.



According to RAN4, the DL PRS-RSRPP can be reported by reusing the absolute and differential measurement report defined in the TS 38.133 Tables 10.1.24.3.1 and 10.1.24.3.2, respectively, for the DL PRS-RSRP, [3].
If the differential reporting is used, then the DL PRS-RSRPP is reported as a difference in dB scale with respect to a reference measurement. The choice of the reference measurement is left up to RAN1/2 decision. 

Similar agreement has been made under the AI 8.5.2 with regards to the UL SRS-RSRPP definition at the RAN WG1#107-e meeting, [4]:
	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)



In addition to the UL SRS-RSRPP definition two options for UL SRS-RSRPP reporting with regards to the different types of RX diversity have been agreed.

Option 1 (RX diversity for the first path UL SRS-RSRPP): 
In option 1, the RX diversity for the first path UL SRS-RSRPP is considered. It assumes that 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. 

Option 2 (RX diversity for the UL SRS-RSRP): 
In option 2, the RX diversity for the UL SRS-RSRP is considered. It assumes that 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). 

In this contribution, we propose the reporting formats for the DL PRS-RSRPP and UL SRS-RSRPP for the first and additional paths for the different RX diversity options provided above. Based on the RAN4 feedback we further clarify how the DL PRS-RSRPP and UL SRS-RSRPP can be reported using the absolute and differential values. 

According to RAN4, the DL PRS-RSRPP can be reported reusing the absolute and differential approach adopted for the DL PRS-RSRP reporting. The absolute DL PRS-RSRP values can be reported in the range from -156 dBm to -31 dBm with 1 dB resolution with 127 values in total as defined in Table 10.1.24.3.1, [3]. 
The reporting range of differential DL RSP-RSRP is defined in the range from -30 dB to 30 dB with 1 dB resolution when nr-DL-TDOA-RequestLocationInformation or nr-Multi-RTT-RequestLocationInformation is received as defined in Table 10.1.24.3.2, [3]. 

The absolute UL SRS-RSRP values can be reported in the range from -156 dBm to -31 dBm with 1 dB resolution with 127 values in total as defined in Table 13.3.1-1, [3].

Based on the provided considerations we have the following proposals. 

For the first path and additional paths DL PRS-RSRPP reporting, we have the following proposal: 


Support reporting of the UL SRS-RSRPP for the first and additional paths as a part of the UL-TDOA and Multi-RTT reporting enhancements using the following RX diversity options:
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
The first path UL SRS-RSRPP is reported using absolute values and the UL SRS-RSRPP for additional paths are reported using differential values, where first path UL SRS-RSRPP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 30 dB] with 1 dB resolution
Option 2 (RX diversity for the UL SRS-RSRP):
The same RX branch(es) as applied for the 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)
UL SRS-RSRP is reported using absolute values and the first and additional paths UL SRS-RSRPP are reported using differential values, where UL SRS-RSRP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution

For the first path and additional paths UL SRS-RSRPP reporting, we have the following proposal: 


Support reporting of the DL PRS-RSRPP for the first and additional paths as a part of the DL-TDOA and Multi-RTT reporting enhancements using the following RX diversity options:
Option 1 (RX diversity for the first path DL PRS-RSRPP): 
The same RX branch(es) as applied for the first path DL PRS-RSRPP measurements are used for the additional paths DL PRS-RSRPP measurements if those are provided together
The first path DL PRS-RSRPP is reported using absolute values and the DL PRS-RSRPP for additional paths are reported using differential values, where first path DL PRS-RSRPP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 30 dB] with 1 dB resolution
Option 2 (RX diversity for the DL PRS-RSRP):
The same RX branch(es) as applied for the DL PRS-RSRP measurements are used for DL PRS-RSRPP measurements (i.e., the first and additional paths DL PRS-RSRPP if those are provided)
DL PRS-RSRP is reported using absolute values and the first and additional paths DL PRS-RSRPP are reported using differential values, where DL PRS-RSRP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution

Conclusions
In this contribution, we proposed the information reporting formats for the DL PRS-RSRPP and UL SRS-RSRPP first and additional paths reporting. In summary we have the following proposals:

Proposal #1: 
Support reporting of the UL SRS-RSRPP for the first and additional paths as a part of the UL-TDOA and Multi-RTT reporting enhancements using the following RX diversity options:
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
The first path UL SRS-RSRPP is reported using absolute values and the UL SRS-RSRPP for additional paths are reported using differential values, where first path UL SRS-RSRPP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 30 dB] with 1 dB resolution
Option 2 (RX diversity for the UL SRS-RSRP):
The same RX branch(es) as applied for the 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)
UL SRS-RSRP is reported using absolute values and the first and additional paths UL SRS-RSRPP are reported using differential values, where UL SRS-RSRP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution

Proposal #2: 
Support reporting of the DL PRS-RSRPP for the first and additional paths as a part of the DL-TDOA and Multi-RTT reporting enhancements using the following RX diversity options:
Option 1 (RX diversity for the first path DL PRS-RSRPP): 
The same RX branch(es) as applied for the first path DL PRS-RSRPP measurements are used for the additional paths DL PRS-RSRPP measurements if those are provided together
The first path DL PRS-RSRPP is reported using absolute values and the DL PRS-RSRPP for additional paths are reported using differential values, where first path DL PRS-RSRPP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 30 dB] with 1 dB resolution
Option 2 (RX diversity for the DL PRS-RSRP):
The same RX branch(es) as applied for the DL PRS-RSRP measurements are used for DL PRS-RSRPP measurements (i.e., the first and additional paths DL PRS-RSRPP if those are provided)
DL PRS-RSRP is reported using absolute values and the first and additional paths DL PRS-RSRPP are reported using differential values, where DL PRS-RSRP is selected as a reference measurement
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution
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