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In RAN4#101-e following agreements were made:
Agreements:
· If AGC is required for PRS measurements (i.e. if none of conditions is met), then number of required samples (M2) for AGC. 
· M2=1.
· Defining reduced number of samples (M) or associated parameters as UE capability. 
· Defer the discussion until more input is received from RAN1 on the UE capability agreements. 
Following issues were identified for further study:
· One or more conditions under which samples for AGC is reduced or not required for PRS measurements
Agreements
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition 1: 
· 1A) PRS bandwidth is within the active BWP and 
· FFS: 1B) Certain power difference between serving and neighbor cell signal power is maintained
· Option 1: Target PRS Es/Iot side condition is ≥ -6dB
· Option 2: Difference between serving and neighboring cell Es/Iot is within X dB
· FFS: Additional conditions 2-3 under which AGC is not needed are:
· Condition 2: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 2a:
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 3: 
· Based on PRS configuration parameters:
· Condition 3a: 
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS.
· Condition 3b: 
· For the PRS measurement with small periodicity or the PRS measurement with resources having multiple PRS symbols in one sample or for the UE which have higher processing capability

· Reducing Rx beam sweeping factor
· Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers under certain conditions. Conditions are FFS.
· FFS: Options for conditions:
· Condition 1:
· RX beam sweeping is reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Other conditions not precluded
· Measurement period optimizations for latency reduction
· FFS: Options for measurement period optimizations for latency reduction:
· Option 1:
· In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. We propose at least to add a condition of measurement, that is 
   -  T ms < P ms where T ms is a UE processing time and P ms is PRS resource time window that network expects UE measurements.
· Option 2: 
· Do not do measurement period optimization as proposed in Option 1

In addition, RAN4#101-e also agreed on assumptions for link level simulations to assess the effect of reduction in number samples on accuracy for latency reduction in UE measurements [1]. 
In this paper we present link level simulation results based on the agreed parameters and assumptions, and our view on open issues. In addition, LS on lower Rx beam sweeping factor for latency improvement from RAN1 is addressed and our view on if the feature can be supported by RAN4 in Rel-17 is presented [2].
Discussions
Conditions under which samples for AGC is reduced or not required for PRS measurements
Condition#1: It was agreed that if the PRS bandwidth is within the active BWP then the UE does not require additional samples for AGC. The issue on power difference between serving and neighbour cell signal that needs to be maintained was identified for further study considering following two options:
Option 1: Target PRS Es/Iot side condition is ≥ -6 dB.
Option 2: Difference between serving and neighboring cell Es/Iot is within X dB.
Accuracy of timing measurements depend on PRS signal strength. Therefore, in our point of view, Es/Iot side condition of ≥ -6 dB for target cell is essential for high accuracy single sample-based timing measurements.
Option 1 provides favourable condition for single sample measurement.
Furthermore, difference between serving and neighboring cell Es/Iot must be within X dB if UE is not supposed to perform AGC for PRS measurements. 
Option 2 allows UE to perform PRS measurement without AGC.
It is worth mentioning that an agreement on number of samples has already been made when AGC is required for PRS measurements when none of conditions is met. Based on the observations above and the previous agreement on M2, both options must be adopted such that the target PRS Es/Iot is ≥ -6 dB maintaining X dB relative power difference with the serving cell.
Target cell Es/Iot ≥ -6 dB maintaining X dB relative power difference with the serving cell.
Condition#2: It was agreed that if QCL information of PRS (dl-PRS-QCL-info) is provided to UE, then UE does not need additional sample for AGC. Additional condition such that PRS is QCL (typeA, typeD and average gain) with SSB is for FFS. 
Release 16 PRS configuration already considers PRS QCLed with SSB where the working assumption is a UE able to detect SSB from a specific TRP can also detect PRS transmitted from that TRP. Similar to this, a UE able to detect SSBs from TRPs can do the PRS measurement without a need to perform AGC if the PRSs from the TRPs are typeA and typeD QCLed with the SSBs.
When UE is provided with PRS QCL info, where PRS is typeA and typeD QCLed with SSB, then UE does not need to perform AGC for PRS measurements. 
In addition to conditions 1 and 2, RAN4#101-e also identified third condition under which additional samples for ACG is not required for PRS measurements. In our view, conditions 1 and 2 are enough and conditions additional to condition#1 and condition#2 to support no additional sample requirement for PRS measurement is not needed.
Limit conditions under which additional samples for AGC is not required to 2, i.e. limit the conditions to condition#1 and condition#2.
Reducing Rx beam sweeping factor
In order to reduce PRS measurement latency for FR2 positioning frequency layers, reduction of UE Rx beam sweeping factor (<8) was discussed in RAN4#101-e. It was agreed that a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers can be defined under certain conditions.
A DL-PRS is configured with QCL 'typeD' with a DL PRS associated with the same dl-PRS-ID, or with rs-Type set to 'typeC', 'typeD', or 'typeC-plus-typeD' with a SS/PBCH Block from a serving or non-serving cell. 
DL-PRS is QCLed with other reference signals.
Under the condition that the UE is aware of dl-PRS-QCL-Info, it must be able to reduce its beam sweeping factor below 8 to receive DL PRS for positioning measurement.
Rx beam sweeping factor can be lower than 8 provided UE has the DL-PRS QCL information.
In RAN1#107-e RAN1 sent an LS on lower Rx beam sweeping factor for latency improvement to RAN4 seeking RAN4’s view and a confirmation that this new UE capability can be supported by RAN4 in Rel-17 [2]. As discussed above, we see reduction of Rx beam sweeping factor below 8 is a possibility and propose an LS response to the RAN1.
Send an LS response to RAN1 and confirm possibility of Rx beam sweeping factor reduction below 8.
Link level simulation results
In our companion paper R4-2201669 [3] link level simulation results for latency reduction in UE measurements are presented. The simulations are done under the assumptions consolidated in the R4-2120330 [1]. Based on the results, the following observations are made:
AWGN and TDL-D: RSTD accuracy improves gradually when the number of samples in PRS measurement is increased from 1 to 4 for small bandwidth.
AWGN and TDL-D: Similar RSTD accuracy is observed when the number of samples in PRS measurement is increased from 1 to 4 for large bandwidth.
In general TDL-A and TDL-C: 4 sample RSTD accuracy is better than 1 sample RSTD accuracy.
Observations similar to RSTD accuracy have been made for UE TRX error evaluation. 
In general RSRP accuracy is higher when cell SINR is -6dB in comparison to the cell with -13 dB SINR.
RSRP accuracy is comparable when the cell SINR values are -3 dB and -6 dB.
In most of the evaluated cases, it was obseved that a comparable SINR accuracy can be obtained from both 1 and 4 sample measurements.
Reduced number of samples for RSTD measurement are valid for AWGN and TDL-D for PRS configured with large bandwidth. 
Reduced number of samples for PRS measurement are not valid for TDL-A and TDL-C.
Conclusion
In this contribution following observations were made:
1. Option 1 provides favourable condition for single sample measurement.
1. Option 2 allows UE to perform PRS measurement without AGC.
1. DL-PRS is QCLed with other reference signals.
1. Rx beam sweeping factor can be lower than 8 provided UE has the DL-PRS QCL information.
1. AWGN and TDL-D: RSTD accuracy improves gradually when the number of samples in PRS measurement is increased from 1 to 4 for small bandwidth.
1. AWGN and TDL-D: Similar RSTD accuracy is observed when the number of samples in PRS measurement is increased from 1 to 4 for large bandwidth.
1. In general TDL-A and TDL-C: 4 sample RSTD accuracy is better than 1 sample RSTD accuracy.
1. Observations similar to RSTD accuracy have been made for UE TRX error evaluation. 
1. In general RSRP accuracy is higher when cell SINR is -6dB in comparison to the cell with -13 dB SINR.
1. RSRP accuracy is comparable when the cell SINR values are -3 dB and -6 dB.
1. In most of the evaluated cases, it was obseved that a comparable SINR accuracy can be obtained from both 1 and 4 sample measurements.
In this contribution following proposals were made:
1. Target cell Es/Iot ≥ -6 dB maintaining X dB relative power difference with the serving cell.
1. When UE is provided with PRS QCL info, where PRS is typeA and typeD QCLed with SSB, then UE does not need to perform AGC for PRS measurements. 
1. Limit conditions under which additional samples for AGC is not required to 2, i.e. limit the conditions to condition#1 and condition#2.
1. Send an LS response to RAN1 and confirm possibility of Rx beam sweeping factor reduction below 8.
1. Reduced number of samples for RSTD measurement are valid for AWGN and TDL-D for PRS configured with large bandwidth. 
1. Reduced number of samples for PRS measurement are not valid for TDL-A and TDL-C.
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1. Overall Description:
RAN4 thanks RAN1 for the LS. RAN4 has discussed the possibility of reducing the Rx beam sweeping factor to <8. Based on the discussion RAN4 would like to provide following feedback. 

RAN4 feedback to RAN1: 
DL-PRS is configured QCLed with other reference signals such as SS/PBCH [1]. Under the condition that the UE is aware of the DL-PRS QCL info, UE can reduce Rx beam sweeping for DL-PRS reception during a positioning measurement occasion. Furthermore, RAN4 does not see a need to define a new UE capability on lower Rx beam sweeping factor.

2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly requests RAN1 to take the above feedback into consideration working towards latency reduction by reducing the UE Rx beam sweeping factor.

3. References:
[1]  3GPP TS 38.104: "NR; Physical layer procedures for data".
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