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Introduction
 From RAN4#101bis-e, the agreements and the open discussion points for PDC RTT method are listed below:[bookmark: _Hlk93525196]Agreement:
Agree that RAN4 can reuse gNB Rx-Tx time difference absolute accuracy based on SRS, from release 16 specification for RTT-based PDC
Agreement:
[bookmark: _Hlk93864361]RAN4 assume that scheduling restriction is not required for UE Rx-Tx measurement, provided that UE is not required measure TRS/PRS outside the active BWP, and the SCS of the TRS/PRS is same as the active BWP.
This can be revisited in next meeting if companies find that such assumption is not feasible.
Agreement:
[bookmark: _Hlk93864333]RAN4 assume that MG is not required for UE Rx-Tx measurement, provided that UE is not required measure TRS/PRS outside the active BWP, and the SCS of the TRS/PRS is same as the active BWP.
This can be revisited in next meeting if companies find that such assumption is not feasible. 
Agreements
Rel-17 PDC RTT-based method using PRS as the DL reference signal
· Reuse the side conditions defined in TS 38.133-10.1.25.2
· AWGN channel is assumed
· Es/Iot = -3 dB is assumed
· Further discuss if other channels and candidate Es/Iot values shall be considered.
· [4] measurement samples are used for requirements definition
Agreement:
[bookmark: _Hlk93864297]RAN4 agree to reuse the existing side conditions and the serving cell gNB Rx-Tx time difference measurement accuracy requirements in TR 38.133 - 13.2.2 for Rel-17 PDC RTT method with the condition of Es/Iot of 3dB.
Agreement:
[bookmark: _Hlk95227173]Simulation assumption for PDC RTT method with UE Rx-Tx time difference based on TRS are as defined in tables 1 and 2 (see appendix). FFS on simulation assumptions and whether to define requirements for FR2 with 60kHz and/or 120 kHz SCS












[bookmark: _Hlk93862819][bookmark: _Hlk95227331]Agreement:
RAN4 agree to use the existing reporting range for UE Rx-Tx is re-used for PDC.
Agreement:
RAN4 agree to use the existing reporting range for gNB Rx-Tx is re-used for PDC
Agreement:
[bookmark: _Hlk93525641]Agreement: RAN4 need link simulation study for defining UE Rx-Tx time difference measurement accuracy requirements based on TRS
Tentative agreement:
For PDC RTT gNB Rx-Tx time difference measurement accuracy requirements re-use existing gNB Rx-Tx requirements for 3dB side condition and SCS 15/30kHz (Rel-17 38.133, 13.2.2). FFS: 60KHz and FR2.

WF for next meeting:
PRS:
· Shall RAN4 define requirements based on Rel-16 or Rel-17, or for Rel-16 and Rel-17 PRS?
· Number of samples assumed (1 or 4 samples)?
TRS:
· 1 or 4 samples



In this paper we will discuss some of the above highlighted open issues.
Discussion
UE Rx-Tx time difference measurement requirement for PRS
Side conditions
In RAN1#106bis-e it has the following agreement [1]Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 


Since RAN1 already considered using table 10.1.25.2-2 in TS 38.133 v17.3.0 for error budget evaluation and the table is about the PRS measurement accuracy based on the fading channel. We don’t see the reason why RAN4 should restrict the channel condition to AWGN channel for PDC RTT with PRS. And we think the fading channel condition should be included for PDC RTT requirement with PRS. 
RAN1 evaluate the PDC RTT error budget with PRS measurement accuracy under fading channel condition. 
At least include the AWGN channel and the fading channel condition defined in 10.1.25.2-2 in TS 38.133 v17.3.0 for PDC RTT with PRS.
Regarding the number of PRS samples, we understand that within the serving cell it is not necessary to have a single sample of PRS measurement for the PDC application.  Some companies argue to reuse the 1 sample PRS measurement accuracy from Rel-17 ePos [2], the latest agreement is attached in the followingRAN4#101bis Agreements:
Parameters
Value
No of samples w/o AGC (M1)
1
PRS Ês/Iot (dB)
≥ -6
Propagation conditions
LOS
PRS BW (RBs)
≥ [48]
Accuracy
R16
Repetition
R16

· 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 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
FFS on the detailed RX power definition.

As we can see that 1 sample PRS measurement accuracy is under a more restricted BW condition “PRS BW (RBs)	≥ 48” and we understand that the PDC application can be with smaller bandwidth.
Rel-17 ePos 1 sample PRS measurement accuracy is based on the BW condition “PRS BW (RBs)	≥ 48”.
 Therefore, we think reusing the Rel-17 ePos 1 sample PRS measurement accuracy requirement cannot satisfy the PDC use cases with small bandwidth.    
Reuse the PRS measurement accuracy requirement based on 4 samples defined in 10.1.25 in TS 38.133 v17.3.0 for Rel-17 PDC RTT with PRS.
PRS measurement period 
Section 9 in 38.214-h00 indicates that the PRS for PDC will be included in a specific PRS resource set and the reception of PRS for PDC follows the legacy PRS reception. The section is shown in the followings
  
Also given that in RAN4#101bis-e it is agreed MG is not required for UE Rx-Tx measurement with assuming UE is not required to measure TRS/PRS outside the active BWP, we think the PRS measurement period for PDC RTT can be simplified from the current requirement defined in 38.133 - 9.9.4.5. To be more specific, we think the PRS measurement period for PDC RTT can be   For operation with RTT-based propagation delay compensation, the UE may be configured with either:
-	one CSI-RS for tracking with higher layer parameter pdc-Info for Rx – Tx time difference estimation at UE side and one SRS resource set with usage-r17, or
-	one PRS configuration of higher layer parameter NR-DL-PRS-PDC-ResourceSet-r17 [12, TS 38.331] for Rx – Tx time difference estimation at UE side and one SRS resource set with usage-r17.
The related UE procedures for transmitting uplink reference signals and receiving downlink reference signals for RTT-based propagation delay compensation are defined as follows:
-	for reception of CSI-RS for tracking with higher layer parameter pdc-Info, the UE follows the procedures for reception of CSI-RS for tracking defined in Clause 5.1.6.1.1.  
-	for reception of the one PRS configuration provided by RRC [12, TS 38.331] for RTT-based propagation delay compensation, the UE follows the procedure for PRS reception defined in Clause 5.1.6.5 using the configuration information provided by NR-DL-PRS-PDC-ResourceSet-r17 instead of NR-DL-PRS-ResourceSet.
-	for transmission of an SRS resource set configured with usage-r17, the UE follows the procedures for SRS transmission defined in Clause 6.2.1.



where

The symbol definitions are consistent with 38.133-9.9.4.5. The above equation is under the observations that
1. With the serving cell only, the positioning frequency layer number is 1. 
2. Since the UE is measuring PRS within the serving cell, it is reasonable to assume the PRS resource is QCLed with the previously measured SSB/CSI-RS resources and UE knows the corresponding Rx beams for the PRS. Therefore, no need for UE Rx beam sweeping.
3. Given no MG is needed for PDC PRS measurement, we assume   and  = T + 
The PRS measurement period requirement for PDC RTT is 
where






UE Rx-Tx time difference measurement requirement for TRS
TRS measurement period 
We think the TRS measurement period should also be defined for PDC RTT.  To determine the TRS measurement period, we have the following observations:
· There is no UE measurement capability restriction for TRS.
· It is agreed in RAN4#101bis-e that MG is not required for PDC RTT UE Rx-Tx measurement.
· Giving that UE is measuring TRS within the serving cell, then it is reasonable to assume the TRS resource is QCLed with the previously measured SSB/CSI-RS resources and UE knows the corresponding Rx beams for the TRS measurement. Therefore, no need for UE Rx beam sweeping.
· The carrier specific scaling factor (CSSF) only applies to intra-frequency, inter-frequency, inter-RAT and NR PRS-based positioning measurements (38.133-9.1.5.1). It does not apply to the TRS measurement within the serving cell. 
· As it is shown in above, from section 9 in 38.214-h00 we understand that there will be no splitting of the same TRS resources for different usage and the TRS resource for PDC will be a specific CSI-RS resource and the reception of TRS for PDC follows the legacy TRS reception.  
· Like the PRS measurement period, the TRS measurement period for PDC RTT should apply without DRX.
Therefore, giving the above observations, we think the TRS measurement period for PDC RTT should be

where 
 is the number of TRS measurement samples for PDC RTT.
 is the periodicity of the TRS specific for PDC RTT UE Rx-Tx time difference measurement.
The TRS measurement period requirement for PDC RTT is 
where 
 is the number of TRS measurement samples for PDC RTT.
 is the periodicity of the TRS specific for PDC RTT UE Rx-Tx time difference measurement.
Simulation Results for TRS measurement Accuracy
Based on the agreed TRS simulation assumption from RAN4#101bis-e (attached in the annex and the BW typo is corrected), we have the following simulation results for 90%-ile of the TUE-RX errors for the serving cell

Table 1 TUE-RX accuracy with TRS, 1 sample, AWGN, TDD
	Accuracy  (Tc)
	TRS bandwidth RB
	TRS resource number
	SCS

	±64
	24
	2
	

15kHz

	± 32
	52
	
	

	± 16
	104
	
	

	±64
	24
	
4
	

	±32
	52
	
	

	±16
	104
	
	

	±32
	24
	
2
	


30kHz

	± 16
	52
	
	

	±8
	132
	
	

	±32
	24
	
4
	

	±16
	52
	
	

	±8
	132
	
	



Table 2 TUE-RX accuracy with TRS, 1 sample, TDL-A, TDD
	Accuracy  (Tc)
	TRS bandwidth RB
	TRS resource number
	SCS

	±144
	24
	2
	

15kHz

	± 96
	52
	
	

	± 64
	104
	
	

	±144
	24
	
4
	

	±96
	52
	
	

	±64
	104
	
	

	±96
	24
	
2
	


30kHz

	±64
	52
	
	

	± 40
	132
	
	

	±96
	24
	
4
	

	±64
	52
	
	

	±40
	132
	
	



Table 3 TUE-RX accuracy with TRS, 4 samples, AWGN, TDD
	Accuracy  (Tc)
	TRS bandwidth RB
	TRS resource number
	SCS

	±64
	24
	2
	

15kHz

	± 32
	52
	
	

	± 26
	104
	
	

	±64
	24
	
4
	

	±32
	52
	
	

	±16
	104
	
	

	±32
	24
	
2
	


30kHz

	± 16
	52
	
	

	± 8
	132
	
	

	±32
	24
	
4
	

	±16
	52
	
	

	±8
	132
	
	



Table 4 TUE-RX accuracy with TRS, 4 samples, TDL-A, TDD
	Accuracy  (Tc)
	TRS bandwidth RB
	TRS resource number
	SCS

	±144
	24
	2
	

15kHz

	± 80
	52
	
	

	± 64
	104
	
	

	±144
	24
	
4
	

	±88
	52
	
	

	±68
	104
	
	

	±88
	24
	
2
	


30kHz

	±64
	52
	
	

	± 40
	132
	
	

	±88
	24
	
4
	

	±64
	52
	
	

	±40
	132
	
	



Given the above simulation results, we have the following observations:
The TRS resource number has minor effect on the TUE-RX error.
The TRS measurement sample number has minor effect on the TUE-RX  error.
The TRS TUE-RX error changes significantly between AWGN and TDL-A.
Based on the above observations, we have the following proposals:
Define UE Rx-Tx time difference measurement accuracy for TRS with both AWGN and TDL-A channels.
For PDC RTT UE Rx-Tx time difference measurement accuracy requirement with TRS/PRS and SRS, the corresponding test cases should be defined in RAN4. 
RAN4 should define test cases for PDC RTT UE Rx-Tx time difference measurement accuracy requirement with TRS/PRS and SRS.
Conclusion
We discuss the RRM requirements for Rel-17 PDC RTT based method in this paper and we have the following proposals and observations:
1. RAN1 evaluate the PDC RTT error budget with PRS measurement accuracy under fading channel condition. 
1. At least include the AWGN channel and the fading channel condition defined in 10.1.25.2-2 in TS 38.133 v17.3.0 for PDC RTT with PRS.
Rel-17 ePos 1 sample PRS measurement accuracy is based on the BW condition “PRS BW (RBs)	≥ 48”.
1. Reuse the PRS measurement accuracy requirement based on 4 samples defined in 10.1.25 in TS 38.133 v17.3.0 for Rel-17 PDC RTT with PRS.
1. The PRS measurement period requirement for PDC RTT is 
where

The TRS measurement period requirement for PDC RTT is 
where 
 is the number of TRS measurement samples for PDC RTT.
 is the periodicity of the TRS specific for PDC RTT UE Rx-Tx time difference measurement.
The TRS resource number has minor effect on the TUE-RX error.
The TRS measurement sample number has minor effect on the TUE-RX  error.
The TRS TUE-RX error changes significantly between AWGN and TDL-A.
Define UE Rx-Tx time difference measurement accuracy for TRS with both AWGN and TDL-A channels.
RAN4 should define test cases for PDC RTT UE Rx-Tx time difference measurement accuracy requirement with TRS/PRS and SRS.
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Annex A: Simulation assumption for TRS
Table 3 General parameters
	Parameter
	Value

	Cell layout
	1 serving cell

	Duplex modes
	FDD and TDD

	TDD specific parameters (TTD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)

	
Data and CCH load in non-TRS symbols
	1. 50% utilization in time
1. 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 5 MHz, 10 MHz, 20 MHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 10 MHz, 20 MHz, 50 MHz
· 30 kHz
· FDD, TDD

	Propagation conditions [TS 38.101-4]
	AWGN,
[TDL-A (30 ns delay spread, 5Hz)]

	Es/Iot [dB]
	-3

	Number of UE receive antennas
	2 rx (uncorrelated with equal gain, no rx beamforming)

	UE measurement bandwidth
	Full carrier bandwidth



Table 4 CSI-RS for tracking transmission configuration parameters
	Parameter
	Value

	Number of transmit TRS antennas
	1

	Cell ID, TRP ID, CSI-RS Resource Set ID
	1

	Number with CSI-RS Resource sets with trs-Info
	1 

	TRS transmission bandwidth (in PRBs) - full carrier BW

	· 15 kHz: 24(5MHz), 52 (10MHz), 104 (20MHz), 268 (50MHz)s
· 30 kHz: 24(10MHz), 52 (20MHz),132 (50MHz), 272 (100MHz)

	Sample rate (Tc)
	· 15 kHz: 256(5MHz), 128(10MHz), 64 (20MHz)
· 30 kHz: 128(10MHz), 64 (20MHz), 32 (50MHz)

	TRS periodicity
	40ms

	TRS resources number 
	2, 4

	TRS symbol location
	{4,8}

	TRS frequency density
	3 

	TRS samples 
	1, 4 

	Evaluation period 
	40 ms, 200 ms 



At least the following performance characteristics are to be provided for TUE-RX:
90%-ile of the TUE-RX errors for each cell
and, 
TUE-RX error = abs(estimated TUE-RX – ideal TUE-RX ) (based on perfect channel and UE location knowledge).

