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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In this tdoc we review RAN1 decision regarding propagation delay compensation, analyze the required performance and propose how to define RTT-based PDC accuracy requirements.
2	Discussion
In WF from RAN4#101-bis-e [1]:
	...
1.9 Measurement accuracy requirements (Sub-topic 1-9)
Measurement accuracy requirements – gNB
…
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).
WF:
FFS: 60KHz and FR2.
...
Measurement accuracy requirements - UE
WF for next meeting:
PRS:
· [bookmark: _Hlk95133985]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
Companies are encouraged to perform first simulation results for the next RAN4 meeting (RAN4#102)
…




Also from [1], but related to simulation assumptions for CSI-RS/TRS UE Rx-Tx Time Difference:


	...
3.1	Simulation assumptions
Table 1 General parameters
	Parameter
	Value

	
	FR1
	FR2

	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)
	· TDDConf.3.1 (120 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
	· 40 GHz
· 50 MHz, 100 MHz, 200 MHz
· 120 kHz
· 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 2 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)
· 30 kHz: 24(10MHz), 52 (20MHz),132 (50MHz), 272 (100MHz)
	· 120 kHz: 32(50MHz), 64 (100MHz),128 (200MHz)

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

	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).




Regarding “FFS: 60KHz and FR2.”. In  R1-2108635 LS in [2]:
Agreements:
Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.  
In R1-2112834 LS in [3]
Ask RAN4 to define the following for RTT-based propagation delay compensation:  
1. UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
1. UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)
1. gNB Rx-Tx time difference absolute accuracy based on SRS (including reuse existing spec if appropriate)

Observation 1: The 15 and 30 kHz SCS from RAN1 LS were for evaluation using control-to-control and smart grid set of requirements. The final LS states no SCS limitations.
Proposal 1: Requirements for PDC shall be stated for all SCS. 
Regarding the issue of:
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)?
We believe, as analyzed in our previous contribution [4], that existing UE Rx-Tx Time Difference requirements in rel-16 TS 38.133 section 10.1.25 can be reused, since the control-to-control and smart grid set of evaluation requirements can be fulfilled.
Observation 2: The control-to-control and smart grid set of evaluation requirements can be fulfilled with rel-16 TS 38.133 section 10.1.25 Ue Rx-Tx Time Difference Measurements requirements.
Proposal 2: Reuse rel-16 TS 38.133 section 10.1.25 Ue Rx-Tx Time Difference Measurements requirements, for UE Rx-Tx time difference measurement accuracy based on PRS. 
Proposal 3: In order to facilitate reuse of rel-16 TS 38.133 section 10.1.25 Ue Rx-Tx Time Difference Measurements requirements, for UE Rx-Tx time difference measurement accuracy based on PRS we can base PDC requirements on 4 samples. 
Also from [1], but related to simulation assumptions for CSI-RS/TRS UE Rx-Tx Time Difference:


	...
3.1	Simulation assumptions
Table 1 General parameters
	Parameter
	Value

	
	FR1
	FR2

	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)
	· TDDConf.3.1 (120 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
	· 40 GHz
· 50 MHz, 100 MHz, 200 MHz
· 120 kHz
· 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 2 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)
· 30 kHz: 24(10MHz), 52 (20MHz),132 (50MHz), 272 (100MHz)
	· 120 kHz: 32(50MHz), 64 (100MHz),128 (200MHz)

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

	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).




Observation 3: Our simulation results are reported in R4-2205419, Simulation results for Propagation Delay Compensation. 
3	Summary
Observation 1: The 15 and 30 kHz SCS from RAN1 LS were for evaluation using control-to-control and smart grid set of requirements. The final LS states no SCS limitations.
Proposal 1: Requirements for PDC shall be stated for all SCS. 
Observation 2: The control-to-control and smart grid set of evaluation requirements can be fulfilled with rel-16 TS 38.133 section 10.1.25 Ue Rx-Tx Time Difference Measurements requirements.
Proposal 2: Reuse rel-16 TS 38.133 section 10.1.25 Ue Rx-Tx Time Difference Measurements requirements, for UE Rx-Tx time difference measurement accuracy based on PRS. 
Proposal 3: In order to facilitate reuse of rel-16 TS 38.133 section 10.1.25 Ue Rx-Tx Time Difference Measurements requirements, for UE Rx-Tx time difference measurement accuracy based on PRS we can base PDC requirements on 4 samples. 
Observation 3: Observation 3: Our simulation results are reported in R4-2205419, Simulation results for Propagation Delay Compensation [5]. 
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