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Background
During RAN4#102
1.10 Enhanced IIoT and URLLC support	[NR_IIOT_URLLC_enh]
1.10.1 General	[NR_IIOT_URLLC_enh-Core]
1.10.2 RRM core requirements	[NR_IIOT_URLLC_enh-Core]
1.10.2.1 Propagation delay compensation enhancements	[NR_IIOT_URLLC_enh-Core]
1.10.2.2 Reference point for Te requirements	[NR_IIOT_URLLC_enh-Core]
1.10.2.3 Others	[NR_IIOT_URLLC_enh-Core]

Email discussion: [101-bis-e][239] NR_IIOT_URLLC_enh_RRM
R4-2206776	Email discussion summary: [102-e][233] NR_IIOT_URLLC_enh 

3 Main topics have been identified for discussion:
· Propagation Delay Compensation Enhancements
· timing reference point for UE UL timing
· UE features for enhanced IIoT and URLLC

Earlier agreed documents
RAN4#101-bis:
· R4-2202782, WF on NR_IIOT_URLLC_enh_RRM
RAN4#101:
· R4-2120335, WF on NR_IIOT_URLLC_enh_RRM
RAN4#100bis:
· R4-2115371, WF on NR_IIOT_URLLC_enh_RRM
RAN4#99: 
· R4-2108368, WF on RRM for NR IIoT and URLLC,
WF on topic#1 Propagation delay compensation enhancements

Following agreement have been reached:
· UE Rx-Tx time difference measurement requirement for PRS:
· RAN4 will define UE Rx-Tx time difference measurement requirement for PRS requirements for 60KHz
· RAN4 will not define PRS-based PDC requirements based on both Rel-16 and Rel-17 PRS
· RAN4 see no need for simulations for defining accuracy requirements. RAN4 will reuse PDC RTT accuracy from R16 defined in TR 38.133-10.1.25.2 for Rel-17 PDC RTT-based method
· Reuse Rel-16 PRS accuracy requirements and number of samples (i.e., 4)
· Define requirements for AWGN conditions.
· Do not consider Rel-17 PRS accuracy requirements for Rel-17 PDC RTT-based method
· UE Rx-Tx time difference measurement requirements for TRS:
· RAN4 will define UE Rx-Tx time difference measurement requirement for TRS requirements for FR2
· RAN4 agree to define UE Rx-Tx time difference measurement requirement for TRS requirements for 60KHz
· Channel model simulation assumptions:
· AWGN
· TDL-A
· 4 TRS resources over 2 slots
· RAN4 agree to send LS to RAN2 group for Rel-17 enhanced IIOT/URLLC on report mapping for UE and gNB Rx-Tx


Following open issues are for discussion in 2nd round:
· UE Rx-Tx time difference measurement requirement for PRS:
· PRS measurement period requirement for PDC RTT
· Define UE Rx-Tx time difference measurement requirement for PRS requirements for FR2
· FFS for requirements for fading conditions
· UE Rx-Tx time difference measurement requirements for TRS
· TRS measurement period requirement for PDC RTT
· FFS for channel model for requirements definition and whether to include both models
· Number of samples assumed for deriving the accuracy requirements
· Test case work for PDC RTT UE Rx-Tx time difference measurement accuracy requirement with TRS/PRS and SRS
Agreement:
· UE Rx-Tx time difference measurement requirement for PRS:
· Define UE Rx-Tx time difference measurement requirement for PRS requirements for FR2
· PRS measurement period for PDC RTT
· PRS measurement period requirement for PDC RTT is defined as
· 
where
· 
· Note: the measurement period can be revisited based on further agreement from RAN1/2 and further RAN4 discussion
· UE Rx-Tx time difference measurement requirements for TRS
· TRS measurement requirement for PDC RTT
· TRS measurement period requirement for PDC RTT is defined as
· 
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.
· Note: the measurement period can be revisited based on further agreement from RAN1/2 and further RAN4 discussion


WF for RAN4#103:
· UE Rx-Tx time difference measurement requirement for PRS:
· FFS for requirements for fading conditions
· gNB Rx-Tx time difference measurement requirement for SRS:
· FFS for requirements for fading conditions
· UE Rx-Tx time difference measurement requirements for TRS
· FFS for channel model for requirements definition and whether to include both models
· Number of samples assumed for deriving the accuracy requirements [1 or 4]
· Interested companies are encouraged to provide simulation results for TRS based PDC for RAN4#103
· Test case work for PDC RTT UE Rx-Tx time difference measurement accuracy requirement with TRS/PRS and SRS

WF on topic#2 Reference point for Te requirements
1 Sub-topic was discussed during the meeting
TP for downlink timing definition
Following is agreed:
· Update the downlink timing definition as follows 
· The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at the UE antenna

Following Issue is still open in 2nd round:
· Further discuss applicable release for the change (e.g., starting from Rel-15 or Rel-17)

Agreement:
· Introduce an updated definition of timing reference point for UE UL timing requirement starting from Rel-17 version of specification


[bookmark: _Hlk95906155]Topic #3: UE features for enhanced IIoT and URLLC
One Issue is still open after 1st round and open for discussion in 2nd round:
Is there a need for RAN4 input to the feature group for Rel-17 enhanced IIOT/URLLC
Agreement:
· There is no need for RAN4 input to the feature group for Rel-17 enhanced IIOT/URLLC

Informative: Simulation assumption

Table containing proposed simulation assumptions based on Rel-16 PRS simulations:
Table 1: General parameters
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	1 severing 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 PRS symbols

	no other cell transmissions in its positioning symbols, except PRS

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

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 10 MHz, 20 MHz, 50 MHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 20 MHz, 50 MHz, 100 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), 
	AWGN,
TDL-C (60 ns delay spread, 300 Hz)

	Es/Iot for tw cells (cell 1, cell 2, cell 3), [dB]
	-3
	-3

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

	UE measurement bandwidth
	Full carrier bandwidth

	NOTE 1: nr-DL-PRS-ReferenceInfo is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).



Table 2: PRS transmission configuration parameters
	Parameter
	Value

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)


	PRS transmission bandwidth (in PRBs) - full carrier BW

	· 15 kHz: 
· 52 (10MHz), 104 (20MHz), 268 (50MHz)
· 30 kHz: 
· 48 (20MHz),132 (50MHz), 272 (100MHz)
	· 120 kHz:
· 32(50MHz),64(100MHz), 128 (200MHz)

	Comb
	Comb-4, comb-6, comb-2 (with muting), comb-12

	PRS periodicity
	40 ms

	DL-PRS-ResourceRepetitionFactor
	1, 2, 4, 16

	PRS-ResourceTimeGap
	1, 2, 4
	1, 8, 16

	PRS muting
	No muting, muting (comb-2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 1
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	Evaluation period
	40 ms, 200 ms

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355). 





Table containing proposed simulation assumptions based on agreed TRS simulations:
Table 1 General parameters (TRS)
	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
· [4] GHz
· 20 MHz, 40 MHz, 100 MHz
· 60 kHz
· FDD, TDD
· [30] GHz
· 40 MHz, 80 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 (TRS)
	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)
· 30 kHz: 24(10MHz), 52 (20MHz),132 (50MHz)
· 60 kHz: 24(20MHz), 64 (50MHz),132 (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)
· 60 kHz: 128(20MHz), 64 (40MHz), 32 (100MHz)
· 60 kHz: 128(40MHz), 64 (80MHz), 32 (200MHz)

	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 



