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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58] Introduction
In the RAN1#95 meeting, the following agreements were reached when discussing the response for the RAN2 LS in [1]. 
Agreements:
· [bookmark: _Hlk530039712]For the LS reply to R1-1812110,
· For latency and reliability evaluation, the IMT-2020 evaluation methodology is followed to provide the analysis on latency and reliability, assuming resources are available to schedule the UE without queueing delay, based on use case I in R1-1812110.
· One-way (gNB-to-UE or UE-to-gNB) latency target is 0.5 ms.
· Reliability requirement: 1e-4 and 1e-6
· Companies may in addition evaluate the highest reliability that can be achieved. But it will be subject to further discussion whether to include such analysis in the LS reply.
· Note: 1e-4 requirement is not intended to change previous RAN1 agreements w.r.t. PDCP in URLLC evaluations
· Further discuss detailed simulation assumptions to determine the 5%-ile worst UL/DL SINR
· Update on Friday, R1-1814279 – see below
· For the analysis of time synchronization accuracy,
· RAN1 analysis only considers Uu interface (i.e., between gNB and a single UE).
· RAN1 does not consider the effects of the granularity & accuracy of the absolute timing indication information by the gNB, and assumes perfect timing is sent by the gNB.
· 100 square meter service area is assumed (as required in TR 22.804 for <1us accuracy).
· Companies may in addition report values for larger service areas / ISDs. But it will be subject to further discussion whether to include such analysis in the LS reply.
Agreements:
· The system level simulation assumptions for factory automation use case 4GHz (as summarized in Table A.2.2-1 in R1-1814025) should be reused when applicable, with the following modifications:
	Parameter 
	Value 

	Network layout 
	A single cell placed in the middle of 15 m x 15 m area 

	UE dropping 
	Uniformly dropped over the 15 m x 15 m area 



· The link level simulation assumptions for factory automation use case 4GHz (as summarized in Table A.3-2 in R1-1814025) should be reused when applicable, with the following modifications:
	Parameter
	Value

	Channel model
	TDL-D 30ns

	UE speed
	3km/h

	Payload size for PDSCH/PUSCH
	50 bytes

	PDCCH aggregation level
	16


[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK71][bookmark: OLE_LINK72]In this contribution, we discuss and evaluate the latency analysis based on ITU method, reliability for PDCCH/PUSCH/PDSCH, as well as the time synchronization accuracy of Uu interface and time synchronization accuracy among UEs.
1.  Latency analysis
The user plane latency analysis of DL and ULare shown in from Table-1 to Table-4, respectively, based on the ITU evaluation [2] method. Grant-free PUSCH is used for the uplink UP latency analysis . In TDD, the slot format configuration with D:S:U = 7:1:6 is assumed. PDCCH can be transmitted on each of the DL symbols in a slot. 
Table-1: Downlink UP latency in FDD
	
	15k SCS
	30k SCS
	60k SCS

	PDSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	gNB processing(PDCCH/PDSCH preparation)
	2.5
	2.5
	2.5
	2.75
	2.75
	2.75
	5.5
	5.5
	5.5

	PDCCH alignment
	0.57
	0.93
	2
	0.57
	0.93
	2
	0.57
	0.93
	2

	PDCCH duration(overlap with PDSCH)
	0
	0
	0
	0
	0
	0
	0
	0
	0

	PDSCH duration
	2
	4
	7
	2
	4
	7
	2
	4
	7

	PDCCH/PDSCH decoding at UE
	2.5
	2.5
	1.5
	3.25
	3.25
	2.25
	5.5
	5.5
	4.5

	Total latency
	0.54
	0.71
	0.93
	0.31
	0.39
	0.50
	0.24
	0.28
	0.34



Table-2: Uplink UP latency in FDD
	
	15k SCS
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	UE processing(PUSCH preparation)
	2.5
	2.5
	2.5
	2.75
	2.75
	2.75
	5.5
	5.5
	5.5

	PUSCH alignment
	1
	2.36
	3.5
	1
	2.36
	3.5
	1
	2.36
	3.5

	PUSCH duration
	2
	4
	7
	2
	4
	7
	2
	4
	7

	PUSCH decoding at gNB
	1.5
	1.5
	1.5
	2.25
	2.25
	2.25
	4.5
	4.5
	4.5

	Total latency
	0.50
	0.74
	1.04
	0.29
	0.41
	0.55
	0.23
	0.29
	0.37



Table-3: Downlink UP latency in TDD
	
	15k SCS
	30k SCS
	60k SCS

	PDSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	gNB processing(PDCCH/PDSCH preparation)
	2.5
	2.5
	2.5
	2.75
	2.75
	2.75
	5.5
	5.5
	5.5

	PDCCH alignment
	3.07
	4.36
	7
	3.07
	4.36
	7
	3.07
	4.36
	7

	PDCCH duration(overlap with PDSCH)
	0
	0
	0
	0
	0
	0
	0
	0
	0

	PDSCH duration
	2
	4
	7
	2
	4
	7
	2
	4
	7

	PDCCH/PDSCH decoding at UE
	2.5
	2.5
	1.5
	2.25
	2.25
	2.25
	5.5
	5.5
	4.5

	Total latency
	0.72
	0.95
	1.29
	0.40
	0.51
	0.68
	0.29
	0.35
	0.43



Table-4: Uplink UP latency in TDD
	
	15k SCS
	30k SCS
	60k SCS

	PUSCH duration
	2OS
	4OS
	2OS
	4OS
	2OS
	4OS

	UE processing(PUSCH preparation)
	2.5
	2.5
	2.75
	2.75
	5.5
	5.5

	PUSCH alignment
	2.71
	7
	2.71
	7
	2.71
	7

	PUSCH duration
	2
	4
	2
	4
	2
	4

	PUSCH decoding at gNB
	1.5
	1.5
	2.25
	2.25
	4.5
	4.5

	Total latency
	0.62
	1.07
	0.35
	0.57
	0.26
	0.38


Observation 1: 
· In FDD, the UP latency can meet the 0.5ms requirement under following configurations
· For downlink, TTI duration is 2, 4, 7 OS at SCS 30kHz and 60kHz. 
· For uplink, TTI duration is 2 OS at SCS 15kHz, 2, 4 OS at SCS 30kHz and 2, 4, 7 OS at SCS 60kHz 
· In TDD with D:S:U = 7:1:6 symbols in one slot, the UP latency can meet the 0.5ms requirement under following configurations
· For downlink, TTI duration is 2 OS at SCS 30kHz and 2, 4, 7 OS 60kHz. 
· For uplink, TTI duration is 2 OS at SCS 30kHz and 2, 4 OS 60kHz. 
1.  Reliability evaluation
· PDCCH performance
[bookmark: OLE_LINK87][bookmark: OLE_LINK15]As for PDCCH, we evaluate the NR PDCCH with DCI payload size = 40bits and aggregation level = 16 CCEs. The simulation result is shown in Figure-1, and the corresponding simulation assumptions are provided in Appendix Table-A1.
[image: ]
Figure-1: Link Performance of PDCCH
· PUSCH/PDSCH performance
Based on the latency analysis discussed above, TTI duration with 4OS at 30kHz can meet UP latency requirement. In details, DMRS is mapped on haft of the REs in the first symbol of the TTI, the rest half of REs in this symbol are used for data. Then, a transmission with MCS2 (SE=0.0977) with 100RB could be assumed. In this section, we evaluate the link performance of PUSCH/PDSCH with above assumptions to find the operating SINR to achieve to target reliability. 
Figure-1 gives the simulation result for PUSCH and the corresponding simulation assumptions are listed in Appendix Table-A1. Since the simulation is based on CP-OFDM, a similar performance can be expected for PDSCH when the simulation parameters are the same.
[image: ]
Figure-2: Link Performance of PUSCH
· 5%-ile UL/DL SINR
[image: ]
Figure-3: CDF of geometry SINR for factory automation
Based on the SLS evaluation, the 5th percentile SINR for factory automation for DL and UL is -3.38dB and -2.74 dB respectively. As shown in Figure-1 and Figure-2, the required SINR to satisfy the the target BLER at 10^-6 is about -6dB for PUSCH/PDSCH and is less than -8dB for PDCCH in the simulated cases. That is to say, both Rel-15 NR PUSCH/PDSCH and PDCCH can meet the reliability requirements of URLLC for carrier frequencies 4 GHz.
Observation 2:
· [bookmark: _GoBack] Rel-15 NR PUSCH/PDSCH (with payload size = 50 Bytes @ MCS=2) can meet the reliability requirement of 99.9999% at 4 GHz.
·  Rel-15 NR PDCCH (with DCI payload size = 40 bits and AL= 16 CCEs) can meet the reliability requirement of 99.9999% at 4 GHz.
1. Time synchronization accuracy of Uu interface
In last meeting, the TSN requirements from RAN2 LS[1] was discussed. Several companies’ contributions [3][4][5][6] had analyzed the time synchronization accuracy. From our viewpoints, the components which impact the timing accuracy at the UE over Uu are almost the same with other companies. The main factors of the time synchronization accuracy are:
· gNB transmit time alignment error (TAE): This is the transmit time alignment error of different transmitters branches at the gNB. The value is defined in TS38.104[7]. The typical value of BS timing error caused by TAE can be seen as within ±65ns. 
· DL timing estimation and UE transmit timing error (Te): This timing error includes two parts: the DL timing estimation error and UE transmitting timing error. The timing error requirement can also be found in the Table 7.1.2-1 of 38.133 [8]. For the 3 typical SCS settings, the Te value can be as ±12*64*Tc , ±8*64*Tc and ± 7*64*Tc for 15KHz, 30KHz and 60KHz respectively.
· [bookmark: _Hlk528413243]gNB receiving timing estimation error (Error_ULRX): This is the timing error when gNB conducts the UL timing estimation. The accuracy of the estimation is mainly related to the SRS/UL DMRS bandwidth and the actual implementation. More wide the RS, more accurate the detection is. We think the typical value is about 100ns in the 20MHz bandwidth case.
· [bookmark: _Hlk528413276]Timing advance granularity (TAG): This is the TA command granularity. The indication granularity is , and the error can be regarded as .
· Timing Advance adjustment accuracy (TAAA): This is the real TA adjustment capability from UE aspect and can be deduced from 38.133[8]. For SCS=15,30,60,120 kHz, the accuracy are {±256 Tc , ±256 Tc , ±128 Tc , ±32 Tc }. The TA accuracy estimation should be added on the TAG. 
· The UL/DL propagation delay difference (PDD)：This is from the asymmetric UL & DL propagation delay in FDD band. In 100m2 scenario, the cell radius is very small. For such small cell, it is most likely to be the indoor scenario. We use the TDL-D channel model with 30ns delay spread to evaluate this timing error.
As these timing error components are all merged into the procedure of Timing Adjustment which defined in 38.213[9], only half of these timing errors will be aggregated into the Uu interface timing accuracy. Just like this: Uu timing error = 0.5*( TAE+ Te+ Error_ULRX+ TAG+TAAA+PDD})
For typical SCS, the Uu timing error results are illustrated in Table 5. 
Table 5: Uu timing error results
	
	15kHz
	30kHz
	60kHz
	120KHz

	TAE
	65ns
	65ns
	65ns
	65ns

	Te
	391ns
	260ns
	228ns
	114ns

	Error_ULRX
	100ns
	100ns
	100ns
	100ns

	TAG
	260ns
	130ns
	65ns
	32.5ns

	TAAA
	130ns 
	130ns 
	65ns 
	16.25ns

	PDD
	30ns
	30ns
	30ns
	30ns

	Uu timing error
	488ns
	357.5ns
	276.5ns
	178.9ns


Note: the SCS is for the uplink signal.
From above results of Uu timing error, all values are under 500ns, it means the time synchronization accuracy meets the requirement of 1us from RAN1 aspect. But for 15KHz, if the granularity of the absolute timing indication maintain 250ns in RAN2, the overall time synchronization accuracy can’t satisfy the requirement. Enhancement of the time synchronization accuracy on the 15KHz could be considered. The simple way is to enhance the timing advance granularity, This need more bits overhead on TA indication to keep the same coverage requirement.
Observation 3: The Uu timing errors are evaluated and can satisfy the TSN requirement from RAN1 aspect.
Proposal 1: If 15KHz SCS is needed in factory automation scenario, enhancement of the time synchronization accuracy on 15KHz SCS could be considered.
1. Time synchronization accuracy among UEs without TA adjustment
From the analysis of above chapter, we get the Uu timing error. This error estimation is based on the TA adjustment, actually it aligns the UL receiving timing among all the UEs. While the TA adjustment will not affect the internal clock and timer of each UE, this means the analysis of Uu timing error is not enough. In addition, we need evaluate the time synchronization accuracy between UEs in automation cases and etc., especially the DL receiving timing error among the UEs where the DL receiving timing decides the internal reference timing of UEs. 
Furthermore, for the 100m2 scenario, the cell radius is very small. In theory, the step of TA adjustment is too big compared with the small round-trip delay. That is the TA command could always be 0 and will not affect the uplink receiving performance as the residual time error is much smaller than the CP length. Then for time synchronization accuracy among UEs, we could only consider the downlink reception timing error.
The components which impact the timing accuracy at the UE reception include:
· gNB transmit time alignment error (TAE): This is the transmit time alignment error of different transmitter branches at the gNB. The value is defined in TS38.104[7]. The typical value of BS timing error caused by TAE can be seen as within ±65ns. If the signals to UEs are from the same RF chain in gNB, the TAE can be ignored in the evaluation.
· DL timing estimation error (Error_DL): This timing error only represents the DL timing estimation error. Simply, the downlink timing estimation error is the reciprocal value of the bandwidth of PSS/SSS signals which have 127REs. When the SCS of the SS signals equals {15KHz, 30KHz, 120KHz, 240KHz }, the DL timing estimation error is {±262ns, ±131ns, ±66ns, ±33ns}.
· Propagation delay (Pd): For the 100m2 area, if the gNB coverage is a circular shape, the cell radius is 5.6m which leads to a 19ns maximum single trip propagation delay.
· Channel delay spread (Ds): For such small cell, it is most likely to be the indoor scenario. We use the TDL-D channel model with 30ns delay spread to evaluate the timing error.
Overall, the downlink reception timing error can be the aggregation of {TAE(optional), Error_DL, Pd, Ds}..For different SS SCS, the timing errors are illustrated in Table 6. 
Table 6: Downlink reception timing error
	
	15kHz
	30kHz
	120kHz
	240KHz

	TAE
	±65ns
	±65ns
	±65ns
	±65ns

	Error_DL
	±262ns
	±131ns
	±66ns
	±33ns

	Pd
	19ns
	19ns
	19ns
	19ns

	Ds
	30ns
	30ns
	30ns
	30ns

	Timing error
	[-278ns,376ns]
	[-147ns,245ns]
	[-82ns,180ns]
	[-49ns,147ns]


If we only consider the downlink reception timing error regardless involving TA, the UE-UE timing error can be [278+376]=654ns at most in SCS=15KHz case and satisfy the TSN requirement even though adding the timing accuracy of gNB absolute timing indication.
The analysis is based on the SSB measurement, if the CSI-RS measurement is used, the downlink reception timing error will be finer.
Observation 4: In case of considering the downlink reception timing error regardless involving TA, the UE-UE timing error can satisfy the TSN requirement.
1. Conclusions
In summary, the following observations and proposals have been made:
Observation 1: 
· In FDD, the UP latency can meet the 0.5ms requirement under following configurations
· For downlink, TTI duration is 2, 4, 7 OS at SCS 30kHz and 60kHz. 
· For uplink, TTI duration is 2 OS at SCS 15kHz, 2, 4 OS at SCS 30kHz and 2, 4, 7 OS at SCS 60kHz 
· In TDD with D:S:U = 7:1:6 symbols in one slot, the UP latency can meet the 0.5ms requirement under following configurations
· For downlink, TTI duration is 2 OS at SCS 30kHz and 2, 4, 7 OS 60kHz. 
· For uplink, TTI duration is 2 OS at SCS 30kHz and 2, 4 OS 60kHz. 
Observation 2:
·  Rel-15 NR PUSCH/PDSCH (with payload size = 50 Bytes @ MCS=2) can meet the reliability requirement of 99.9999% at 4 GHz.
·  Rel-15 NR PDCCH (with DCI payload size = 40 bits and AL= 16 CCEs) can meet the reliability requirement of 99.9999% at 4 GHz.
Observation 3: The Uu timing errors are evaluated and can satisfy the TSN requirement from RAN1 aspect.
Observation 4: In case of considering the downlink reception timing error regardless involving TA, the UE-UE timing error can satisfy the TSN requirement.
Proposal 1: If 15KHz SCS is needed in factory automation scenario, enhancement of the time synchronization accuracy on 15KHz SCS could be considered.
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Appendix
Table-A1: Link-level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	SCS
	30kHz

	Carrier Frequency
	4GHz

	System bandwidth
	40 MHz

	Channel model
	TDL-D 30ns

	UE speed
	3km/h

	Antenna Configuration
	PUSCH/PDSCH: 1Tx, 4Rx
PDCCH: 4Tx, 4Rx

	Receiver Type
	MMSE

	 PUSCH/PDSCH
	Payload size 
	50 bytes

	
	Number of OFDM symbols
	4, with 1 front-loaded DMRS

	
	Number of PRB 
	100

	
	Channel Coding
	LDPC

	
	Modulation
	QPSK

	
	Waveform
	CP-OFDM

	PDCCH
	Number of symbols for CORESET
	2

	
	PDCCH aggregation level
	16

	
	DCI payload (excluding 24bits CRC)
	40bits for fallback DCI

	
	Transmission type
	Interleaved(R=3 for 3OS,others,R=2)

	
	REG bundling size
	6

	
	Modulation 
	QPSK

	
	Channel Coding
	Polar Code

	
	Transmission Scheme
	1-port precoder cycling
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