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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
An LS on Time Sensitive Networking (TSN) requirements evaluation was received from RAN2#103bis meeting [1] with the following action to RAN1:
ACTION: RAN2 respectfully asks RAN1 to take the above information into account and:
· provide feedback on whether 0.5 ms latency target can be achieved using current NR specification and/or enhancements considered as part of L1 URLLC enhancements SI.
· provide feedback on what the achievable time synchronization accuracy over Uu interface, considering the synchronicity requirements of TSN networks as mentioned in TR 22.804
In the RAN1#95 meeting, the assumptions of the evaluation/analysis for the latency/reliability/timing accuracy have been agreed [2].
[bookmark: _Hlk530039712]Agreements: 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
· See below update made on Friday
· 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: _Ref519591337][bookmark: _Ref129681832]The contribution discusses the above questions from RAN2 on latency and time synchronization accuracy.
Availability and latency
It was raised by some companies that the reliability requirement in PHY layer can be relaxed due to RAN2 PDCP duplication, thus the latency can be achieved by RAN1 technologies with relatively loose reliability target while the reliability can be guaranteed by PDCP duplication. However, there are two issues for PDCP duplication.
One point is that PDCP may be less efficient on resource utilization in contrast with RAN1 transmission techniques such as link adaptation. One example is that RAN1 adaptive retransmission is resource efficient than PDCP duplication which always needs to occupy twice resources regardless channel status. Another example is that RAN1 soft combining outperforms PDCP duplication in terms of reliability. Therefore, PDCP duplication is not always the best choice, especially for some Rel-16 URLLC use cases with bandwidth greedy traffic type which requires both latency and efficiency.
The other point is that PDCP duplication is not always available for practical network deployment such as single carrier case. This is also the RAN1 conclusion drawn in #94bis meeting [3] as shown below:
Conclusion:
· PDCP duplication is not evaluated in RAN1 in this study item. 
· PDCP duplication is not always available/applicable. 
· Rel-15 higher layer mechanisms PDCP duplication may be applicable for improving reliability.
Proposal 1: The RAN1 conclusion that PDCP duplication is not always available/applicable should be included in the LS reply.
As an alternative, both latency and reliability can be guaranteed by RAN1 technologies. In the following, we will provide analysis to convince that 0.5 ms UP latency with 1e-6 reliability target can be satisfied from RAN1 perspective under some certain configurations.
Analysis on latency from RAN1 perspective
For Rel-15, 0.5ms user plane (UP) latency can be met but under some certain UE capability and configurations (SCS value, transmission length, resource mapping type, UL transmission type, UE capability, etc.). According to the analysis in TR 37.910 [4], the latency is provided as following for DL UP latency and UL UP latency, respectively, where initial transmission probability p=0 means that the initial transmission is always correctly received, while p=0.1 means 10% failing probability for the initial transmission, under which case the retransmission would be triggered. The cases that can satisfy the 0.5ms UP latency for DL and UL are highlighted in the following table. As a brief summary, taking p=0.1 as a realistic scenario, these cases include:
· DL
· SCS=30kHz, UE capability 2, resource mapping type B, transmission duration=2OS or 4OS
· SCS=60kHz, UE capability 2, resource mapping type A or B, transmission duration=2OS, 4OS, or 7OS
· UL (with configured grant)
· SCS=30kHz, UE capability 2, resource mapping type B, transmission duration=2OS
· SCS=60kHz, UE capability 2, resource mapping type A or B, transmission duration=2OS, 4OS, or 7OS
Table 1 Observations for user plane latency of TR 37.910 [4]
	For NR FDD, the evaluation results assuming an initial transmission error probability of p=0 and p=0.1 are provided in Table 5.7.1.1.1-2.
Table 5.7.1.1.1-2 DL user plane latency for NR FDD (ms)
	DL user plane latency – NR FDD
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.37
	0.76
	0.54
	0.34
	1.00
	0.55
	0.36

	
	
	p=0.1
	1.58
	0.87
	0.64
	0.40
	1.12
	0.65
	0.41

	
	M=7 (7OS non-slot)
	p=0
	1.49
	0.82
	0.57
	0.36
	1.12
	0.61
	0.39

	
	
	p=0.1
	1.70
	0.93
	0.67
	0.42
	1.25
	0.71
	0.44

	
	M=14 (14OS slot)
	p=0
	2.13
	1.14
	0.72
	0.44
	1.80
	0.94
	0.56

	
	
	p=0.1
	2.43
	1.29
	0.82
	0.51
	2.00
	1.04
	0.63

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	0.98
	0.56
	0.44
	0.29
	0.49
	0.29
	0.23

	
	
	p=0.1
	1.16
	0.67
	0.52
	0.35
	0.60
	0.35
	0.28

	
	M=4 (4OS non-slot)
	p=0
	1.11
	0.63
	0.47
	0.31
	0.66
	0.37
	0.27

	
	
	p=0.1
	1.30
	0.74
	0.56
	0.36
	0.78
	0.45
	0.32

	
	M=7 (7OS non-slot)
	p=0
	1.30
	0.72
	0.52
	0.33
	0.93
	0.51
	0.34

	
	
	p=0.1
	1.49
	0.83
	0.61
	0.39
	1.08
	0.59
	0.40


<Omitted>
For NR FDD, the evaluation results assuming an initial transmission error probability of p=0 and p=0.1 are provided in Table 5.7.1.1.2-2.
Table 5.7.1.1.2-2 UL user plane latency for NR FDD with grant free transmission (ms)
	UL user plane latency (Grant free) – NR FDD
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.57
	0.86
	0.59
	0.37
	1.20
	0.65
	0.41

	
	
	p=0.1
	1.78
	1.01
	0.69
	0.43
	1.39
	0.75
	0.47

	
	M=7 (7OS non-slot)
	p=0
	1.68
	0.91
	0.61
	0.38
	1.30
	0.70
	0.43

	
	
	p=0.1
	1.89
	1.06
	0.71
	0.44
	1.50
	0.80
	0.49

	
	M=14 (14OS slot)
	p=0
	2.15
	1.15
	0.73
	0.44
	1.80
	0.94
	0.56

	
	
	p=0.1
	2.45
	1.30
	0.84
	0.51
	2.00
	1.06
	0.63

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	0.96
	0.55
	0.44
	0.28
	0.52
	0.30
	0.24

	
	
	p=0.1
	1.14
	0.65
	0.52
	0.34
	0.62
	0.36
	0.28

	
	M=4 (4OS non-slot)
	p=0
	1.31
	0.72
	0.52
	0.33
	0.79
	0.43
	0.30

	
	
	p=0.1
	1.50
	0.84
	0.61
	0.39
	0.96
	0.55
	0.37

	
	M=7 (7OS non-slot)
	p=0
	1.40
	0.77
	0.55
	0.34
	1.02
	0.55
	0.36

	
	
	p=0.1
	1.60
	0.89
	0.63
	0.40
	1.19
	0.64
	0.42

	
	M=14 (14OS slot)
	p=0
	2.14
	1.14
	0.74
	0.44
	1.81
	0.93
	0.56

	
	
	p=0.1
	2.44
	1.30
	0.84
	0.51
	2.01
	1.03
	0.63






Observation 1: The requirements on 0.5ms UP latency can be fulfilled under at least some Rel-15 NR configurations from RAN1 perspective. E.g., 0.5ms latency can be achieved for 30kHz or 60 kHz SCS, 2OS or 4OS mini-slot transmission, resource mapping type B, and UL transmission with configured grant under UE capability #2.
The objective for the Rel-16 study item on physical enhancements for NR URLLC described in the SID is as:
Establishing the baseline performance achievable with Release 15 URLLC considering the prioritized URLLC use cases identified in the justification section. Besides the baseline Release 15 URLLC performance, the study will investigate the necessary improvement as listed in this section for the prioritized URLLC use cases in the justification section and how to meet the requirements for those use cases in Release 16 with higher requirements, such as:
· Higher reliability (up to 1E-6 level), higher availability, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
· Relevant development in other work and study items to be taken into account.
It is observed that the design objective of Rel-16 NR URLLC for the RAN reliability and latency is at the level of 1E-6 & 0.5ms~1ms. So it can be expected that some of the requirements defined in [5] should be fulfilled, however, it should be also noted that the full-scale performance may be evaluated during the study. 
According to the #95 meeting agreements, evaluations are to be performed to justify which reliability level it can be achieved under the cases where the 0.5ms latency requirement can be met. In our companion contribution, we evaluated the PDCCH reliability performance under 4GHz band, where the numerology is assumed as 30kHz SCS and 1OS CORESET. It can be observed that 1e-6 reliability can be achieved at the 5%-tile SINR UE for single link DL transmission.
Observation 2: The evaluations show that the 1e-6 reliability target can be achieved under the cases of 30kHz SCS, which can guarantee the 0.5ms latency.
Proposal 2: To send an LS reply to RAN2: Although it is one way to guarantee the latency by RAN1 technologies while guaranteeing the reliability by RAN2 PDCP duplication, an essential problem is that PDCP duplication is not always available and is not always the best choice. Instead, both the requirements of 0.5ms UP latency and 1e-6 reliability can be fulfilled under at least some specific Rel-15 NR configurations from RAN1 perspective. E.g., 0.5ms latency can be achieved for 30kHz or 60 kHz SCS, 2OS or 4OS mini-slot transmission, resource mapping type B, and UL transmission with configured grant under UE capability #2.
[bookmark: _Ref525912197]Clock synchronization accuracy
In SA1 meeting #84, the requirements for clock synchronization service have been further clarified and updated as follows:
[image: ]
It can be seen that the requirement of 1us accuracy exists both in the urban macro scenario (electrical power distribution) and indoor scenario (factory automation), so both indoor and urban cases are considered in our evaluation. 
According to the TR38.824, the ISD of 20m and 500m are considered for factory and electrical power distribution industry respectively, and the corresponding cell radius are about 15m and 350m. 
Moreover, we consider two options in UE processing method, i.e. compensating the obtained time from gNB with the downlink propagation delay or not. 
Observation 3: SA1 has updated the service area for the requirement of 1us accuracy, i.e. both 100m*100m and 20km2 are included in the typical use cases.
[bookmark: _Ref533150469]Timing accuracy between gNB and UE
The time synchronization between gNB and UE can be obtained basically through three steps. The first step is the reference time information (denoted by ) delivery, the second step is the downlink frame timing applied by UE, denoted by , and the third step, if any, is the estimation of downlink propagation delay, denoted by . The basic mechanism of time synchronization between gNB and UE can be expressed as the equation below. That is, the time clock of UE is equal to the received time clock of gNB or further plus the downlink propagation delay. A simple illustration of the basic mechanism can be found in Figure 1.


[image: ]
[bookmark: _Ref525912510]Figure 1: Illustration of time synchronization mechanism
So, the error of time synchronization between UE and gNB can be analyzed by analyzing the error of each item in the equation respectively.
[bookmark: _Ref520193027]BS timing error
The frame timing accuracy of the gNB transmitter can refer to the Time Alignment Error (TAE) which is defined in TS38.104 [6] as a requirement for the base station. This requirement applies to the frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. This requirement is defined because the frames of the NR signals present at the BS transmitter antenna connectors or TAB connectors are not perfectly aligned in time, and the RF signals present at the BS transmitter antenna connectors or transceiver array boundary may experience certain timing differences in relation to each other. In a sense, the inaccurate frame timing of the BS is caused by the misalignment of the BS transmitter timing in different antenna connectors or transceiver array boundary in different transmitting occasions. So the frame timing accuracy can be seen as the same as the TAE. 
According to the description in the TS38.104 [6] as shown below, there are various requirements for the TAE under different cases. Without loss of generality, the strictest requirement can be used for the time synchronization case since it represents the BS ability at a single carrier frequency. Then the BS timing error can be seen as within +/-65ns. 
[image: ]

Error related to UE timing
The downlink frame timing at the UE receiver represents the arrival time of the downlink signal, and is obtained via detecting the downlink signal of the reference cell. The requirement of UE initial transmit timing error, denoted by Te, has been defined in TS 38.133 [7], and represents the uplink transmission timing error of UE in a DRX cycle for PUCCH, PUSCH, SRS, or PRACH transmission. It mainly includes the detecting error of downlink signal by the UE, and also includes the implementation error of the UE due to the internal processing jitter. Both of these factors have impact on the final timing accuracy between gNB and UE. So basically the time error related to UE timing can be seen as same as Te.
According to the description in TS 38.133 [7], Te has various values under different scenarios. We can use the values +/-12*64*Tc, +/- 10*64*Tc and +/- 7*64*Tc as typical values for SCS 15kHz, 30kHz and 60kHz respectively. 

[image: ]
[bookmark: _Ref519583545]Error related to DL propagation delay for w/o TA compensation
The maximum possible propagation delay can be expressed as follows, where R represents the cell radius and C is the velocity of light.

So we have:


Error related to DL propagation delay for TA compensation
[bookmark: OLE_LINK5]UE decides the downlink propagation delay according to the TA value obtained from TA command sent by gNB. According to the current TA mechanism in Rel-15 NR, the TA command delivery is realized by implementation. That is, gNB decides, by realization, when to deliver the TA command to UE, and UE may re-obtain the TA value after the TA-alignment timer expires according to the specification. At worst case, the TA accuracy can be seen as about half of CP length since gNB may trigger the TA command delivery after one or several uplink demodulation failures. At best case, it can be assumed that gNB can deliver the TA command to UE in time and the accuracy relies on the detailed TA processing which is analyzed as follows. Since the TA command delivery belongs to the behavior which gNB has the ability to control, it is assumed that gNB can deliver the TA command in time at least to the UEs which have a requirement of high accuracy time synchronization. The analysis below is applied based on this assumption.
· [bookmark: _Ref520196243]Asymmetry between downlink and uplink channel
UE estimates the downlink propagation delay as half of the TA value obtained from gNB, which introduces error due to the asymmetry between downlink and uplink propagation delay. In TDD system, the downlink and uplink channel fading can be seen to be strongly correlated with each other while the time gap between them is short enough. The asymmetry between downlink and uplink propagation delay is mainly due to the difference in small scale fading. In FDD systems, the situation is a little worse since the downlink and uplink signal are transmitted at different carrier frequencies. In general, devices in a factory or electric system have low mobility, so it can be assumed that the downlink and uplink channel with time gap of dozens of milliseconds have the same large scale fading. Then the asymmetry is mainly caused by the change of multi-path distribution. 
We made a simple simulation to see the asymmetry of the multi-path distribution between downlink and uplink channel with various time gaps. The simulation assumptions are listed in Table 2, and the simulation result for TDL-C case is shown in Figure 2. For the TDL-D case, we observed that the asymmetry is almost zero since it is constructed for LOS.
It can be found that the typical asymmetry between downlink and uplink channel multi-path distribution is about 160ns in outdoor. So we can assume the asymmetry between downlink and uplink propagation delay as:


[bookmark: _Ref520129799]Table 2: Simulation assumptions
	Duplexing mode
	TDD

	Channel model
	TDL-C

	Frequency carrier
	4 GHz

	Mobility
	3 km/h

	RMS
	300ns

	AWGN
	Ideal, no noise

	Metric
	First path detected



[image: ]
[bookmark: _Ref533433552]Figure 2: Simulation result of asymmetry versus time gap, TDL-C

· BS detecting error
BS decides the value of the TA for a certain UE by detecting the reference signal (e.g. SRS) sent by the UE, so the detecting error impacts the final accuracy of the time synchronization. The detecting performance of SRS in Rel-15 NR is simulated as follows. The simulation assumptions are listed in Table 3, and the simulation results are provided in Figure 3. 
It can be found that the SRS detecting accuracy is within about +/- 130ns for 99% confidence with 20MHz bandwidth for TDL-C channel model (i.e. outdoor), and +/- 33ns for TDL-A channel model (i.e. indoor). 



[bookmark: _Ref520191178]Table 3: Simulation assumptions
	Channel model
	TDL-C/TDL-D

	Frequency carrier
	4 GHz

	Mobility
	3 km/h

	Bandwidth
	40MHz

	SCS
	30kHz

	RMS
	300 ns for TDL-C
30 ns for TDL-D

	Resource allocation
	1 OFDM symbol per slot

	AWGN
	SNR = -7dB for TDL-C
SNR = -2dB for TDL-D

	Metric
	First-path detection



[image: ]
[image: ]
[bookmark: _Ref520191310]Figure 3: SRS detection performance
· [bookmark: _Ref520196253]Indicating error
The indicating granularity of TA command causes additional error, which can be as large as half of the indicating granularity. According to 38.213[8], the TA indicating granularity is , so the indicating error can be assumed as .
 for 15kHz
 for 30kHz
 for 60kHz
· Downlink frame timing error
Besides the three aspects which have been discussed above, the downlink frame timing error (Te) also impacts the accuracy of the estimation for downlink propagation delay . As shown in Figure 4, the estimated TA equals the correct TA plus Te without regard to other factors.
[image: ]
[bookmark: _Ref520214981]Figure 4: Te impacts the TA estimating accuracy
· Summary
In general, the error in TA estimation is composed of BS detecting error, TA indicating error, and downlink frame timing error. The total error of TA estimation is calculated as:

Since the downlink propagation delay  is gotten from the following equation sets:

The downlink propagation delay  is calculated as:
.
Then the error of the downlink propagation delay  is:

Total error
According to the analysis above, the final error of the time synchronization between UE and gNB is calculated as follows:






with TA compensation: 

w/o TA compensation: 

The total error of the time synchronization can be calculated as follows:
[bookmark: _Ref533150849]Table 4: Time synchronization accuracy between gNB and UE (not including the granularity)
	Timing accuracy between gNB and UE (+/- ns)
	SCS 15kHz
	SCS 30kHz
	SCS 60kHz

	Indoor (ISD 20m)
	with TA compensation
	407
	309
	228

	
	w/o TA compensation
	506
	441
	343

	Outdoor (ISD 500m)
	with TA compensation
	536
	438
	357

	
	w/o TA compensation
	1626
	1561
	1463



Observation 4: If UE does not compensate the obtained reference time information from gNB, the maximum possible time error between gNB and UE (not considering the granularity) is at the level of 1.5us for outdoor case.
The results provided above are not including the granularity & accuracy of the absolute timing indication information by the gNB, i.e. assuming perfect timing is sent by the gNB. 
In addition, we further consider the effect of the granularity in the total error analysis between gNB and UE. It can be easily understood that the granularity averagely contributes about +/-granularity/2 to the total error. So the time clock synchronization accuracy considering the effect of the granularity can be obtained based on Table 4 as:
 Table 5: Time synchronization accuracy between gNB and UE (including the granularity)
	Timing accuracy between gNB and UE (+/- ns)
	SCS 15kHz
	SCS 30kHz
	SCS 60kHz

	Indoor (ISD 50m)
	with TA compensation
	407+ granularity/2
	309+ granularity/2
	228+ granularity/2

	
	w/o TA compensation
	506+ granularity/2
	441+ granularity/2
	343+ granularity/2

	Outdoor (ISD 500m)
	with TA compensation
	536 + granularity/2
	438 + granularity/2
	357 + granularity/2

	
	w/o TA compensation
	1626 + granularity/2
	1561 + granularity/2
	1463 + granularity/2



Clock synchronization accuracy between UEs
Considering the practical requirement for the time synchronization accuracy is between UEs, so in this section we further analyze the time synchronization accuracy between two different UEs based on the results in 3.1.
We consider two possible scenarios here, i.e. the two UEs are under same or different BSs. For UEs which are under the same BS, the time reference delivery granularity does not have impact on the time clock synchronization accuracy between the two UEs, because they receive the same time reference information from one common BS. And the time clock offset between the UEs can be seen as double of the offset between each UE and the BS, since they are independently synchronized to the BS. 
For UEs which are under different BSs, the time reference delivery granularity has impact on the time clock synchronization accuracy between the two UEs. Moreover, the time clock offset between their BSs also impacts the accuracy. Since the time synchronization issue between BSs is out of the scope of RAN1, we just assumes it is a variable and denotes it by w.
The summary is listed in 
Table 6: Time synchronization accuracy between UEs under the same BS
	Timing accuracy between UEs (+/- ns)
	SCS 15kHz
	SCS 30kHz
	SCS 60kHz

	Indoor (ISD 50m)
	with TA compensation
	814
	618
	456

	
	w/o TA compensation
	1012
	882
	686

	Outdoor (ISD 500m)
	with TA compensation
	1072
	876
	714

	
	w/o TA compensation
	3252
	3122
	2926



Table 7: Time synchronization accuracy between UEs under different BSs
	Timing accuracy between UEs (+/- ns)
	SCS 15kHz
	SCS 30kHz
	SCS 60kHz

	Indoor (ISD 50m)
	with TA compensation
	[bookmark: OLE_LINK3]814+granularity+w
	618+granularity+w
	456+granularity+w

	
	w/o TA compensation
	1012+granularity+w
	882+granularity+w
	686+granularity+w

	Outdoor (ISD 500m)
	with TA compensation
	1072+granularity+w
	876+granularity+w
	714+granularity+w

	
	w/o TA compensation
	3252+granularity+w
	3122+granularity+w
	2926+granularity+w



Conclusions
In this paper, the requirements defined in TR22.804 for TSN operation in the 5G system are discussed and the following observations and proposal are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The requirements on 0.5ms UP latency can be fulfilled under at least some Rel-15 NR configurations from RAN1 perspective. E.g., 0.5ms latency can be achieved for 30kHz or 60 kHz SCS, 2OS or 4OS mini-slot transmission, resource mapping type B, and UL transmission with configured grant under UE capability #2.
Observation 2: The evaluations show that the 1e-6 reliability target can be achieved under the cases of 30kHz SCS, which can guarantee the 0.5ms latency.
Observation 3: SA1 has updated the service area for the requirement of 1us accuracy, i.e. both 100m*100m and 20km2 are included in the typical use cases.
Observation 4: If UE does not compensate the obtained reference time information from gNB, the maximum possible time error between gNB and UE (not considering the granularity) is at the level of 1.5us for outdoor case.
Proposal 1: The RAN1 conclusion that PDCP duplication is not always available/applicable should be included in the LS reply.
[bookmark: _GoBack]Proposal 2: To send an LS reply to RAN2: Although it is one way to guarantee the latency by RAN1 technologies while guaranteeing the reliability by RAN2 PDCP duplication, an essential problem is that PDCP duplication is not always available and is not always the best choice. Instead, both the requirements of 0.5ms UP latency and 1e-6 reliability can be fulfilled under at least some specific Rel-15 NR configurations from RAN1 perspective. E.g., 0.5ms latency can be achieved for 30kHz or 60 kHz SCS, 2OS or 4OS mini-slot transmission, resource mapping type B, and UL transmission with configured grant under UE capability #2.
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»6.5.3.2 Minimum requirement for BS type 7-C and 1-H.
For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns..
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3s.

For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3ps.
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Table 7.1.2-1: T, Timing Error Limit.
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