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1 [bookmark: _Ref528842072]Introduction
During 3GPP October 2018 meeting, RAN2 sent an LS [1] to RAN1 with requests on the following aspects:
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 this contribution, we present our views on these issues. For the 0.5ms latency target, we present some initial latency budget evaluation results towards establishing the achievability of the 0.5 msec latency budget.
On achievable time synchronization accuracy for TSN use cases, we provide our inputs on related aspects from RAN1 perspective e.g. whether Rel-15 LTE HRLLC timing mechanism could be reused for NR or further enhancements are required in order to fulfil SA1 requirements quoted defined in TR 22.804 clause 8.1, whether RAN1 will require doing new evaluations for this, etc. 
2 Achievability of 0.5ms latency budget
As quoted in Section 1, RAN2 has requested feedback on feasibility of support of 0.5 ms E2E latency corresponding to at least the following scenario:
	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases



As already recommended in RAN2 LS, it can be safely assumed that almost all of the 0.5ms latency budget can be available as air interface latency over Uu. 
While a comprehensive study of this scenario implies including this case to the list of prioritized use cases agreed during RAN1 #94 bis meeting, here we present an initial analysis on the achievable latency using Rel-15 NR design.
Considering the additional guidance in the RAN2 LS on possible simplifying assumptions for the latency target, we present a summary of achievable latency performance for UL and DL. For UL, transmission using Configured Grant (CG) PUSCH and for DL, dynamic scheduling are assumed.
The detailed assumptions on the transmission starting locations (key factor in determining alignment delays), can be found in the Annex.
As it can be seen from the tables below, depending on the choices of subcarrier spacing, transmission duration and the mapping type, certain scenarios may satisfy the 0.5 latency budget for UL and DL cases. 
While the analysis here assumes that the target reliability can be met with single-shot or up to one retransmission with 10% probability, for the packet size of 50 bytes considered for this scenario, one can expect such assumption quite reasonable as long as the available bandwidth (BW) is not too restrictive. 
Table 1 – UL user plane latency (CG PUSCH) for NR FDD with grant free transmission (msec)
	UL user plane latency (Grant free) – NR FDD
	UE capability 2
	UE capability 2
	UE capability 2

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	Intel
	R1-1809947
(#94, AI 7.2.7.1)
	Intel
	R1-1809947
(#94, AI 7.2.7.1)
	Intel
	R1-1809947
(#94, AI 7.2.7.1)

	Resource mapping Type A
	M=4 (4OS)
	p=0
	0.3750
	0.40 
	0.5714
	0.64 
	1.0714
	1.18 

	
	
	p=0.1
	0.4330
	0.46 
	0.6518
	0.74 
	1.2179
	1.37 

	
	M=7 (7OS)
	p=0
	0.4286
	0.43 
	0.6786
	0.70 
	1.2857
	1.29 

	
	
	p=0.1
	0.4920
	0.49 
	0.7696
	0.79 
	1.4536
	1.49 

	
	M=14 (14OS)
	p=0
	0.5536
	0.57 
	0.9286
	0.98 
	1.7857
	1.87 

	
	
	p=0.1
	0.6295
	0.65 
	1.0446
	1.10 
	2.0036
	2.10 

	Resource mapping Type B
	M=2 (2OS)
	p=0
	0.2321
	0.24 
	0.2857
	0.30 
	0.5000
	0.52 

	
	
	p=0.1
	0.2759
	0.28 
	0.3375
	0.36 
	0.5893
	0.61 

	
	M=4 (4OS)
	p=0
	0.3125
	0.31 
	0.4464
	0.46 
	0.8214
	0.83 

	
	
	p=0.1
	0.3643
	0.37 
	0.5143
	0.54 
	0.9429
	0.94 

	
	M=7 (7OS)
	p=0
	0.3661
	0.37 
	0.5536
	0.56 
	1.0357
	1.04 

	
	
	p=0.1
	0.4232
	0.42 
	0.6321
	0.63 
	1.1786
	1.18 

	
	M=14 (14OS)
	p=0
	0.5536
	0.56 
	0.9286
	0.93 
	1.7857
	1.81 

	
	
	p=0.1
	0.6295
	0.63 
	1.0446
	1.03 
	2.0036
	2.01 



Table 2 - DL user plane latency for NR FDD (msec)
	DL user plane latency – NR FDD
	UE capability 2
	UE capability 2
	UE capability 2

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	Intel
	R1-1809947
(#94, AI 7.2.7.1)
	Intel
	R1-1809947
(#94, AI 7.2.7.1)
	Intel
	R1-1809947
(#94, AI 7.2.7.1)

	Resource mapping Type A
	M=4 (4OS)
	p=0
	0.3559
	0.35
	0.5332
	0.54
	0.9949
	0.98

	
	
	p=0.1
	0.4147
	0.40
	0.6151
	0.64
	1.1444
	1.10

	
	M=7 (7OS)
	p=0
	0.3827
	0.38
	0.5867
	0.60
	1.1020
	1.10

	
	
	p=0.1
	0.4415
	0.43
	0.6686
	0.70
	1.2515
	1.23

	
	M=14 (14OS)
	p=0
	0.5370
	0.57
	0.8954
	0.98
	1.7194
	1.87

	
	
	p=0.1
	0.6112
	0.65
	1.0082
	1.10
	1.9306
	2.10

	Resource mapping Type B
	M=2 (2OS)
	p=0
	0.2334
	0.23
	0.2883
	0.28
	0.5051
	0.48

	
	
	p=0.1
	0.2782
	0.28
	0.3421
	0.35
	0.5985
	0.59

	
	M=4 (4OS)
	p=0
	0.2755
	0.27
	0.3724
	0.37
	0.6735
	0.65

	
	
	p=0.1
	0.3245
	0.32
	0.4347
	0.44
	0.7837
	0.77

	
	M=7 (7OS)
	p=0
	0.3393
	0.34
	0.5000
	0.50
	0.9286
	0.92

	
	
	p=0.1
	0.3937
	0.39
	0.5732
	0.58
	1.0607
	1.06



Observation 1: 
· Depending on the choice of subcarrier spacing, transmission duration, and the PUSCH/PDSCH mapping type, Rel-15 NR can satisfy the 0.5 latency budget for both UL and DL in certain cases.
[bookmark: _GoBack]However, further detailed studies considering the target reliability (e.g., target residual BLER of 10-6 based on available clarifications from RAN2), number of UEs in the given area as in the cited use case example, the PDSCH/PUSCH payload size, etc., are necessary. Accordingly, we suggest to include the related use case to the list of representative use cases agreed at RAN1 #94bis as in Table 3. For the simulation settings for link- and system-level evaluations, the same settings as agreed for indoor hot-spot and factory automation use cases could be reused.

Table 3. List of representative use cases related to factory automation for Rel-16 NR URLLC studies
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	
	
	0.5 ms air interface latency
	DL & UL:
50 bytes
Periodic deterministic traffic model with data arrival interval 0.5 ms
	Motion control and control-to-control use cases




Proposal 1: 
· Add the following highlighted row to the list of prioritized use cases for Rel-16 studies on eURLLC as an example of factory automation:
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	
	
	0.5 ms air interface latency
	DL & UL:
50 bytes
Periodic deterministic traffic model with data arrival interval 0.5 ms
	Motion control and control-to-control use cases


3 Time Synchronization Accuracy 
Since different factors contribute to the overall synchronization error budget to meet the desired target accuracy, e.g. 1us mentioned in TR 22.804, it may be prudent to study each of these factors. Accordingly, RAN1 needs to discuss the related aspects impacting synchronization accuracy.
In the following, some key observations regarding the synchronization mechanism for Rel-16 NR are provided.
Review of LTE Rel-15 HRLLC Synchronization Design
In R-15 LTE HRLLC, a mechanism was defined to provide time reference information with a 0.25 µs granularity, through SIB16 or UE-specific signalling, where a common time reference structure (timeReferenceInfo IE) is used within both unicast and broadcast message. Accuracy of the indicated time reference can also be signalled to the UE. 
The time reference indication does not account for and compensate the RF propagation delay, as specified in Rel-15 HRLLC. This implies that in order to achieve suitable timing reference accuracy, the UE may need to adjust for the propagation delay. For instance, the UE could compensate the propagation delay through the timing advance (TA) command received from the network and the performance depends on how network can estimate the uplink transmission timing (also see [2]).
Review of Overall Synchronization Accuracy Estimation
In the absence of any DL reference timing errors at the UE receiver, the time clock of UE can be seen as the received time clock of gNB plus DL propagation delay. Regarding the clock synchronization requirement and how this is related to the time reference design in LTE HRLLC Rel-15 as discussed in the previous subsection, we note that different elements potentially impact the time synchronization accuracy between UE and gNB, as also studied in [3]:
· Reference time information delivery by the base station
· Downlink frame timing applied by UE
· The estimation of downlink propagation delay

The error components for each of the above are summarized below:
1- Error related to time reference delivery 
· Frame timing accuracy of the BS transmitter, 
· Requirement for Time Alignment Error (TAE) defined in clause 6.5.3.2 of TS38.104.
· Indicating error associated with the indicating granularity. 
· For an indicating granularity of 0.25us (as in Rel-15 LTE HRLLC), the indicating error is within +/-125ns, accordingly. 
2- Error related to the UE determination of the DL frame timing 
· UE minimum requirements defined as Te in TS 38.133 for different scenarios and subcarrier spacing, Table 7.1.2-1.
3- [bookmark: _Ref519583545]Error sources for DL propagation delay estimation include: 
· Asymmetry between DL and UL links in propagation delay.
· This error may not contribute to the overall budget significantly, for low delay spread channels and/or in TDD cases
· Error in the estimation of the UL timing at the gNB.
· This depends on the gNB receiver detection algorithm and configuration of UL signals used to perform such UL timing detection and adjustments (PRACH, SRS, etc.)
· Indicating granularity of the TA command 
· This can be as large as half of the indicating granularity defined in TS38.213, sub-clause 4.2 for different subcarrier spacing.
· Error related to the UE determination of the DL frame timing as also mentioned above.

Since the error in TA estimation is composed of BS detecting error, TA indicating error, and DL frame timing error, it can be shown that the error in DL propagation delay estimation can be computed as half of the addition of DL/UL asymmetry error and the error in TA estimation.
Accordingly, the total error of the time synchronization between UE and gNB can be estimated as the aggregated errors of each element mentioned above.
While it is reasonable to expect that in some scenarios the very strict synchronicity requirement of 1us accuracy may not be achievable, considering the error components above and their values (for those that are known/defined), it can be seen that in certain cases it may be possible to meet the current requirements by using a Rel-15 HRLLC-like signaling framework and relying on the UE-side estimation and compensation of the radio propagation delay. This correlates well with some of the analyses reported in [3], at least when assuming intra-gNB cases for the <1us synchronicity requirement. 
It is further noted that even for inter-gNB cases, for factory automation use cases, it is reasonable to expect the source-clock very close to the gNB, thus not requiring a large number of hops for time synchronization, and thus, the error budget available for the Uu interface can, in practice, be close to +/-500ns. Certainly, further feedback from SA2 and RAN3 on some of the questions from RAN2 in the same LS would be essential towards confirmation of the underlying assumptions and presented analysis.
Furthermore, as discussed in the following section, certain enhancements could be considered to enable further cases or provide further margin to the strict synchronicity target. 
4 Enhancements to Time Synchronization Accuracy in Rel-16 NR
Finer granularity of time reference signaling
Similar approach as in Rel-15 HRLLC synchronization mechanism may be extended to NR to fulfil the target accuracy. While for NR Rel-16, the inaccuracy indication can still be used as introduced in Rel-15 HRLLC, it may be possible to reduce the granularity of the time reference indication (e.g., down to ~100ns). Such an enhancement can straightforwardly reduce the contribution of errors from the signaling mechanism itself. At the same time, considering SIB or dedicated RRC signaling as the containers, the overall impact may not be significant to support this feature. 
We note that the 0.25us granularity contributes to the error budget (+/-500ns for < 1us accuracy) by an amount of +/-125ns. Depending on the other sources of timing errors as discussed above (i.e., if there is sufficient room to meet the target budget), increasing the signaling overhead (to support finer indication granularity) may not be needed. However, increasing the granularity to 100ns can reduce the overall synchronization inaccuracy by about 150ns (e.g., from the 1us budget). 
Finer granularity of timing advance signaling
Similar to the case of time reference signaling, increasing the TA granularity can also help reduce the contribution to the synchronization error as part of enabling a more accurate estimation of the TA value at the UE. Considering the very tight requirement, it may be worthwhile to consider such enhancements, at least for smaller SCS choices. 
Pre-compensation of the propagation delay at the gNB transmitter
Further, enhancements to the signaling framework of HRLLC can also be considered. For instance, in Rel-16 NR, in some cases, it may be possible for the network to better estimate and (pre-)compensate for the propagation delay on a per-UE basis and use the UE-specific signaling to indicate and/or fine tune the indicated time reference. By not relying on estimation of propagation delay at the UE side, such an approach also avoids the error components in the estimation of the propagation delay due to TA indication error and DL reference timing error (i.e., no impact from TA command granularity and Te in propagation delay estimation).
We note that, for such cases, it may also be beneficial to reduce the granularity of time reference indication from 0.25us.  However, the overall impact to signaling framework and overhead may need further consideration in RAN1 and RAN2 WGs.

Observation 2:
· Various error components may play non-negligible roles in the overall accuracy of time synchronization for the strict accuracy requirement of < 1us synchronicity over Uu interface.
· It may still be possible to satisfy the requirement in various scenarios when assuming intra-gNB cases or when assuming tight synchronization between gNBs in a factory environment.  

Proposal 2: 
· RAN1 to study further on achievable time synchronicity performance focusing on factory automation use cases over the Uu interface without budgeting for inter-gNB synchronization errors. 
· Further clarifications from SA2 and RAN3 on questions from RAN2 may be taken into account subsequently.
Proposal 3: 
· Consider the following enhancements towards enabling tight synchronicity performance:
· Finer granularity of time reference indication
· Pre-compensation of propagation delay at the gNB when transmitting the time reference information to connected mode UEs via unicast signaling
· Finer granularity of TA command
5 Conclusions
In this contribution, we provided our inputs on synchronization aspects as well as the latency budget evaluation for Rel-16 NR from RAN1 perspective, and we have the following observations and proposals:
Observation 1: 
· Depending on the choice of subcarrier spacing, transmission duration, and the PUSCH/PDSCH mapping type, Rel-15 NR can satisfy the 0.5 latency budget for both UL and DL in certain cases.
Observation 2:
· Various error components may play non-negligible roles in the overall accuracy of time synchronization for the strict accuracy requirement of < 1us synchronicity over Uu interface.
· It may still be possible to satisfy the requirement in various scenarios when assuming intra-gNB cases or when assuming tight synchronization between gNBs in a factory environment.  

Proposal 1: 
· Add the following highlighted row to the list of prioritized use cases for Rel-16 studies on eURLLC as an example of factory automation:
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	
	
	0.5 ms air interface latency
	DL & UL:
50 bytes
Periodic deterministic traffic model with data arrival interval 0.5 ms
	Motion control and control-to-control use cases



Proposal 2: 
· RAN1 to study further on achievable time synchronicity performance focusing on factory automation use cases over the Uu interface without budgeting for inter-gNB synchronization errors. 
· Further clarifications from SA2 and RAN3 on questions from RAN2 may be taken into account subsequently.
Proposal 3: 
· Consider the following enhancements towards enabling tight synchronicity performance:
· Finer granularity of time reference indication
· Pre-compensation of propagation delay at the gNB when transmitting the time reference information to connected mode UEs via unicast signaling
· Finer granularity of TA command
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Annex
The grant free UL transmission uses the following start symbols (aligned with IMT-2020 submission assumptions for UP latency evaluations as endorsed by RAN1 in R1-1809947):
0. For 2-symbol PUSCH, the start symbol can be symbols {0,2,4,6,8,10,12} for PUSCH resource mapping type B
0. For 4-symbol PUSCH, the start symbol can be:
1. For PUSCH resource mapping type B: symbols {0,7} 
1. For PUSCH resource mapping type A: symbol 0;
0. For 7-symbol PUSCH, the start symbol can be:
2. For PUSCH resource mapping type B: symbols {0, 7}
2. For PUSCH resource mapping type A: symbol 0;
0. For 14-symbol PUSCH, the start symbol can be at symbol #0 for PUSCH resource mapping type A and B.

Regarding the DL case, we note that for PDSCH mapping type A, 
· Starting symbol can be symbol index #0, 1, 2, 3 in a slot
· Length of the PDSCH is at least 3 symbols, up to 14 symbols  within a slot, such that slot boundary is not crossed
For PDSCH mapping type B, 
· Starting symbol can be any position within a slot, such that slot boundary is not crossed
· Length of the PDSCH can be 2, 4, or 7 symbols

Hence, for DL,
1. For 2-symbol PDSCH, the start symbol can be symbols [0:12] for PDSCH resource mapping type B
1. For 4-symbol PDSCH, the start symbol can be:
3. For PDSCH resource mapping type B: symbols [0:10] 
3. For PDSCH resource mapping type A: symbols [0:3]
1. For 7-symbol PDSCH, the start symbol can be:
3. For PDSCH resource mapping type B: symbols [0:7]
3. For PDSCH resource mapping type A: symbol [0:3]
1. For 14-symbol PDSCH, the start symbol can be at symbol #0 for PDSCH resource mapping type A and B.

Further, we assume that PDCCH and PUCCH are available every OFDM symbol, and the associated average alignment delay is half of symbol length.
2

