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1	Introduction
RAN1 received an LS at RAN1#94bis from SA2 [1] and a related LS from RAN2 in [2], where in the latter it is further clarified how the different RAN WGs are expected to provide feedback to RAN2 (and SA2). The following actions are noted in [2] for RAN1: 
To RAN1 group.
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 discuss the 0.5ms latency target with the associated reliability target in Sec. 2 as well as the achievable time synchronization accuracy over Uu interface in Sec. 3. 
2	Latency & reliability evaluations
RAN2 has identified a few use cases with the most stringent requirements in [2] as follows:
	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

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases

	IV
	N/A
	99.9999%
	N/A
	< 1 ms
	N/A
	N/A, but service bit rate from 150 kbit/s to 4.61 Mbits/s
	N/A
	Aperiodic
	Audio streaming for live performance



RAN2 has asked RAN1 to provide feedback on whether 0.5 ms latency target can be achieved. This corresponds to use case I in the table, which is considered as the most challenging and not being previously considered/evaluated. The use case includes periodic traffic model, payload size, service area, the number of UEs, latency and reliability requirements.
The number of supported UEs in the service area is generally considered as a soft metric because it can typically be achieved by using larger bandwidth and/or more carriers and/or denser gNB deployment.
The reliability requirement can be as stringent as 1e-8. However, On reliability, the LS [2] says: “RAN2 would like to indicate that reliability targets going beyond 99.9999% can be achieved by higher layer redundancy (e.g. with PDCP packet duplication it is possible to reduce it in case both links operate with the same reliability, i.e. if two links operate with 10-4 reliability in PHY/MAC layer, then it is possible to achieve 10-8 reliability for a transmission on PDCP layer). RAN1 does not have to analyze more stringent requirement or study solutions to address those.” Based on the RAN2 guidance to take into account PDCP packet duplication, RAN1 only needs to investigate reliability of down to 1e-4 for case I.
Therefore, the analysis in this section focuses on use case I, with 0.5 ms latency and 1e-4 reliability targets.
We start with the single-UE analysis using IMT-2020 evaluation methodology [3], and then provide performance evaluation results using system-level simulation.

2.1	Latency analysis
Following the IMT-2020 evaluation methodology [3], the DL and UL user plane latency that can be achieved by UE capability 2 is summarized and highlighted below for different subcarrier spacings and different TTI durations assuming FDD scenario in Table 2.1-1 and 2.1-2, respectively. Note that for each TTI duration, the worst scenario is considered by assuming the longest TTI alignment time (considering the 1e-4 reliability requirement), which could happen when the BS/UE transmission processing of step 1 is finalized just right after the beginning of the potential DL/UL TTI and needs to wait with the transmission for the next possible DL/UL TTI. Moreover, the frequency multiplexing between PDCCH and PDSCH is considered at the starting symbol of a TTI. This leads to the possibility that one additional symbol should be added to  if Type B PDSCH is considered as specified in [4]. Different from IMT-2020 assumption, we assume that this additional symbol should be added directly to the UE processing delay in step 5. 
In Table 2.1-2, configured grant (CG) is assumed for UL. For Rel-15 CG operation with 4 symbol PUSCH the smallest CG periodicity is 7 symbols and therefore, the worst case for the frame alignment is 7 symbols. This could potentially be improved in Rel. 16 e.g. by supporting multiple active configured grants which could reduce the frame alignment timing there to 4 symbols (i.e. the TTI duration) as well. The latency analysis for this case is also presented in Table 2.1-2 for 30 kHz SCS, as it can be shown that with such enhancement the UL latency can be reduced also below 0.5ms for this case (marked in yellow).
Table 2.1-1 Downlink UP latency
	Step
	Description
	Value [ms]

	
	
	30 kHz
	60 kHz

	
	TTI duration (symbols)
	14
	7
	4
	2
	14
	7
	4
	2

	1
	BS TX processing delay
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098

	2
	Frame alignment
	0,500
	0,250
	0,143
	0,071
	0,250
	0,125
	0,071
	0,036

	3
	TTI for data packet transmission
	0,500
	0,250
	0,143
	0,071
	0,250
	0,125
	0,071
	0,036

	4
	a) UE processing delay
	0,161
	0,161
	0,196
	0,196
	0,161
	0,161
	0,179
	0,179

	 
	b) Alignment to control opportunity
	0,018
	0,018
	0,018
	0,018
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the HARQ-ACK
	0,036
	0,036
	0,036
	0,036
	0,018
	0,018
	0,018
	0,018

	 
	d) BS processing delay
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196

	 
	e) Frame alignment
	0,089
	0,018
	0,018
	0,018
	0,125
	0,000
	0,036
	0,000

	 
	f) TTI for data packet transmission
	0,500
	0,250
	0,143
	0,071
	0,250
	0,125
	0,071
	0,036

	5
	UE RX processing delay
	0,080
	0,080
	0,116
	0,116
	0,080
	0,080
	0,098
	0,098

	Total one-way user plane latency without retransmission (1+2+3+5)
	1,179
	0,679
	0,500
	0,357
	0,679
	0,429
	0,339
	0,268

	Total one-way user plane latency with 1 retransmission (1+2+3+4+5)
	2,179
	1,357
	1,107
	0,893
	1,429
	0,929
	0,839
	0,696







Table 2.1-2 Uplink UP latency
	Step
	Description
	
	Value [ms]

	
	
	30 kHz
	60 kHz

	
	TTI duration (symbols)
	14
	7
	4
	4
Rel. 16
	2
	14
	7
	4
	2

	1
	UE TX processing delay
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098
	0,098

	2
	Frame alignment
	0,500
	0,250
	0,250
	0,143
	0,071
	0,250
	0,125
	0,125
	0,036

	3
	TTI for data packet transmission
	0,500
	0,250
	0,143
	0,143
	0,071
	0,250
	0,125
	0,071
	0,036

	4
	a) BS processing delay
	0,161
	0,161
	0,161
	0,161
	0,161
	0,161
	0,161
	0,161
	0,161

	 
	b) Alignment to control opportunity
	0,018
	0,018
	0,018
	0,018
	0,018
	0,000
	0,000
	0,000
	0,000

	 
	c) Transmission of the HARQ-ACK
	0,036
	0,036
	0,036
	0,036
	0,036
	0,018
	0,018
	0,018
	0,018

	 
	d) UE processing delay
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196
	0,196

	 
	e) Frame alignment
	0,089
	0,089
	0,089
	0,089
	0,018
	0,125
	0,000
	0,054
	0,018

	 
	f) TTI for data packet transmission
	0,500
	0,250
	0,143
	0,143
	0,071
	0,250
	0,125
	0,071
	0,036

	5
	BS RX processing delay
	0,080
	0,080
	0,080
	0,080
	0,080
	0,080
	0,080
	0,080
	0,080

	Total one-way user plane latency without retransmission (1+2+3+5)
	1,179
	0,679
	0,572
	0,465
	0,321
	0,679
	0,429
	0,375
	0,250

	Total one-way user plane latency with 1 retransmission (1+2+3+4+5)
	2,179
	1,429
	1,215
	1,108
	0,821
	1,429
	0,929
	0,875
	0,679



Based on the analysis shown in Tables 2.1-1 and 2.1-2 the following can be concluded:
Observation 1: Using IMT-2020 evaluation methodology,
· For 30 kHz SCS, the 0.5ms latency can be satisfied in downlink by using 4-symbol and 2-symbol TTI durations. The 0.5ms latency could be satisfied in uplink by using 4-symbol (assuming Rel. 16 enhancements) and 2-symbol TTI durations.
· For 60 kHz SCS, the 0.5ms latency can be satisfied in both downlink and uplink by using 7-symbol, 4-symbol and 2-symbol TTI durations.
· For 30 kHz or 60 kHz SCS, the 0.5ms latency cannot be reached when there is a retransmission.
 
2.2	Reliability analysis
From the analysis above, it is seen that the 0.5 ms latency can be achieved using 30 kHz and 60 kHz SCSs with a single-shot transmission (i.e. no HARQ retransmission) using 2-symbol or 4-symbol TTI for both DL and UL, where Rel-16 configured grant enhancements are assumed for UL for the case of 4-symbol TTI and 30 kHz SCS.
For reliability analysis, here we assume 4-symbol TTI with 30 kHz SCS. With payload size of 50 bytes (the closest TBS being 408 bits), assuming the first symbol being used as DMRS, the number of RBs required to carry the payload for different MCS is provided in Table 2.2-1.
Table 2.2-1 The number of RBs required to carry 50-byte payload
	[bookmark: _Hlk528721711]MCS
	SE
	# of PRBs

	0
	0.0586
	194

	1
	0.0781
	146

	2
	0.0977
	117

	3
	0.125
	91

	4
	0.1523
	75

	5
	0.1934
	59

	6
	0.2344
	49

	7
	0.3066
	37



Assuming 40 MHz bandwidth with 30 kHz SCS, the lowest MCS to support 50 bytes payload with 4-symbol TTI is MCS 3 in the Table 2.2-1. Note that this belongs to Table 5.1.3.1-3 in 38.214 which has entries with low spectral efficiency, i.e. the ‘URLLC MCS table’.
Following the IMT-2020 evaluation methodology [3], we first obtain the PDSCH and PUSCH SINR distribution with full-buffer traffic using the system-level simulator and find the 5th-percentile. Then we use the corresponding values to check against the link level performance to see if the reliability of 1e-4 can be achieved or not. Note that in the link-level simulation it is assumed 1Tx/1Rx, and the antenna combining gain is captured in the SINR distribution.
For both the system-level and link-level simulations, we have followed the simulation assumptions that have been agreed for URLLC L1 SI for the factory automation use case, except for the cell layout in the system-level simulation. Use case I has a service area of 15 m x 15 m, in contrast to the earlier agreement of 120 m x 50 m with 12 gNBs for factory automation. For such a small service area, it makes more sense to have a single gNB. Therefore, a single cell is assumed to be placed in the middle of the service area. The detailed simulation assumptions are provided in the Appendix.
With these assumptions, and with a single UE being scheduled with the entire bandwidth at a time, the DL and UL SINR distribution is shown in Figure 2.2-1, and the 5%-ile is 56.7 dB for DL and 11.1 dB for UL.
For UL, it is especially noticed that the UE does not run into power limitation even when the full bandwidth is allocated due to the small service area and the lack of inter-cell interference.
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	(a) DL SINR
	(b) UL SINR


Figure 2.2-1 DL and UL SINR distribution from full-buffer system-level simulation
The link level performance curves for PDCCH and PDSCH/PUSCH are provided in Figure 2.2-2. Here MCS3 (of the URLLC MCS table) is assumed for PDSCH/PUSCH. The required SNR to achieve BLER of 1e-4 is -0.5 dB for PDCCH and -1 dB for PDSCH/PUSCH.
[image: ]
Figure 2.2-2 Link level performance for PDCCH and PDSCH/PUSCH with CP-OFDM
We can see that the 5%-ile SINR is much larger than what is needed to achieve the reliability of 1e-4. Therefore, there is no issue of satisfying such a requirement in this scenario.
Observation 2: Using IMT-2020 evaluation methodology, the reliability requirement of 1e-4 can be satisfied with the latency target of 0.5 ms for use case I assuming an isolated cell.

2.3	System-level simulation
From the latency and reliability analysis, we observe that 0.5 ms latency and 1e-4 reliability can be achieved under the assumed configurations at least for the single-UE case. Comparing the SINR required to achieve 1e-4 BLER and the 5%-ile SINR, we see that there is a significant margin. This suggests that a UE can be scheduled with much higher MCS while still satisfying the reliability requirement. From system point of view, this means that the system can support multiple UEs in a cell at the same time. This has been verified by a full system level simulation (with assumptions shown in the Appendix) with 10 or 20 UEs in the cell for DL, 30 kHz SCS, and 2-symbol TTI. The latency distribution is shown in Figure 2.2-3, where it can be observed that there is no issue for UEs to satisfy the 1e-4 reliability within 0.5 ms latency bound.
[image: ]
Figure 2.2-3 Latency distribution from system-level simulation
Observation 3: The system-level simulation shows that the reliability requirement of 1e-4 can be satisfied for DL with the latency target of 0.5 ms for use case I assuming an isolated cell.

Based on these observations from analysis and simulations, we propose that:
Proposal 1: Inform RAN2 that the latency target of 0.5 ms can be satisfied with reliability of 1e-4 for use case I under certain assumptions (e.g. FDD, subcarrier spacing of 30 kHz or higher, no HARQ retransmissions, aggressive UE and gNB processing time, isolated cell with small service area).

3	Achievable time synchronization requirements 
[bookmark: _Toc415085486][bookmark: _Toc503902285]Looking at the LS from SA2 in [1] and RAN2 in [2], RAN1 is tasked to provide feedback on the achievable time synchronization accuracy over the Uu interface. 
For the related investigations and reply to RAN2, RAN1 will only investigate the Uu interface. As also noted in [5], the absolute timing synchronization of the UE over the Uu interface will also be dependent on the granularity & accuracy of the absolute timing indication information provided by the gNB. As this is outside the RAN1 scope but up to RAN2, RAN1 should leave these parts for RAN2 to investigate and just note this in a potential LS reply to RAN2. 
Observation 4: As the granularity & accuracy of the absolute timing indication information provided by the gNB is in RAN2/3 scope, RAN1 is to assume in its investigations perfect absolute timing indication. 
Therefore, we focus on other Uu interface aspects in the following subsections. 
3.1 Contributions to the UE time synchronization accuracy
Overall, two ways of defining the absolute timing at the UE can be considered:
· UE timing just given by the reception of gNB DL signals
· UE timing taking the propagation delay on reception of gNB DL signal into account
To evaluate the timing adjustment accuracy independent of the deployment scenario and cell size, it is assumed in here that the UE will adjust its absolute timing assumption by compensating for the propagation delay by adding half of the TA setting to its timing estimate. 
The timing accuracy at the UE over Uu is impacted by the following components:
· gNB absolute timing error: not considered in the RAN1 investigations, as noted in the observation above. This assumption should be noted in a LS reply to RAN2.
· gNB indication accuracy of the absolute gNB timing: not considered in the RAN1 investigations, as noted in the observation above as this is for RAN2 to define potential needed enhancements. This assumption should be noted in a LS reply to RAN2.
· gNB transmit time alignment error (TETAE): Is the transmit time alignment error of different transmitter branches at the gNB. As this is the timing offset will affect the gNB TA setting, only half of the error TETAE /2 will be contributing to the UE timing accuracy.
· UL/DL propagation delay difference (TEΔPD): The propagation delay is to be compensated based on TA command. As pointed out in [5], for TDD the TA/2 will able to fully compensate for the DL propagation delay since UL and DL delays are nearly symmetric, but for FDD (assuming uncorrelated fading) this is not the case. As the UE is only compensating for TA/2, the timing error due to UL/DL asymmetry is one half of the difference between UL & DL propagation delays i.e. TEΔPD/2.   
· UE transmit timing error (TEUE-DL-to-TX): This includes errors in the UE processing with respect to inaccurate DL timing estimation and the related UE timing for UL transmission. Again, as this error is visible at the gNB when adjusting the timing advance, only half of the error TEUE-DL-to-TX /2 will be contributing to the UE timing accuracy.
· [bookmark: _Hlk528413243]gNB UL receive timing estimation error (TEUL-RX): This error is due to imperfect UL timing estimation of the UE at the gNB. As this error is included in the gNB TA command, only half of the error TEUL-RX/2 will be contributing to the UE timing accuracy. 
· [bookmark: _Hlk528413276]Timing advance granularity (TETA-G): This is basically the error introduced due to a limited TA command granularity (i.e. basically a quantization error). As only TA/2 is included in the absolute UE timing assumption, only TETA-G /2 contributes to the absolute UE timing accuracy.
· Relative Timing Advance adjustment accuracy (TETA-err): This is the TA adjustment error at the UE side – again only half the error TETA-err /2 contributes to the absolute UE timing accuracy.

Overall, from RAN1 perspective the time synchronization accuracy on the Uu interface can be calculated as:
TEUE-Uu=½* (TETAE + TEΔPD + TEUE-DL-to-TX + TEUL-RX + TETA-G + TETA-err)

3.2 Worst case and typical values for the different error sources

3.2.1 gNB transmit time alignment error (TETAE)
The maximum gNB transmit time alignment error is defined in 38.104 Sec. 6.5.3. At a single carrier, the maximum error is to be within ±65ns. Better gNB implementations could achieve lower values – but for the current evaluations the value of 65ns could be used. This error value is to be regarded independent of the applied SCS as it is not related to BB processing. 

3.2.2 UL/DL propagation delay difference (TEΔPD)
As pointed out in [5], in case of FDD could be a difference in the estimated propagation delay between UL and DL due to multipath fading. To be more specific, the earliest received path in the DL identified by the UE receiver and the earliest received path in UL identified by the gNB may not be the same due to f-selective fading over the FDD duplex distance. 
When considering this error source, one would need to consider that it is not that the propagation delay itself is different, but just the ability of the UE & gNB receiver to identify the earliest path is impacted by small-scale fading. Therefore, it will not be easily possible to put this as a separate error source because this is (at least partially) also accounted for in the UE transmit timing error (TEUE-DL-to-TX) as well as the gNB UL timing estimation error (TET0), which is largely impacted by actual channel fading. 
Moreover, we would like to note that for the most stringent UE time synchronization requirements of 1μs the service area based on TR 22.804 is rather small (100m2). This would mean like a LOS distance in the order of maximum 10-15m between gNB & UE, resulting in an absolute propagation delay of in the order of 33 to 50ns. Therefore, considering multi-path propagation for such small service requirements also the RMS delay spread will be rather small (and even smaller than the absolute propagation delay).
Considering, that the RMS delay spread for the given scenarios with the tightest UE synchronization requirements will be rather small and (at least part of) the error already accounted for in the UE transmit timing error as well as the gNB UL timing estimation error, we don’t think this error needs to be included in the RAN1 evaluations of the UE time synchronization accuracy. 

3.2.3 UE transmit timing error (TEUE-DL-to-TX)
The maximum transmit timing error which is allowed according to 38.133 Sec. 7.1.2 is given by the following table: 
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[bookmark: OLE_LINK4][bookmark: OLE_LINK3][3]*64*Tc

	
	
	120
	[3]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]

Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.



It should be noted here, that the timing error limit is only applicable for the initial transmission after DRX resume based on the following description in 38.133:
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.
Clearly this is the worst-case situation that needs to be accounted for. In real operation, especially in industry environments with constant motion control commands, the UE will clearly have a better performance by regularly receiving SSB and/or CSI-RS to be used for time synchronization which will reduce the error of the DL time of arrival estimation at the UE. As pointed out in [5], this error may also include some UE internal timing errors / jitters which may need to be accounted for in addition to the DL time of arrival estimation error at the UE. Having this in mind, the 3GPP RAN WGs may consider setting stricter requirements on Te in Rel-16 for UEs used in TSN scenarios.     

3.2.4 gNB UL receive timing estimation error (TEUL-RX)
The UL receive timing of UE can be estimated at gNB based on any UL reference signal, such as PUSCH DM-RS, PUCCH DM-RS, or SRS. In applications such as closed-loop motion control, we may assume that PUSCH will be available in each motion control cycle. 
Here we analyse the error of short-term, single-shot UL receive timing estimation on PUSCH. The short-term UL receive timing estimation error on PUSCH consists of two components: CIR peak detection error and error due to time sample granularity.  
The peak detection error is determined based on simulations and shown below, expressed as the deviation from the true TO in terms of number of FFT samples. The simulations results shown in Figure 3.2-1 assume 5.4 GHz carrier frequency, AWGN channel, and 2Tx2Rx. The results show close to perfect detection for a larger PUSCH allocation of #PRB≥64. For a very small PUSCH allocation of 4 PRBs and low SNR, e.g. -5 dB ≤ SNR ≤ 0 dB, the detection error is in the order of ~±5 time samples, e.g. ~±5·64∙Tc/2μ corresponding to ~±160ns for 15kHz SCS. Specifically, for highly-reliable communication in the low SNR regime a larger PRB allocation is needed to support low MCS and therefore, we think that the higher PRB allocations are more typical in this respect. 
We would like to note that even with perfect detection, there is still an error due to the time sample granularity given by ± ½ 64∙Tc/2μ.


[image: ]
Figure 3.2-1: Short-term, single-shot UL receive timing estimation error based on PUSCH DM-RS

In [5], the UL receive timing is estimated based on single-shot, 1-symbol SRS transmission and show a residual error of ~130ns @ SNR=-7dB for 15kHz SCS and TDL-C with 300ns RMS delay spread even for wider band SRS transmissions. Clearly, some of the error in case of longer delay spreads is coming from the fading as discussed above in relation to the UL/DL propagation delay difference (TEΔPD). Again, for small cell deployments or very limited service areas based on the TR numbers this value should be smaller.  
Keeping in mind that the measurement can be performed based on more than one UL signals, and the measurements can be time-averaged and combined using appropriate weighting factors, e.g. based on their peak amplitudes, these example estimation errors can be further reduced by proper gNB implementations. Thus, we think that a max. error of about 100ns for 15kHz SCS and slightly smaller values for higher SCS due to the lower higher time sample granularity error of ± ½ 64∙Tc/2μ should be clearly possible based on feasible Rel-15 gNB implementations (i.e. 92ns for 30kHz, 88ns for 60kHz SCS). 
Looking at possible improvements in Rel-16, we don’t really see a good way to improve on this error source as the limitations are given either by channel fading (which can only be helped by specific e.g. small cell deployments) or limited by the SCS itself. 

3.2.5 Timing advance adjustment granularity (TETA-G)
The timing adjustment granularity (as specified in 38.213 Sec. 4.2) is dependent on the applied SCS and is defined as 16∙64∙Tc/2μ. The quantization error is half the indication granularity, meaning that the maximum error is given by:
TETA-G=8∙64∙Tc/2μ
Specifically, for lower SCS values such as 15kHz the TETA-G,15kHz=260ns which will take a large part of the UE timing accuracy budget of 1μs (13%) whereas for higher SCS such as 120kHz this contribution will play only have a minor effect (TETA-G,120kHz=32ns). 
As a possible Rel-16 enhancement (at least based on UE capability), a higher TA adjustment granularity could be defined at least for the lower SCS (e.g. by a factor of 2) which could reduce the UE time synchronization accuracy. But at the same time, the relative TA adjustment accuracy needs to be considered (discussed in the next subsection) – as reducing the granularity without also tightening the relative TA adjustment accuracy does not really provide the envisioned improvements. 

3.2.6 Relative Timing Advance adjustment accuracy (TETA-err)
But not just the granularity as discussed in the previous subsection, but also the related relative TA adjustment accuracy brings error sources. The maximum allowed values are specified in TS 38.133 Sec. 7.3.2.2 in the following table: 
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc



For lower SCS (15 & 30kHz), this will result in TETA-err=130ns. Especially it should be noted, that for 30 & 60 kHz SCS the effect of the maximum error due to the adjustment accuracy and the granularity on the UE timing accuracy is the same. Therefore, increasing the TA granularity without also reducing the relative TA adjustment accuracy will not help too much there. Therefore, possible Rel-16 enhancements at least for smaller SCS should be jointly considered with the TA adjustment granularity. As a possible Rel-16 enhancement, the accuracy could be defined to be half the granularity for lower SCS (15 to 60kHz). 

3.3 Resulting UE timing accuracy
In this section we try to provide our views on the achievable synchronization accuracy in the following table. As from the discussion above it has been clear that the lower SCS are the ones with the largest possible errors, we focus on FR1 (15/30/60kHz) below in Table 3.3-1, where possible enhancements are marked in red colour. For higher SCS & FR2 the UE time synchronization accuracy will be better due to the higher SCS and smaller delay spreads. 

Table 3.3-1: Summary of the UE timing synchronization errors/accuracy for different SCS
	Error source
	15kHz 
worst-case
	15kHz
typical / enhanced
	30kHz
worst-case
	30kHz
typical / enhanced
	60kHz
worst-case
	60kHz
typical / enhanced

	gNB time alignment error (TETAE)
	65ns
	65ns
	65ns
	65ns
	65ns
	65ns

	Propagation delay difference (TEΔPD) 
	· 
	-
	-
	-
	-
	-

	UE transmit timing error (TEUE-DL-to-TX)
	390ns
([12]*64*Tc)
	Rel-16 for TSN UEs:
<300ns?
	260ns
([8]*64*Tc)
	Rel-16 for TSN UEs:
<200ns?
	227ns
([7]*64*Tc)
	Rel-16 for TSN UEs:
<180ns?

	gNB UL receive timing estimation error (TEUL-RX)
	100ns
	100ns
	92ns
	92ns
	88ns
	88ns

	Timing advance adjustment granularity (TETA-G)
	260ns
(8*64*Tc)
	Rel-16: 130ns?
(4*64*Tc)
	130ns
(4*64*Tc)
	Rel-16: 
65ns?
(2*64*Tc)
	65ns
(2*64*Tc)
	Rel-16: 
32ns?
(64*Tc)

	TA adjustment accuracy (TETA-err)
	130ns 
(256*Tc)
	Rel-16:
65ns? 
(128*Tc)
	130ns 
(256*Tc)
	Rel-16:
32ns? 
(64*Tc)
	65ns 
(128*Tc)
	Rel-16:
16ns? 
(32*Tc)

	UE timing accuracy
TEUE-Uu  (1)
	472.5ns
	333ns
	338.5ns
	227ns
	255ns
	190.5ns


1. TEUE-Uu=½* (TETAE + TEΔPD + TEUE-DL-to-TX + TEUL-RX + TETA-G + TETA-err)

As can be seen, depending on the SCS from Uu interface / PHY point of view a UE synchronization of better than 472.5ns for 15kHz SCS, 338.5ns for 30kHZ and 255ns for 60KHz SCS can be achieved based on NR Rel-15. RAN1 to inform RAN2 about these numbers in a reply LS to [2].
These numbers could be enhanced in Rel-16 by specifying tighter UE requirements on Te for URLLC TSN type of UEs as well as reduced TA granularity and higher TA adjustment accuracies. Moreover, as pointed out for small cell deployments a better UE timing synchronization accuracy (compared to macro deployments) can be achieved in real world TSN deployments such as factory automation use cases. 
Proposal 2: Inform RAN2, that a UE timing synchronization accuracy of 472.5ns for 15kHz SCS, 338.5ns for 30kHz and 255ns for 60kHz SCS can be achieved based on NR Rel-15. In Rel-16, an improved UE timing synchronization accuracy could be achieved through tighter UE requirements and timing advance enhancements. Note to RAN2, that these numbers do not contain the effects of the granularity & accuracy of the absolute timing indication information by the gNB which are outside of the RAN1 study scope. 

4 	Conclusions
In this contribution, we evaluated the TSN requirements on latency/reliability and UE timing synchronization accuracy based on RAN2 LS. The following observations and proposals were made:
Observation 1: Using IMT-2020 evaluation methodology,
· For 30 kHz SCS, the 0.5ms latency can be satisfied in downlink by using 4-symbol and 2-symbol TTI durations. The 0.5ms latency could be satisfied in uplink by using 4-symbol (assuming Rel. 16 enhancements) and 2-symbol TTI durations.
· For 60 kHz SCS, the 0.5ms latency can be satisfied in both downlink and uplink by using 7-symbol, 4-symbol and 2-symbol TTI durations.
· For 30 kHz or 60 kHz SCS, the 0.5ms latency cannot be reached when there is a retransmission.
Observation 2: Using IMT-2020 evaluation methodology, the reliability requirement of 1e-4 can be satisfied with the latency target of 0.5 ms for use case I assuming an isolated cell.
Observation 3: The system-level simulation shows that the reliability requirement of 1e-4 can be satisfied for DL with the latency target of 0.5 ms for use case I assuming an isolated cell.
Proposal 1: Inform RAN2 that the latency target of 0.5 ms can be satisfied with reliability of 1e-4 for use case I under certain assumptions (e.g. FDD, subcarrier spacing of 30 kHz or higher, no HARQ retransmissions, aggressive UE and gNB processing time, isolated cell with small service area).
Observation 4: As the granularity & accuracy of the absolute timing indication information provided by the gNB is in RAN2/3 scope, RAN1 is to assume in its investigations perfect absolute timing indication. 
Proposal 2: Inform RAN2, that a UE timing synchronization accuracy of 472.5ns for 15kHz SCS, 338.5ns for 30kHz and 255ns for 60kHz SCS can be achieved based on NR Rel-15. In Rel-16, an improved UE timing synchronization accuracy could be achieved through tighter UE requirements and timing advance enhancements. Note to RAN2, that these numbers do not contain the effects of the granularity & accuracy of the absolute timing indication information by the gNB which are outside of the RAN1 study scope. 
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Appendix: Simulation Assumptions for Use Case I
Table A-1: System-level simulation assumptions for use case I 
	Parameter 
	Value 

	Network layout 
	3GPP Indoor Open Office scenario; Indoor Hotspot (InH) propagation;  
A single cell placed in the middle of 15 m x 15 m x 3 m area 

	Carrier bandwidth 
	40 MHz @4 GHz; FDD duplexing 

	Total transmit power 
	27 dBm 

	BS Antenna configuration  
	4 Tx/Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)   
dH = 0.5λ, dV = 0.5λ;  

	BS antenna height 
	3 m 

	BS antenna gain 
	0 dBi 

	UE antenna configuration  
	2 Tx antenna ports:  
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)   
4 Rx antenna ports:  
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)   
dH = 0.5λ 

	UE antenna height  
	1.5m 

	UE antenna gain  
	0dBi 

	UE receiver noise figure  
	9 dB  

	UE Receiver 
	MMSE-IRC; Single-stream transmission 

	UE power control
	Maximum transmit power: 23 dBm. P0 = -106 dBm; α = 1

	Physical layer config. 
	30 kHz subcarrier spacing. 12 subcarriers (360 kHz) per PRB. 12 REs per PRB assumed overhead

	TTI size 
	2 OFDM symbols (71.4 µs) 

	MCS 
	QPSK to 64QAM

	Link adaptation 
	Dynamic link adaptation for both control and data channels. 
Outer-loop link adaptation targeting 0.1% (10-3) BLER.  

	HARQ  
	Asynchronous HARQ with 14 OFDM symbols RTT and Chase-combining 

	CSI 
	Wideband CQI and PMI, reported every 5 ms; 2 ms processing delay at gNB. 

	UE deployment 
	100% indoor randomly and uniformly distributed over the area; 3 km/h semi-static mobility 

	Traffic model 
	10 or 20 UEs per cell uniformly distributed in the indoor area. 
Full-buffer for SINR distribution; otherwise periodic traffic with 50 Byte payload and 0.5 ms traffic periodicity, and random offset between UE’s packet transmission interval 

	TB Processing times: 
	BS processing delay: 2.75 OFDM symbols 
UE processing delay: 3.25 OFDM symbols 
HARQ RTT: 14 OFDM symbols 
Frame alignment: uniform distribution between [0, 2] OFDM symbols  

	Other assumptions: 
	Three drops with randomized UE position and data arrival offsets.  No discarding of packets. 



Note: the highlight entries are different from what had been agreed for the URLLC L1 SI for the factory automation use case.

Table A-2: Link-level simulation assumptions for use case I 
	Parameter
	Value

	Carrier frequency
	[bookmark: _GoBack]4 GHz

	Subcarrier spacing
	30 kHz

	Waveform
	CP-OFDM

	Bandwidth
	40 MHz (106 PRBs) for data, AL of 16 for PDCCH

	Slot structure
	4 symbols, 1xDMRS+3xData for PDSCH/PUSCH, 1 symbol for PDCCH

	Codec
	LDPC

	HARQ
	No HARQ

	Data bits/slot
	PDSCH/PUSCH: 496 bits for MCS3, PDCCH: 41 bits

	Antenna ports
	1Tx/1Rx

	DMRS
	1xDMRS, Config. 1, 3.0 dB power boost

	Channel estimator
	2x1D (FD: Wiener, TD: sample-and-hold)

	Channel model
	TDL-D 30ns, 3km/h
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