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[bookmark: _Hlk510705081]The TSN requirements evaluation based on the RAN2 LS in R2-1816043 was finalized during RAN1 Ad Hoc meeting in Taipei with a reply LS in R1-1901470. These evaluation results need to be captured in TR 38.825 under Section 6.3.2, which requires the TSN evaluation on physical layer aspects. In this document, we propose text for Section 6.3.2 of TR 38.825.
Text proposal to Section 6.3.2 of TR 38.825
Proposal 1: Capture the following text proposal to Section 6.3.2 of the TR 38.825.
[bookmark: _Toc528239060][bookmark: _Toc528838259]-------------------------Begining of text proposal---------------------------
6.3.2	Physical layer aspects
Based on a request by SA2 in S2-189051 and further request by RAN2 in R2-1816043, RAN1 has performed analysis on latency, reliability and the achievable time synchronization accuracy over Uu interface to evaluate the TSN performance requirements for physical layer.
6.3.2.1	Latency
Based on the LS from RAN2 in R2-1816043, a 0.5ms one-way latency target is considered. One-way user plane latency analysis has been carried out for both DL and UL following the IMT-2020 evaluation methodology, which can be found in the TR 37.910. For UL, the grant-free PUSCH scheduling is considered. The considered duplexing schemes include both FDD and TDD. 
For FDD, assuming UE processing time of capability 2 with PDCCH periodicity of 1 OFDM symbol, the one-way user plane latency from different sources are shown in Tables 6.3.2.1-1 and 6.3.2.1-2 for DL and UL, respectively.
Table 6.3.2.1-1: Downlink user plane latency (in ms) for 1 (initial) transmission and 2 transmissions (initial and one retransmission) for different PDSCH durations in FDD.
	 
	PDSCH duration (symbols)
	Num. Tx
	Source 
R1-1900156
	Source 
R1-1900500
	Source 
R1-1900935
	Source 
R1-1901252

	15 kHz SCS
	2
	1 Tx
	0.54
	0.607
	
	0.49

	
	
	2 Tx
	
	1.464
	
	

	
	4
	1 Tx
	0.71
	0.893
	
	0.66

	
	
	2 Tx
	
	1.893
	
	

	
	7
	1 Tx
	0.93
	1.286
	
	0.93

	
	
	2 Tx
	
	2.429
	
	

	30 kHz SCS
	2
	1 Tx
	0.31
	0.339
	0.357
	0.29

	
	
	2 Tx
	
	0.875
	0.893
	

	
	4
	1 Tx
	0.39
	0.482
	0.5
	0.37

	
	
	2 Tx
	
	1.089
	1.107
	

	
	7
	1 Tx
	0.5
	0.679
	0.679
	0.51

	
	
	2 Tx
	
	1.357
	1.357
	

	60 kHz SCS
	2
	1 Tx
	0.24
	0.259
	0.268
	0.23

	
	
	2 Tx
	
	0.688
	0.696
	

	
	4
	1 Tx
	0.28
	0.33
	0.339
	0.27

	
	
	2 Tx
	
	0.83
	0.839
	

	
	7
	1 Tx
	0.34
	0.429
	0.429
	0.34

	
	
	2 Tx
	
	0.929
	0.929
	



Table 6.3.2.1-2: Uplink user plane latency (in ms) for 1 (initial) transmission and 2 transmissions (initial and one retransmission) for different PUSCH durations in FDD.
	 
	PUSCH duration (symbols)
	Num. Tx
	Source 
R1-1900156
	Source 
R1-1900500
	Source 
R1-1900935
	Source 
R1-1901252

	
	
	
	
	
	
	

	15 kHz SCS
	2
	1 Tx
	0.5
	0.571
	 
	0.52

	
	
	2 Tx
	 
	1.429
	 
	 

	
	4
	1 Tx
	0.74
	1.071
	 
	0.79

	
	
	2 Tx
	 
	2.071
	 
	 

	
	7
	1 Tx
	1.04
	1.286
	 
	1.02

	
	
	2 Tx
	 
	2.786
	 
	 

	30 kHz SCS
	2
	1 Tx
	0.29
	0.321
	0.321
	0.3

	
	
	2 Tx
	 
	0.821
	0.821
	 

	
	4
	1 Tx
	0.41
	0.571
	0.465
	0.43

	
	
	2 Tx
	 
	1.214
	1.108
	 

	
	7
	1 Tx
	0.55
	0.679
	0.679
	0.55

	
	
	2 Tx
	 
	1.429
	1.429
	 

	60 kHz SCS
	2
	1 Tx
	0.23
	0.250
	0.25
	0.24

	
	
	2 Tx
	 
	0.679
	0.679
	 

	
	4
	1 Tx
	0.29
	0.375
	0.375
	0.3

	
	
	2 Tx
	 
	0.875
	0.875
	 

	
	7
	1 Tx
	0.37
	0.429
	0.429
	0.36

	
	
	2 Tx
	 
	0.929
	0.929
	 




For TDD, assuming UE processing time of capability 2 with PDCCH periodicity of 1 OFDM symbol, the one-way user plane latency from different sources are shown in Tables 6.3.2.1-3 and 6.3.2.1-4 for DL and UL, respectively. The slot patterns [7D,1S,6U] (R1-1900156) and [7D,7U] (R1-1900500) have been considered.

Table 6.3.2.1-3: Downlink user plane latency (in ms) for 1 (initial) transmission and 2 transmissions (initial and one retransmission) for different PDSCH durations in TDD.
	 
	PDSCH duration (symbols)
	Num. Tx
	Source 
R1-1900156
([7D,1S,6U])
	Source 
R1-1900500
([7D,7U])

	
	
	
	
	

	15 kHz SCS
	2
	1 Tx
	0.72
	 

	
	
	2 Tx
	 
	 

	
	4
	1 Tx
	0.95
	 

	
	
	2 Tx
	 
	 

	
	7
	1 Tx
	1.29
	 

	
	
	2 Tx
	 
	 

	30 kHz SCS
	2
	1 Tx
	0.4
	0.5893

	
	
	2 Tx
	 
	1.125

	
	4
	1 Tx
	0.51
	0.7321

	
	
	2 Tx
	 
	1.3393

	
	7
	1 Tx
	0.68
	0.9286

	
	
	2 Tx
	 
	1.6071

	60 kHz SCS
	2
	1 Tx
	0.29
	0.3839

	
	
	2 Tx
	 
	0.8839

	
	4
	1 Tx
	0.35
	0.4554

	
	
	2 Tx
	 
	1.0446

	
	7
	1 Tx
	0.43
	0.5536

	
	
	2 Tx
	 
	1.1429



Table 6.3.2.1-4: Uplink user plane latency (in ms) for 1 (initial) transmission and 2 transmissions (initial and one retransmission) for different PUSCH durations in TDD.
	 
	PUSCH duration (symbols)
	Num. Tx
	Source 
R1-1900156
([7D,1S,6U])
	Source 
R1-1900500
([7D,7U])

	
	
	
	
	

	15 kHz SCS
	2
	1 Tx
	0.62
	 

	
	
	2 Tx
	 
	 

	
	4
	1 Tx
	1.07
	 

	
	
	2 Tx
	 
	 

	30 kHz SCS
	2
	1 Tx
	0.35
	0.6071

	
	
	2 Tx
	 
	1.1071

	
	4
	1 Tx
	0.57
	0.8214

	
	
	2 Tx
	 
	1.8214

	
	7
	1 Tx
	 
	0.9286

	
	
	2 Tx
	 
	1.9286

	60 kHz SCS
	2
	1 Tx
	0.26
	0.3929

	
	
	2 Tx
	 
	0.8929

	
	4
	1 Tx
	0.38
	0.5

	
	
	2 Tx
	 
	1

	
	7
	1 Tx
	 
	0.5536

	
	
	2 Tx
	 
	1.3036



Other sources (R1-1900180, R1-1901072) also reported latency analysis in different ways, which also show that the 0.5ms latency target can be met. The latency analysis with other PDCCH periodicities and UE capability 1 have also been considered. 
The 0.5 ms latency target analysis lead to the following RAN1 conclusions:
· For 15 kHz SCS, the 0.5ms one-way latency target cannot be achieved with Rel-15 NR.
· For FDD, the 0.5ms one-way latency target can be achieved for both DL and UL for 30kHz (and higher) SCS with Rel-15 NR for single shot transmission.
· For TDD:
· For 30kHz SCS, some analysis shows the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration, whereas other analysis indicates that it cannot be achieved with Rel-15 NR for the respectively assumed UL/DL configuration. 
· For 60kHz (and higher) SCS, the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration for both DL and UL with Rel-15 NR for single-shot transmission. 

6.3.2.2	Reliability
Based on the LS from RAN2 in R2-1816043, the reliability targets of 99,99% (i.e. 1e-4) and 99,9999% (i.e. 1e-6) are considered as PDCP data duplication may be used to increase the reliability. The reliability analysis has been carried out for the following Case I using the IMT-2020 evaluation methodology: 
	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



On one hand, the SINR distribution for DL and UL channels with full-buffer traffic is determined using the system-level simulator to find the 5th-percentile. On the other hand, single UE link level simulation is performed to find the BLER performance versus SINR. The corresponding 5th-percentile SINR values are then used to check against the link level performance to see if the reliability of 1e-4 to 1e-6 can be achieved or not. The evaluation assumptions follow the link and system level evaluation assumptions for the Factory Automation use case described in Sec. A.2.2 of TR 38.824 with the following modifications:
· Modified system level evaluations assumption (on top of Sec. A.2.2 of TR 38.824):
· 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.
· Modifed link level evaluations assumptions (on top of Sec. A.2.2 of TR 38.824):
· Channel model: TDL-D 30ns.
· UE speed: 3km/h.
· Payload size for PDSCH/PUSCH: 50 bytes.
· PDCCH aggregation level: 16.
[bookmark: _GoBack]
All sources that provided the analysis showed that the 5th-percentile SINR is adequate to achieve the reliability of 1e-6 with a large margin. The 5th-percentile SINR and the required SINR to achieve the reliability of 1e-4 and 1e-6 from different sources are shown in Table 6.3.2.2-1 for both DL and UL. Details on simulation results can be found in R1-1901456.
Table 6.3.2.2-1: The SINR (dB) at 5%-tile, 1e-4 and 1e-6 error rate for 
PDCCH, PDSCH and PUSCH from different sources.
	[bookmark: _Hlk989458]
	Source
R1-1900156
	Source
R1-1900180
	Source
R1-1900935
	Source
R1-1901072

	
	1e-4
	1e-6
	5%-tile
	1e-4
	1e-6
	5%-tile
	1e-4
	1e-6
	5%-tile
	1e-4
	1e-6
	5%-tile

	PDCCH
	-9.4
	-8.2
	-3.38
	-8.2
	-7
	2
	-0.5
	3
	59.7
	
	
	8.84

	PDSCH
	-7.9
	-6
	-3.38
	-4.1
	-2.9
	2
	-1
	1.4
	59.7
	
	
	

	PUSCH
	-7.9
	-6
	-2.74
	-4.1
	-2.9
	2
	-1
	1.4
	10.9
	-7.2
	-5.85
	1.1



[bookmark: _Hlk536158423]On reliability analysis using single UE link level evaluations, RAN1 makes the following conclusions: 
· For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication). It is RAN1 conclusion that PDCP duplication is not always available/applicable.

6.3.2.3	Synchronization accuracy
Based on a request by SA2 in S2-189051 and further clarification by RAN2 in R2-1816043, RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface between a gNB and a UE. The effects of the granularity and accuracy of the absolute timing indication information provided by the gNB are not considered. 
RAN1 identified, that the achievable time synchronization accuracy is dependent on the maximum gNB-to-UE distance in case the UE would not compensate for the radio propagation delay between gNB and UE. Therefore, RAN1 evaluated the achievable accuracy for the case without UE propagation delay compensation for various gNB-to-gNB inter-site distances (ISD) as well as for the case with UE propagation delay compensation. 
The evaluation results on maximum timing synchronization error for different inter-site distances without UE propagation delay compensation are summarized in Table 6.3.2.3-1, while the results on maximum timing synchronization error with UE propagation delay compensation are shown in Table 6.3.2.3-2.

Table 6.3.2.3-1: Summary of maximum timing synchronization error results for 
different inter-site distances without UE propagation delay compensation.
	
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Source  
R1-1900156
	[-278ns,376ns]
	[-147ns,245ns]
	
	[-82ns,180ns]

	Source
R1-1900903
	355ns (114m ISD)
	
	
	

	Source
R1-1900935
	215ns (20m ISD)
315ns (60m ISD)
	
	
	

	Source (1) 
R1-1901072
	133ns (10m ISD)
	
	
	

	Source
R1-1901252
	506ns (20m ISD)
	441ns (20m ISD)
	343ns (20m ISD)
	

	Source
R1-1901353
	315ns (10m ISD)
350ns (20m ISD)
1080ns (250m ISD)
	
	
	

	(1) Half of the reported values of R1-1901072 are included in this table, to align the results with the other sources and to only account for gNB-to-UE and not UE-to-UE synchronization accuracy.



Table 6.3.2.3-2: Summary of maximum timing synchronization error results 
with UE propagation delay compensation.
	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	Source
R1-1900156
	488ns
	357.5ns
	276.5ns

	Source
R1-1901334
	505ns
	371ns
	287.5ns

	Source
R1-1900935
	472.5ns
	338.5ns
	

	Source
R1-1901252
	536ns
	438ns
	357ns



Based on the evaluation results, the following has been observed:
· If a UE were not to apply propagation delay compensation, a gNB-to-UE timing synchronization accuracy of 
· 130 to 376ns for an ISD of 10m (3 sources)
· 215 to 506ns for an ISD of 20m (3 sources)
· 315 ns for an ISD of 60m (1 source)
· 355ns for an ISD of 114m (1 source)
· 1080ns for an ISD of 250m (1 source)
based on the RAN1 agreed evaluation assumptions can be achieved for Rel-15 NR with 15kHz SCS. The achievable accuracy without propagation delay compensation becomes worse as the ISD increases. 2 out of 6 sources note that a better synchronization accuracy can be achieved for higher SCS (i.e. the higher the SCS, the better the accuracy).
· If a UE were to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns (from a total of 4 sources) for 15kHz SCS can be achieved independently of the ISD. The synchronization accuracy with propagation delay compensation improves for higher SCS (i.e. the higher the SCS, the better the accuracy).
· For small service areas with dense small cell deployments a propagation delay compensation by the UE is not required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (inter-site distances >200m to achieve a synchronization accuracy better than 1us).

The related following conclusions of the physical layer aspects of the achievable timing synchronization accuracy have been informed to SA1, SA2, RAN2 and RAN3 in LS R1-1901470: 
A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us).
· [bookmark: _Hlk536097374]Note that the RAN1 analysis does 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.

-------------------------end of text proposal---------------------------

