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1 Introduction
In RAN1 #95, the following agreement was made for the incoming LS from RAN 2[1]: 

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

· Update on Friday, R1-1814279 – see below

· For the analysis of time synchronization accuracy,

· RAN1 analysis only considers Uu interface (i.e., between gNB and a single UE).

· RAN1 does not consider the effects of the granularity & accuracy of the absolute timing indication information by the gNB, and assumes perfect timing is sent by the gNB.

· 100 square meter service area is assumed (as required in TR 22.804 for <1us accuracy).

· Companies may in addition report values for larger service areas / ISDs. But it will be subject to further discussion whether to include such analysis in the LS reply.

This contribution provides evaluation for the latency and reliability, as well as analysis on time synchronization for factory IoT. 
2 Latency and reliability evaluation

2.1 Geometry SINR
Based on the agreed evaluation assumption (as Table 4 in Appendix), Geometry SINR for UL and DL are simulated. Some other assumptions reported by company can be found in Table 1. 
Figure 1 shows the uplink geometry SINR for factory automation with new layout agreed in RAN 1 #95 (as in Table 4 in Appendix) .Based on the evaluation results, we can obtain the 5%-ile SINR shown in Table 2, i.e., 1.1dB for single cell and -0.5dB for multi-cell case. 

Observation #1: The Q value (5%-ile) SINR for UL is 1.1dB for single cell and -0.5dB for multi-cell. 
Table 1 Evaluation assumptions for UL
	Scenario
	UE Power control 
	Downtilt (degrees)
	UE number per cell
	Layout

	Factory automation
	P0 = -90dBm, α = 1
	180
	40
	Single cell / 9 cells
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Figure 1. Uplink geometry SINR for factory automation

Table 2 5th percentile uplink SINR

	Factory automation, single cell
	Factory automation, multi-cell

	1.1 (dB)
	-0.5 (dB)


Figure 2 shows the downlink geometry having the same assumption with uplink geometry result. Table 2 presents 5%-time SINR from Figure 2. The reason why single cell shows higher 5th percentile SINR than 9 cells is that there is no interference from other BSs in case of single cell. 
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Figure 2. Downlink geometry SINR for factory automation

Table 3. 5th percentile downlink SINR

	Factory automation, single cell
	Factory automation, multi-cell

	8.84 (dB)
	-3.4 (dB)


Observation #2: The Q value (5%-ile) SINR for DL is 8.84dB for single cell and -3.4dB for multi-cell. 
2.2 Latency analysis
In order to meet 0.5ms latency requirement, it assumes grant based scheduling in case of downlink and grant-free scheduling in case of uplink depending. Table 3 shows how many transmissions can be possible within 0.5ms depending on subcarrier spacing and scheduled OFDM symbols. Detailed procedures to calculate latency budget and assumptions are given in our companion contribution [3]. 
Table 3: The maximum number of transmission within 0.5ms in Rel-15 NR
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DL 0 0 0 1 1 0 1 1 1

UL 0 0 0 1 1 0 1 1 1

15kHz 30kHz 60kHz


Table 3 shows that any scheduling cannot support 0.5ms latency in case of 15kHz, 2/4 symbol scheduling can satisfy 0.5ms latency in case of 30kHz and all (2/4/7) scheduling can satisfy 0.5ms latency in case of 60kHz. It is noticed that at least HARQ retransmission is not possible in FR1. For evaluating reliability of 10-6, it is assumed that gNB schedules one transmission with 4 symbol PDSCH/PUSCH and 30kHz subcarrier spacing among possible combinations to satisfy latency requirement of 0.5ms. 
Observation #3: In case of grant based downlink scheduling and grant-free based uplink scheduling, 2/4 symbol data scheduling for 30kHz and 2/4/7 symbol data scheduling for 60kHz satisfy the latency requirement of 0.5ms. 
2.3 Reliability analysis
Figure 3 shows the BLER performance for use case I in [1] with MCS = 3/4/5 assuming 4 symbols. More details assumption can be found in Table 5 in appendix. The required SINR for PUSCH to achieve 10-6 BLER is about -5.85dB for MCS 5, which is much lower than the Q value (1.1dB for single cell and -0.5dB for multi-cell.) from the SLS evaluation result provided in section 2.1. For PDSCH, since the evaluation assumption is 4Rx and 4Tx, it is expected to have better performance than PUSCH with 1Tx and 4 Rx in the simulation. Therefore,   10-6 reliability requirement and 0.5ms latency requirement can be achieved for both PUSCH and PDSCH for the use case I  in [1].
Observation #4: 0.5ms latency and 10-6 reliability can be achieved for PUSCH/PDSCH with 50 bytes.  
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Figure 3. BLER for PUSCH
3 Analysis on time synchronization 
In the LS [1] from RAN 2, RAN2 requested RAN1 to analyze the time synchronization accuracy achievable over Uu interface. Since RAN 1 only considers the synchronization accuracy over Uu interface, there is no need to consider the time difference between gNBs. Therefore, as shown in Figure 4, we only need to consider the time difference between UEs connected to the same gNB. The general procedure for UE to obtain and adjust the timing is that:

· UE obtains reference DL timing by receiving a reference DL channel
· Estimation error between actual and estimation DL reference timing

· UE obtain TA command from gNB and adjust TA based on the command

· TA estimation error

· UE transmission error

· gNB estimation error

· Quantization error due to TA granularity

· TA adjustment error

Considering 100 square meter service area, and base station is placed in the middle of 10m × 10m , we can assume the max distance between UE  to gNB is about 10m, which result in 33ns propagation delay. In this case, TA adjustment may not be needed. Therefore, the procedure for UE to obtain timing can be simplified to:
· UE obtains reference DL timing by receiving a reference DL channel

· Estimation error between actual and estimation DL reference timing

Based on the evaluation result provided in [5] for TDL-C, the estimation error for UE is expected much lower than 100ns for TDL-D 30ns assumption. Therefore, the total relative time difference between two UEs connected to one gNB is (estimation error + propagation delay) ×2 < (33+100) ×2 = 266ns <1us. 
Besides the above impacts, gNB need to broadcast a reference time, which will also have a quantization error. If different UE implemtation has different understanding on the reference time, the quantization error shall also be considered.  In Rel-15 NR, the granularity of the time information is 10ms, which is too large compared with the requirement. In Rel-15 LTE HRLLC discussion, a new IE carrying time reference information with 0.25us granularity was defined.  If in Rel-16 NR, new time reference information with smaller granularity can be introduced, <1us time synchronization accuracy can be achieved without TA adjustment within 100 square meter service area. 
Observation #5: With new time reference information with smaller granularity, <1us time synchronization accuracy can be achieved without TA adjustment within 100 square meter service area.
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Figure 4 
4 Conclusions
In this contribution, it discussed evaluation results for the LS reply to R1-1812110. Following observations are made.
Observation #1: The Q value (5%-ile) SINR for UL is 1.1dB for single cell and -0.5dB for multi-cell. 
Observation #2: The Q value (5%-ile) SINR for DL is 8.84dB for single cell and -3.4dB for multi-cell. 
Observation #3: In case of grant based downlink scheduling and grant-free based uplink scheduling, 2/4 symbol data scheduling for 30kHz and 2/4/7 symbol data scheduling for 60kHz satisfy the latency requirement of 0.5ms. 
Observation #4: 0.5ms latency and 10-6 reliability can be achieved for PUSCH/PDSCH with 50 bytes.  
Observation #5: With new time reference information with smaller granularity, <1us time synchronization accuracy can be achieved without TA adjustment within 100 square meter service area.
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Appendix
Table 4 Simulation assumptions for SLS 

	Factory automation (4GHz)

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Note: Other values are not precluded for evaluation 
For 4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 
For 8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (2, 2, 2, 1, 1; 2, 2)

	BS antenna height
	10 m
Note: Other value (e.g. 3 m) is not precluded for evaluation

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

Note: Other UE antenna configurations for evaluation are not precluded
For 4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 
For 8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (2, 2, 2, 1, 1; 2, 2)

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

Note: Companies report the modification of the layout

	UE antenna gain
	0dBi as starting point

	BS Tx power
	24 dBm per 20 MHz 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	UE receiver noise figure
	9 dB

	SCS 
	30 kHz

Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	40 MHz

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

	Channel model 
	ITU InH for 4 GHz

Companies report the modification of the channel model 

	Number of UEs per cell
	Up to 40

Note: Example of the number of users can be 5, 10, 20, 30, 40

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

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic


Table 5 Simulation assumption for LLS
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-D 30ns

	UE speed
	3 km/h 

	BS antenna configuration
	4 Rx antenna ports  

	UE antenna configuration
	1 Tx/2Rx

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical 

For PUSCH: 1 DMRS

	Receiver type
	MMSE

	TBS
	51 bytes

	MCS
	3~5  for PUSCH

	OFDM symbol number
	4 symbols for PUSCH
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