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1 Introduction
In the email discussion [91-LTE-08] [1], the system level evaluation assumptions for the indoor scenario to obtain the reference SINR of LTE URLLC were discussed. The parameters agreed in the reflector are summarized in Appendix 1. 
This contribution provides the lone-term SINR values of PDSCH, PUSCH and PUCCH for LTE URLLC indoor scenario. 

2 Evaluation results of indoor scenario
The evaluation results shown in this contribution are based on the assumptions given in Appendix 1. Firstly, the CDF curve of coupling loss is given in Figure 1. The detailed values are also given in Appendix 2. It can be seen that the 5% and 50% coupling loss values for indoor scenario are -69.3 dB and -60 dB, respectively. 
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Figure 1 The CDF curve of coupling loss

In the following subsections, we provides the long-term SINR values of different physical layer channels. 

2.1 The long-term SINR of PDSCH

Since the SINR is derived at the antenna connector without combination between ports, the overall statistics for downlink SINR values are based on RSRP (formula (8.1-1) in TR36.873) from antenna port 0. In Figure 2, the CDF curve of long-term SINR for PDSCH is provided. The detailed values are also given in Appendix 2. 
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Figure 2 The CDF curve of SINR for PDSCH
Observation 1: The 5thpercentile SINR of PDSCH for indoor scenario is -2.7dB.

2.2 The long-term SINR of PUSCH

The long-term SINR CDF curve for PUSCH is provided in Figure 3. The detailed values are also given in Appendix 2.  Note, we assume 10 consecutive PRBs are randomly allocated to each UE within one cell.   
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Figure 3 The CDF curve of SINR for PUSCH
Based on Figure 3, we can observe that, 

Observation 2: Assuming 10 consecutive PRBs are randomly allocated to each UE, the 5thpercentile SINR of PUSCH for indoor scenario is -2.6dB. 
2.3 The long-term SINR of PUCCH

For different lengths of PUCCH, the CDF curve of long-term SINR are provided in Figure 4(a), Figure 4(b) and Figure 4(c) respectively. For indoor scenario, the path-loss value is expected to be smaller than UMa scenario. If a minimum UE power is not used, the actual UE power would be very small.  In other words, if a minimum UE power -40dBm is assumed, it would increase the transmitting power for both cell-center UEs and cell-edge UEs. 

As shown in Figure 4(a)-4(c), the blue curve shows SINR values of PUCCH for different lengths under assumption of a minimum -40dBm UE power. The red curve gives results with no limitation on the minimum UE power.

[image: image4.png]CDF [%]

100

90

80

70

60

50

40

30

20

10

-16.0

-11.0

-6.0

-1.0

Without the min UE power

4.0
SINR [dB]

9.0

min UE power =-40d8m

14.0 19.0




Figure 4(a) The CDF curve of SINR for subframe-PUCCH
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Figure 4(b) The CDF curve of SINR for slot-PUCCH
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Figure 4(c) The CDF curve of SINR for subslot-PUCCH
Based on Figure 4(a)-4(c), the following observations can be obtained.  

Observation 3: Based on the minimum UE power limited to -40dBm or not, the 5thpercentile SINR of

· Sub-frame PUCCH is -9.3dB and -4.0dB respectively. 

· Slot PUCCH is -8.9dB and -3.1dB respectively. 

· Sub-slot PUCCH is -7.6dB and -2.4dB respectively. 

3 Conclusion

This contribution provides system level results for LTE URLLC in indoor scenario, and concludes with the following observations: 
Observation 1: The 5thpercentile SINR of PDSCH for indoor scenario is -2.7dB.
Observation 2: Assuming 10 consecutive PRBs are randomly allocated to each UE, the 5thpercentile SINR of PUSCH for indoor scenario is -2.6dB. 
Observation 3: Based on the minimum UE power limited to -40dBm or not, the 5thpercentile SINR of

· Sub-frame PUCCH is -9.3dB and -4.0dB respectively. 

· Slot PUCCH is -8.9dB and -3.1dB respectively. 

· Sub-slot PUCCH is -7.6dB and -2.4dB respectively. 
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5 Appendix 1:  Simulation parameters for indoor scenario
	Parameters
	Indoor

	Carrier frequency for evaluation
	2 GHz

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth
21 dBm for 10 MHz bandwidth 

	Simulation bandwidth
	20 MHz

	UE power class
	23 dBm

	Number of UE antenna elements
	1Tx/Rx, (M,N,P,Mg,Ng)=(1,1,1,1,1), 0° polarization

NOTE: For the purpose of Q derivation

dH = 0.5

	Number of antenna elements per TRxP
	 (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	Handover margin(dB)
	0 (i.e., the strongest cell is selected)

	Beam forming
	Ideal

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	UE speeds of interest
	100% indoor, 3 km/h

	Inter-site interference modeling
	Explicitly modelled

	UL PUCCH power control parameters
	P0, subframe-PUCCH  = -116dBm
P0, slot-SPUCCH         = -113dBm
P0, subslot-SPUCCH   = -108dBm

	UL PUSCH power control parameters
	α=1.0, P0,PUSCH=-106dBm

	BS antenna height
	3 m

	Inter-site interference modelling
	Explicitly  modelled

	BS noise figure
	5 dB

	UE noise figure
	 9dB

	BS antenna element gain
	5 dBi

	UE antenna element gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	UE antenna height
	1.5 m

	Traffic model
	Full buffer

	Device deployment
	100% indoor

Randomly and uniformly distributed over the area

	Number of URLLC UEs/TRxP
	10 UEs

	Bandwidth allocation
	PUSCH: Equal bandwidth
PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)

	Down-tilt angle
	Mechanical tilt : 110 degrees in GCS

Electrical tilt: 90 degrees in LCS

	TRxP per site
	3 TRxP

	Inter-site distance
	40 m for the 3-site deployment (see figure A2.1-1 in 3GPP TR 38.802)

	TRxP boresight
	30/150/270 degrees

	Minimum distance of TRxP and UE
	d2D_min=0m


6 Appendix 2:  Long-term SINR values for indoor scenario 

	Value (dB)
%-title
	Coupling loss
	PDSCH
	PUSCH
	Subframe-PUCCH
	Slot PUCCH
	Sub-slot PUCCH

	
	
	
	
	Min UE power:-40dBm
	Without min UE power
	Min UE power:-40dBm
	Without min UE power
	Min UE power:-40dBm
	Without min UE power

	1
	-79.8
	-4.0
	-3.9
	-15.0
	-4.7
	-13.5
	-4.0
	-10.5
	-3.5

	2
	-73.9
	-3.6
	-3.3
	-12.9
	-4.5
	-12.1
	-3.8
	-9.5
	-3.2

	3
	-71.9
	-3.2
	-3.0
	-11.3
	-4.3
	-10.6
	-3.5
	-8.6
	-2.9

	4
	-70.5
	-2.9
	-2.8
	-10.3
	-4.2
	-9.8
	-3.3
	-8.2
	-2.7

	5
	-69.3
	-2.7
	-2.6
	-9.3
	-4.0
	-8.9
	-3.1
	-7.6
	-2.4

	6
	-68.7
	-2.4
	-2.4
	-8.4
	-3.9
	-8.2
	-3.0
	-7.0
	-2.3

	7
	-68.1
	-2.2
	-2.2
	-7.8
	-3.8
	-7.6
	-2.9
	-6.3
	-2.1

	8
	-67.8
	-2.0
	-2.0
	-7.2
	-3.7
	-6.9
	-2.8
	-5.9
	-2.0

	9
	-67.5
	-1.8
	-1.9
	-6.6
	-3.6
	-6.4
	-2.7
	-5.5
	-1.9

	10
	-67.1
	-1.6
	-1.7
	-6.1
	-3.5
	-5.9
	-2.6
	-5.1
	-1.8

	11
	-66.8
	-1.4
	-1.6
	-5.5
	-3.5
	-5.4
	-2.5
	-4.8
	-1.6

	12
	-66.4
	-1.3
	-1.4
	-5.1
	-3.4
	-5.0
	-2.3
	-4.4
	-1.5

	13
	-66.2
	-1.2
	-1.3
	-4.7
	-3.3
	-4.7
	-2.2
	-4.0
	-1.4

	14
	-65.9
	-1.1
	-1.1
	-4.3
	-3.2
	-4.3
	-2.2
	-3.7
	-1.3

	15
	-65.7
	-0.9
	-1.1
	-3.8
	-3.2
	-3.8
	-2.1
	-3.6
	-1.2

	16
	-65.5
	-0.8
	-0.9
	-3.6
	-3.1
	-3.6
	-2.1
	-3.3
	-1.1

	17
	-65.2
	-0.6
	-0.9
	-3.3
	-3.1
	-3.3
	-2.0
	-3.1
	-1.0

	18
	-64.9
	-0.5
	-0.8
	-3.0
	-3.0
	-3.0
	-1.9
	-2.8
	-0.9

	19
	-64.7
	-0.4
	-0.7
	-2.7
	-3.0
	-2.7
	-1.8
	-2.5
	-0.9

	20
	-64.4
	-0.3
	-0.6
	-2.4
	-2.9
	-2.4
	-1.7
	-2.3
	-0.7

	21
	-64.3
	-0.2
	-0.5
	-2.2
	-2.9
	-2.2
	-1.7
	-2.1
	-0.7

	22
	-64.1
	-0.1
	-0.4
	-2.0
	-2.8
	-2.0
	-1.7
	-2.0
	-0.6

	23
	-63.8
	0.0
	-0.3
	-1.8
	-2.8
	-1.8
	-1.6
	-1.7
	-0.5

	24
	-63.6
	0.1
	-0.2
	-1.5
	-2.7
	-1.5
	-1.5
	-1.5
	-0.5

	25
	-63.4
	0.3
	-0.2
	-1.3
	-2.7
	-1.3
	-1.5
	-1.3
	-0.4

	26
	-63.3
	0.4
	-0.1
	-1.2
	-2.6
	-1.2
	-1.4
	-1.1
	-0.3

	27
	-63.1
	0.5
	0.0
	-1.0
	-2.6
	-1.0
	-1.3
	-1.0
	-0.2

	28
	-63.0
	0.5
	0.1
	-0.8
	-2.6
	-0.8
	-1.3
	-0.8
	-0.2

	29
	-62.8
	0.7
	0.2
	-0.6
	-2.5
	-0.6
	-1.3
	-0.7
	-0.1

	30
	-62.7
	0.7
	0.3
	-0.5
	-2.5
	-0.5
	-1.2
	-0.5
	-0.1

	31
	-62.6
	0.9
	0.4
	-0.4
	-2.4
	-0.4
	-1.2
	-0.4
	0.0

	32
	-62.4
	1.0
	0.5
	-0.2
	-2.4
	-0.2
	-1.1
	-0.2
	0.1

	33
	-62.3
	1.1
	0.6
	0.0
	-2.4
	0.0
	-1.0
	0.1
	0.2

	34
	-62.2
	1.2
	0.7
	0.2
	-2.3
	0.2
	-1.0
	0.2
	0.3

	35
	-62.1
	1.3
	0.7
	0.4
	-2.2
	0.4
	-0.9
	0.4
	0.4

	36
	-61.9
	1.4
	0.8
	0.6
	-2.2
	0.6
	-0.8
	0.5
	0.4

	37
	-61.6
	1.5
	1.0
	0.7
	-2.1
	0.7
	-0.7
	0.7
	0.6

	38
	-61.5
	1.6
	1.0
	0.9
	-2.1
	0.9
	-0.7
	0.8
	0.7

	39
	-61.4
	1.7
	1.1
	1.1
	-2.0
	1.1
	-0.6
	1.0
	0.7

	40
	-61.3
	1.8
	1.2
	1.3
	-2.0
	1.3
	-0.5
	1.2
	0.8

	41
	-61.1
	1.9
	1.3
	1.4
	-2.0
	1.4
	-0.5
	1.4
	0.9

	42
	-61.0
	1.9
	1.4
	1.6
	-1.9
	1.6
	-0.5
	1.6
	1.0

	43
	-60.9
	2.0
	1.6
	1.8
	-1.9
	1.8
	-0.4
	1.8
	1.0

	44
	-60.8
	2.2
	1.6
	1.9
	-1.8
	1.9
	-0.3
	1.9
	1.2

	45
	-60.7
	2.3
	1.7
	2.1
	-1.8
	2.1
	-0.2
	2.1
	1.3

	46
	-60.6
	2.4
	1.9
	2.2
	-1.7
	2.2
	-0.2
	2.2
	1.3

	47
	-60.5
	2.5
	2.0
	2.4
	-1.7
	2.4
	-0.2
	2.4
	1.4

	48
	-60.4
	2.6
	2.1
	2.6
	-1.7
	2.6
	-0.1
	2.6
	1.5

	49
	-60.2
	2.7
	2.2
	2.8
	-1.6
	2.8
	0.0
	2.7
	1.6

	50
	-60.0
	2.8
	2.2
	2.9
	-1.6
	2.9
	0.0
	2.9
	1.7

	51
	-59.9
	3.0
	2.3
	3.1
	-1.5
	3.0
	0.1
	3.0
	1.8

	52
	-59.8
	3.1
	2.5
	3.2
	-1.5
	3.2
	0.2
	3.1
	1.9

	53
	-59.7
	3.2
	2.6
	3.3
	-1.5
	3.3
	0.2
	3.2
	1.9

	54
	-59.5
	3.4
	2.8
	3.4
	-1.4
	3.4
	0.3
	3.4
	2.1

	55
	-59.4
	3.5
	2.9
	3.6
	-1.3
	3.6
	0.4
	3.6
	2.2

	56
	-59.3
	3.6
	3.0
	3.8
	-1.3
	3.8
	0.4
	3.7
	2.3

	57
	-59.1
	3.7
	3.1
	3.9
	-1.3
	3.9
	0.5
	3.9
	2.4

	58
	-59.1
	3.8
	3.1
	4.1
	-1.2
	4.1
	0.6
	4.1
	2.5

	59
	-58.9
	3.9
	3.2
	4.3
	-1.2
	4.3
	0.6
	4.3
	2.6

	60
	-58.8
	4.0
	3.3
	4.5
	-1.2
	4.5
	0.7
	4.4
	2.6

	61
	-58.7
	4.1
	3.4
	4.7
	-1.1
	4.7
	0.7
	4.6
	2.7

	62
	-58.5
	4.3
	3.5
	4.8
	-1.1
	4.8
	0.8
	4.8
	2.8

	63
	-58.4
	4.4
	3.6
	5.0
	-1.1
	4.9
	0.8
	4.9
	2.9

	64
	-58.2
	4.6
	3.7
	5.1
	-1.0
	5.1
	0.9
	5.0
	2.9

	65
	-58.1
	4.7
	3.9
	5.4
	-1.0
	5.4
	0.9
	5.2
	3.0

	66
	-58.0
	4.8
	4.0
	5.6
	-0.9
	5.6
	1.0
	5.5
	3.2

	67
	-57.8
	4.9
	4.1
	5.7
	-0.9
	5.7
	1.1
	5.7
	3.3

	68
	-57.7
	5.0
	4.2
	5.9
	-0.9
	5.9
	1.1
	5.8
	3.3

	69
	-57.6
	5.2
	4.3
	6.1
	-0.8
	6.1
	1.2
	6.0
	3.4

	70
	-57.4
	5.3
	4.4
	6.3
	-0.8
	6.3
	1.2
	6.2
	3.5

	71
	-57.2
	5.5
	4.5
	6.5
	-0.8
	6.5
	1.3
	6.4
	3.6

	72
	-57.1
	5.6
	4.6
	6.7
	-0.7
	6.7
	1.3
	6.6
	3.7

	73
	-56.9
	5.8
	4.8
	7.0
	-0.7
	7.0
	1.4
	6.9
	3.8

	74
	-56.7
	6.0
	4.9
	7.2
	-0.7
	7.2
	1.4
	7.1
	3.9

	75
	-56.6
	6.2
	5.0
	7.3
	-0.6
	7.3
	1.5
	7.3
	4.0

	76
	-56.4
	6.4
	5.1
	7.5
	-0.6
	7.5
	1.6
	7.4
	4.1

	77
	-56.3
	6.6
	5.2
	7.8
	-0.6
	7.8
	1.6
	7.7
	4.2

	78
	-56.2
	6.7
	5.3
	8.0
	-0.5
	8.0
	1.6
	8.0
	4.3

	79
	-56.0
	6.9
	5.4
	8.2
	-0.5
	8.2
	1.7
	8.2
	4.3

	80
	-55.8
	7.0
	5.5
	8.4
	-0.5
	8.4
	1.8
	8.3
	4.5

	81
	-55.6
	7.2
	5.7
	8.6
	-0.4
	8.6
	1.8
	8.5
	4.6

	82
	-55.4
	7.4
	5.8
	8.9
	-0.4
	8.9
	1.9
	8.8
	4.7

	83
	-55.2
	7.5
	5.9
	9.1
	-0.4
	9.1
	1.9
	9.0
	4.8

	84
	-54.9
	7.8
	6.0
	9.3
	-0.3
	9.3
	2.0
	9.2
	4.9

	85
	-54.6
	8.0
	6.2
	9.6
	-0.3
	9.6
	2.0
	9.5
	5.0

	86
	-54.3
	8.2
	6.3
	9.8
	-0.3
	9.8
	2.1
	9.7
	5.1

	87
	-54.0
	8.4
	6.4
	10.1
	-0.3
	10.1
	2.1
	10.0
	5.2

	88
	-53.7
	8.6
	6.5
	10.5
	-0.2
	10.5
	2.2
	10.3
	5.3

	89
	-53.3
	8.8
	6.8
	10.8
	-0.2
	10.8
	2.2
	10.8
	5.4

	90
	-53.0
	9.1
	7.0
	11.1
	-0.2
	11.1
	2.3
	11.0
	5.5

	91
	-52.5
	9.4
	7.2
	11.6
	-0.1
	11.6
	2.3
	11.5
	5.6

	92
	-52.1
	9.9
	7.3
	12.1
	-0.1
	12.1
	2.4
	12.1
	5.8

	93
	-51.6
	10.2
	7.6
	12.5
	-0.1
	12.5
	2.5
	12.4
	5.9


	94
	-50.9
	10.5
	7.9
	13.0
	0.0
	12.9
	2.5
	12.9
	6.0

	95
	-49.9
	11.0
	8.2
	13.6
	0.0
	13.6
	2.6
	13.4
	6.1

	96
	-49.1
	11.3
	8.7
	14.6
	0.0
	14.6
	2.7
	14.4
	6.3

	97
	-48.2
	11.8
	9.4
	15.3
	0.1
	15.3
	2.7
	15.3
	6.5

	98
	-46.8
	12.6
	11.1
	16.8
	0.1
	16.8
	2.9
	16.5
	6.8

	99
	-44.5
	13.4
	12.6
	19.2
	0.2
	19.2
	3.0
	19.2
	7.1
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