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1. Introduction
In RAN2#90 meeting,  it was agreed that for real time application the system capacity would be studied in the latency reduction SI. 
In [1], it was mentioned that Lower packet data latency could increase the number of transmission attempts possible within a certain delay bound; hence higher BLER targets could be used for the data transmissions, freeing up radio resources but still keeping the same level of robustness for users in poor radio conditions.  

According to it, this document gives our analysis on the contribution of shortened TTI and higher BLER target to the system capacity in VoLTE application.
2. Discussion
2.1. Evaluation method
In our simulation, system capacity is evaluated based on the PRB occupation of each voice packet，i.e. the fewer PRBs allocated to carry one voice packet, the more VoLTE users the system can support simultaneously. To compare the result of the different TTI length and different initial BLER target, the same residual BLER (i.e. the BLER after HARQ retransmission)  target is assumed.

The evaluation method on the average PRB occupation is given in detail in the following:

1) Obtain MCS distribution of each initial BLER target
Based on the simulation parameters given in section 5, obtain the MCS distribution via simulation based on the different initial BLER target (i.e. 10%, 15%, 20%, 30%), i.e. 
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 and the corresponding probability (
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 for short);

2) Calculate how many PRBs(i.e. 
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)   are needed to carry one typical voice packet base on each MCS level (i.e. 
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) and each TTI length value
Note1: for shortened TTI length, the calculation is based on scaled TBS;
Note2:we assume 40Bytes is the typical voice packet size;
Note3:PRB is denoted as 12 subcarriers in frequency domain and 1ms in time domain in this contribution.
3) Based on step 1 and 2, calculate average PRB number (i.e. Avrg_init_PRB_occup) for one voice packet with the following formula 
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Note: For each initial BLER target and TTI length combination, we get an average PRB number. 
4) Based on step 3, calculate the average PRB number considering retransmission (average PRB number with HARQ for short)
a) Calculate how many HARQ transmission times needed for each initial BLER target to achieve the target residual BLER 
· For voice service, the target residual BLER is 1%.

Note: When initial BLER sets to 10%, the residual BLER can reach 1% with the minimum HARQ transmission times set to 2. 
· Calculate the minimum HARQ transmission times for each initial BLER target
	Initial BLER Target
	HARQ Tx Num
	Residual BLER 

	10%
	2
	1%

	15%
	3
	0.34%

	20%
	3
	0.8%

	30%
	4
	0.81%


b) Calculate the average PRB number with HARQ (i.e. Avrg_PRB_occup) with the following formula:
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Where, 
[image: image7.wmf]ini_BLER

 is the initial BLER target, n is the HARQ transmission number obtained in step-4a. 

2.2. Evaluation result
· Step-1: MCS distribution

Figure-1 gives the MCS distribution from system level simulation. The higher initial BLER target is, the higher MCS level is selected. 
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Figure-1 MCS distribution for each initial BLER target
· Step-2: calculate PRB Number (i.e. 
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Prb_num

) for each initial BLER target and TTI length combination 
The result is shown in Table-1.
Table-1 PRB number need to carry one voice packet  (size = 40Bytes)
	TTI length
	Unit
	MCS0
	MCS1
	MCS2
	MCS3
	MCS4
	MCS5
	MCS6
	MCS7
	MCS8
	MCS9

	14-symbol
	1 PRB
	12
	9
	8
	6
	5
	4
	4
	3
	3
	3

	7- symbol
	1/2 PRB
	24
	19
	15
	12
	10
	8
	7
	6
	5
	5

	1- symbol
	1/14 PRB
	162
	124
	100
	77
	63
	51
	43
	37
	32
	29

	TTI length
	Unit
	MCS10
	MCS11
	MCS12
	MCS13
	MCS14
	MCS15
	MCS16
	MCS17
	MCS18
	MCS19

	14-symbol
	1 PRB
	3
	2
	2
	2
	2
	2
	2
	2
	1
	1

	7- symbol
	1/2 PRB
	5
	4
	4
	3
	3
	3
	3
	3
	3
	2

	1- symbol
	1/14 PRB
	29
	26
	23
	20
	18
	16
	15
	15
	14
	13

	TTI length
	Unit
	MCS20
	MCS21
	MCS22
	MCS23
	MCS24
	MCS25
	MCS26
	MCS27
	MCS28
	

	14-symbol
	1 PRB
	1
	1
	1
	1
	1
	1
	1
	1
	1
	

	7- symbol
	1/2 PRB
	2
	2
	2
	2
	2
	2
	2
	2
	1
	

	1- symbol
	1/14 PRB
	12
	11
	10
	9
	9
	8
	8
	8
	7
	


Note: for 7-symbol and 1-symbol cases, the PRB number should be normalized to 1ms TTI length, so the actual value (prb_num) we use to calculate the average PRB occupation is the (value in table * unit), for example, 1-symbol, MCS0, the value is 162, so the prb_num = 162/14.
· Step-3/4: Calculate Avrg_init_PRB_occup and Avrg_PRB_occup
Based on MCS distribution in Figure-1 and the PRB number in Table-1, the average initial PRB occupation and the average PRB occupation with HARQ are calculated.

Table-2 Average PRB occupation

	14-symbol  TTI
	Init BLER
	Total Tx Num
	residual BLER
	average initial PRB occupation
	average PRB occupation with HARQ

	
	
	
	
	value
	gain
	value
	gain

	
	10%
	2
	1.00%
	2.5224
	0.00%
	2.7747
	0.00%

	
	15%
	3
	0.34%
	2.3486
	6.89%
	2.7538
	0.75%

	
	20%
	3
	0.80%
	2.2428
	11.08%
	2.7811
	-0.23%

	
	30%
	4
	0.81%
	2.1106
	16.33%
	2.9907
	-7.78%

	

	7-symbol TTI
	Init BLER
	Total Tx Num
	residual BLER
	Initial PRB Num
	PRB Num with HARQ

	
	
	
	
	value
	gain
	value
	gain

	
	10%
	2
	1.00%
	2.3229
	0.00%
	2.5552
	0.00%

	
	15%
	3
	0.34%
	2.1476
	7.55%
	2.5181
	1.45%

	
	20%
	3
	0.80%
	2.0387
	12.23%
	2.5279
	1.07%

	
	30%
	4
	0.81%
	1.9061
	17.94%
	2.7010
	-5.71%

	

	1-symbol TTI
	Init BLER
	Total Tx Num
	residual BLER
	Initial PRB Num
	PRB Num with HARQ

	
	
	
	
	value
	gain
	value
	gain

	
	10%
	2
	1.00%
	2.0159
	0.00%
	2.2175
	0.00%

	
	15%
	3
	0.34%
	1.8481
	8.32%
	2.1669
	2.28%

	
	20%
	3
	0.80%
	1.7439
	13.49%
	2.1625
	2.48%

	
	30%
	4
	0.81%
	1.6175
	19.76%
	2.2920
	-3.36%



[image: image10]
Figure-2 Average PRB occupation with HARQ
2.3. Analysis
· TTI length

From Figure-2,  it can be seen that for the same initial BLER target, shorter TTI achieves lower average PRB occupation and larger system capacity. The reason is that shorter TTI length leads to smaller physical resource allocation granularity, and then brings higher resource utility.. For example, in Table-1, to transmit one 40Bytes packet, it will cost 2 PRBs for 14-symbol TTI but only 1.5 PRBs for 7-symbol TTI. 
Observation 1: With the same initial BLER target, shorter TTI length brings higher resource efficiency and larger system capacity for VoLTE. 
· Initial BLER target
With the same TTI length, the system capacity is affected by different initial BLER in two aspects:
1) Initial transmission

From the Avrg_init_PRB_occup given in Table-2, it can be seen that higher initial BLER target brings lower PRB occupation. The reason is that the higher initial BLER target makes eNB select higher MCS level while performing scheduling  (from Figure-1), and transmission with higher MCS level would requires fewer PRBs (from Table-1). 
Observation 2: With the same TTI length, higher initial BLER target brings lower PRB occupation for the initial transmission of voice packet.
2) Transmission with HARQ

Taking HARQ retransmission into account, from Table-2 and Figure-2 it can be found that the trend of PRB occupation is different. The reason is that the PRB occupation is affected by both initial PRB occupation and HARQ retransmission times.  It can be noticed that some initial BLER target values improve system capacity but others deteriorate it. Also it can be found that although higher initial BLER target can bring some gain on the system capacity, the maximum gain is not exceed 2.5%, which is not so attractive. 
Observation 3: Set initial BLER target higher than 10%（e.g. 15% in our simulation） may bring slight benefit for VoLTE system capacity.
3. Conclusion
According to the analysis in section 2, the following observations are obtained：
Observation 1: With the same initial BLER target, shorter TTI length brings higher resource efficiency and larger system capacity for VoLTE. 
Observation 2: With the same TTI length, higher initial BLER target brings lower PRB occupation for the initial transmission of voice packet.
Observation 3: Set initial BLER target higher than 10%（e.g. 15% in our simulation） may bring slight benefit for VoLTE system capacity.
Based on these observations, it is proposed:

Proposal: Capture the section 2 into the TR36.881.
4. Reference
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5. Annex

Simulation parameters
	Parameter
	Assumption

	System bandwidth
	10 MHz

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 3 cells per site, with wrap-around

	Number of UEs
	30 per cell

	Antenna configuration
	eNB 2x2; UE:1x2

	MIMO TM
	TM2

	eNB Antenna Gain
	17dBi

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm – 20MHz carrier

	Channel model
	ITU Uma

	Number of MAC HARQ max transmit
	3
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