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1 Introduction
In last RAN2 meeting, we provided some initial evaluation [1] of the scheduling capacity based on a simple Poisson distribution traffic model.
In this contribution, we propose to further discuss the scheduling capacity based on the gaming, web browsing and video telephony traffic models referred to in the NGMN evaluation method [2].

2 Discussion
In this section, we provide simulation results for gaming, http and video telephony:
-
Average resource usage ratio (usage vs. available resources) for PDCCH, PDSCH and PUSCH respectively
-
Average delay (in seconds) for downlink and uplink packets

Detailed simulation assumptions are included in annex.
2.1 Gaming
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Figure 1: Average resource usage ratio for different channels (3 OFDM symbols for PDCCH)
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Figure 2: Average delay for DL and UL packets
(3 OFDM symbols for PDCCH)
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Figure 3: Average resource usage ratio for different channels (2 OFDM symbols for PDCCH)
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Figure 4: Average delay for DL and UL packets 
(2 OFDM symbols for PDCCH)


2.2 Http
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Figure 5: Average resource usage ratio for different channels (3 OFDM symbols for PDCCH)
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Figure 6: Average delay for DL and UL packets 
(3 OFDM symbols for PDCCH)
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Figure 7: Average resource usage ratio for different channels (2 OFDM symbols for PDCCH)
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Figure 8: Average delay for DL and UL packets 
(2 OFDM symbols for PDCCH)


2.3 Video telephony
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Figure 9: Average resource usage ratio for different channels (3 OFDM symbols for PDCCH)
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Figure 10: Average delay for DL and UL packets 
(3 OFDM symbols for PDCCH)
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Figure 11: Average resource usage ratio for different channels (3 OFDM symbols for PDCCH)
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 Figure 12: Average delay for DL and UL packets 
(2 OFDM symbols for PDCCH)


2.4 Analysis
2.4.1 Simulation assumptions and results
Based on these results, we observe that:
1)
For gaming / video telephony, the PDCCH usage ratio is much higher than the PDSCH and PUSCH usage ratios

2)
For http, the PDCCH usage ratio is lower, but is still 50% to 80% of the PDSCH usage ratio
3)
The average packet delay is increasing very quickly when the PDCCH usage ratio reaches 80%
Table 1: PDSCH, PUDSCH and PDCCH resource usage
	
	OFDM number
	PDCCH usage ratio
	PDSCH usage ratio
	PUSCH ratio

	Gaming
100 UEs
	3
	55%
	35%
	17%

	
	2
	87%
	33%
	15%

	Http
500 UEs
	3
	27%
	52%
	8%

	
	2
	43%
	53%
	9%

	Video telephony 100 UEs
	3
	81%
	65%
	72%

	
	2
	97%
	54%
	63%


To appreciate the results in the above table, the following aspects should be considered: 
-
The usage of CCEs available for PDCCH by other channels/signals is not simulated
In the above simulations, all the CCEs available for PDCCH are used for scheduling dedicated UEs, while in fact a number of CCEs (up to 16 CCEs) should be used for CSS for SI, Paging, RA and TPC. Possibly, only 2 OFDM symbols (i.e. about 25 CCEs) are available for dedicated UE scheduling when 3 OFDM symbols (i.e. about 41 CCEs totally) are allocated for PDCCH, and only 1 OFDM symbols (i.e. about 10 CCEs) available for dedicated UE scheduling when 2 OFMD symbols (i.e. about 25 CCEs totally) for PDCCH; 
-
Restrictions on CCE usage are not simulated
There are totally 41 or 25 CCEs to be used for PDCCH but not all the CCEs can be available for scheduling because although there are some CCEs remaining, but they are not the ones some UEs can use (especially for the UEs which need more CCEs to receive PDCCHs), so the maximum PDCCH ratio is normally less than 100%.
-
Other simplifications
ROHC is not used, TCP connection setup and release for each page of http is not considered. RRC/NAS signaling is not considered.
Considering all the above aspects, there is some inaccuracy in the evaluation of the PDCCH load. However, in order to assess the PDCCH load, we may consider the results with 1 less OFDM symbol than what is theoretically available.
Proposal 1: Discuss and confirm if the method to evaluate PDCCH load is accurate or if certain improvements should be considered.
2.4.2 QoS requirements and traffic mixes
In [3], 3GPP specified standard QCI characteristics to ensure that applications / services mapped to a particular QCI receive the same minimum level of QoS in multi-vendor network deployments and in case of roaming. The delay budget requirement for the air interface is indicated in table 2.

Table 2: Available delay budget on the air interface
	Example Services
	Delay buget for air interface 

	Conversational Voice
	80ms

	Conversational Video (Live Streaming)
	130ms

	Real Time Gaming
	30 ms

	Non-Conversational Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)
	280ms


NGMN considered a mixed to be used for LTE radio performance evaluation such as in table 3.

 Table 3: Example of user traffic mix
	Application
	Percentage of users

	FTP
	10%

	Web Browsing / HTTP
	20%

	Video streaming
	20%

	VoIP
	30%

	Gaming
	20%


However, realistic mixes may be different in different networks and change over time. Also, a wider variety of applications as mentioned in [4] such as IM, several kinds of online games, facebook, etc, may become more and more popular in the future. 

Proposal 2: Discuss and confirm the need or not for new traffic models and the expected traffic mixes to evaluate scheduling capacity.
3 Conclusion
We performed simulations to determine average packet delay and PUSCH, PDSCH and PDCCH resource usage ratio.

These simulations show that:

1)
For gaming / video telephony, the PDCCH usage ratio is much higher than the PDSCH and PUSCH usage ratios

2)
For http, the PDCCH usage ratio is lower, but is still 50% to 80% of the PDSCH usage ratio

3)
The average packet delay is increasing very quickly when the PDCCH usage ratio reaches 80%
In order to accurately assess the potential shortage of PDCCH resources, we propose to:
Proposal 1: Discuss and confirm if the method to evaluate PDCCH load is accurate or if certain improvements should be considered.
Proposal 2: Discuss and confirm the need or not for new traffic models and the expected traffic mixes to evaluate scheduling capacity.
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Annex A: Simulation assumptions
	Simulation case： 
	3GPP CASE1 

	Simulation time： 
	10~60 s 

	Carrier number： 
	1 

	UE number  Per Sector： 
	10~700 

	TFBlock Number 
	50 

	System Bandwidth 
	10M 

	Total CCE Number 
	41 for 3 OFDM
25 for 2 OFDM


In the simulations for both using 3 and 2 OFDM symbols, we assume all the CCEs allocated for PDCCH are used for scheduling dedicated UEs, that means, the PDCCH consumption by SIB, Paging, RA procedure, TPC procedure are not considered. If these factors are considered, the actual CCEs available for PDCCH should be much less.

Annex B:
Traffic models
B.1
Gaming
	Component
	Distribution
	Parameters
	PDF

	
	DL
	UL
	DL
	UL
	

	Initial packet arrival
	Uniform
	Uniform
	a = 0,

b = 40 ms
	a=0,

b=40 ms
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	Packet arrival time

	Extreme
	Extreme
	a = 50 ms,

b = 4.5 ms

	a = 40 ms,

b = 6 ms
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	Packet size
	Extreme
	Extreme
	a = 330 bytes,

b = 82 bytes

	a = 45 bytes, b = 5.7 bytes
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B.2
Http

	Component
	Distribution
	Parameters
	PDF

	Main 

object 

size (SM)
	Truncated Lognormal
	Mean = 10710 bytes

SD = 25032 bytes

Min = 100 bytes

Max = 2 Mbytes  (before truncation)
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if x>max or x<min, discard and generate a new value for x

	Embedded object size (SE)
	Truncated Lognormal
	Mean = 7758 bytes

SD = 126168 bytes

Min = 50 bytes

Max = 2 Mbytes   (before truncation)
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f x>max or x<min, discard and generate a new value for x

	Number of embedded objects per page (Nd)
	Truncated Pareto
	Mean = 5.64

Max. = 53                 (before truncation)
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Subtract k from the generated random value to obtain Nd

if x>max, discard and regenerate a new value for x

	Reading time (Dpc)
	Exponential
	Mean = 30 sec
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( = 0.033

	Parsing time (Tp)
	Exponential
	Mean = 0.13 sec
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B.3
Video telephony

	Parameter
	Value

	Service
	Video Telephony

	Video Codec
	MPEG-4

	Protocols
	UDP

	Scene Length (sec)
	Session duration

	Direction
	Bi-direction (DL and UL)

	Frames/sec
	25 frames/sec

	GOP
	N=12, M=3

	Display size
	176x144

	Color depth (bit)
	8

	Video Quality 
	Medium

	Mean BW
	110 kbps

	I frame size (byte)
	Weibull(
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863), shift=3949,                          μ= 4742 , σ=178 ,  min=4034, max=5184

	P frame size (byte)
	Lognormal(μ=259 , σ=134), min=100, max=1663

	B frame size (byte)
	Lognormal(μ=147 ,σ=74), min=35, max=882
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