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1. Introduction

In the LS [1], SA4 requested RAN1 to provide typical traces of error-delay profiles along with the corresponding simulation parameters and network configurations that generated the traces. This contribution discusses some simulation conditions and includes relevant L1 parameter settings and simulation results. 

2. Discussion of Simulation Conditions

For obtaining some realistic simulation results, imperfections and errors in the control channels may need to be accounted for. In particular, the following items may have some impact on the simulation results and should not be neglected:

· imperfect CQI estimation

· HS-DPCCH transmission errors

· HS-SCCH transmission errors

For obtaining results that are useful in optimizing VoIMS, the entire delay between the input and output of MAC-hs and MAC-es is included in the simulation results. In particular, the delay also includes the delay from the reordering buffer of MAC-hs and MAC-es. 

The cell loading has some large impact on the scheduling of particular UEs and the error-delay profiles obtained for HSDPA. To show this dependency of the error delay profiles, simulation scenarios need to include various cell load conditions.

3. 
Simulation Parameters

3.1    
Network Simulation Parameters

	Parameter
	

	UMTS BS Nominal TX Power [dBm]
	43

	P-CPICH Tx Power [dBm]
	33

	UMTS BS Overhead TX Power [dBm] including paging, sync and P/S-CCPCH
	34 

	UMTS UE TX Power Class [dBm]
	21

	UMTS UE Noise Figure [dB]
	10

	BS Antenna Gain [dBi]
	17.1

	MS Antenna Gain [dBi]
	0

	Shadowing Standard Deviation [dB]
	8

	Path Loss Model: COST 231
	-136+35.22*log10(d), d in km

	Shadow Site to site Correlation
	50%

	Other Losses [dB]
	8

	UMTS BS Antenna

    pattern

    beamwidth [degrees]
	per TR 25.896 v6.0.0 A.3.1.1

65

	Number of MS Antennas
	2

	Propagation Channel Mixture for loading users
	25% AWGN

37% PedB 3 kph

13% PedB 30 kph

13% VehA 30 kph

12% VehA 120 kph

	Number of loading users simulated
	E-DCH: 40 UEs per cell

HSDPA: 40/60/80/100 UEs per cell

	Propagation Channel for the Reference UE
	Case 1: PedB 3 kph

Case 2: PedB 30 kph

Case 3: VehA 30 kph

Case 4: VehA 120 kph

	Location for Reference UE
	Case 1: One cell in active set, UE  geometry = 3.3 dB

Case 2: Soft handoff with 2 cells in active set, UE geometry = 3.0 dB, UE serving cell geometry = -0.7 dB

	Ec/Io Admission Threshold
	-18 dB

	RSCP Admission Threshold
	-115 dBm

	Number of Node Bs
	19 Node Bs/57 cells 

	Cell layout
	3-Cell Clover-Leaf

	Inter-site Distance [m]
	2500

	Frequency
	1990 MHz


3.2 Traffic Assumptions (example AMR-NB 12.2 kbps)
	Parameter
	

	User-Plane Traffic Model

    Vocoder Type

    Vocoder Voice Model Loading Users

   Vocoder Voice Model Reference UE


	100% VoIP

AMR 12.2

Markov Process with 50% activity (transition probability = 0.01)

100% activity

	VoIP Packet Overheads 
	1 byte RLC UM header

4 bytes ROHC header



	ROHC dynamics
	Resynchronization ignored

	RTCP
	Not modeled

	SIP
	Not modeled

	SID Frames
	Not transmitted

	RTP layer aggregation
	none

	MAC-d PDU Size
	296 bits 


3.3 
Other Assumptions
	Parameter
	

	UMTS Time Modelled [s]
	60

	Training Time [s]
	5

	UE Category
	5

	Receiver Type
	Rake with Mobile Receive Diversity from 2 Antennas

(2 Rx correlation =  0.5,    mismatch 2 dB)

	Downlink DCCH Traffic and Transport
	 DCCH mapped to HS-DSCH, F-DPCH used instead of assoc. DPCH. DCCH traffic modeled as 3.4kbps source with 5% activity factor.

	Max. HSDPA Transmit Power (HS-SCCH + HS-PDSCH)
	18 watt – power allocated for all common and dedicated channels

	HS-SCCH Channel Model

    Number

    Errors Impact HS-DSCH Decoding

    Power Allocation
	Depends on loading

Yes

Fixed Offset from F-DPCH

	Downlink Over-the air Delay Budget [ms] (MAC-d to MAC-d)
	90



	Iub delay modelled
	No

	HSDPA Scheduler Implementation 


	Proprietary  

	Mobility Model
	Static UE locations

	E-DCH Scheduling
	Non-scheduled transmission 

	E-DCH TTI length
	Both 10ms  TTI and 2ms TTI

	E-DCH max number of HARQ transmissions
	2 Tx for 10ms TTI

4 Tx for 2ms TTI

	E-DCH QoS
	Target 1% BLER post-HARQ

	HS-DPCCH modeled for E-DCH simulation
	Yes


4. 
Simulation Results
4.1  

Simulation Results for E-DCH

The error delay profiles for E-DCH in the attached file are in the format of two columns. The first column indicates the MAC-d to MAC-d delay of the voice packet, excluding any modeling of delay over the Iub or Iur interfaces. The delay includes any queuing in the MAC-e/MAC-es entity at the UE, the over the air HARQ transmission delay, and finally any delay in the reordering buffer at the MAC-es entity in the RNC. 

Figures 1 to 4 below illustrate the delay distribution for the different cases. In the case of the 2ms TTI, note that delays other than 2ms, 18ms, 34ms, and 50ms are present due to delays in the reordering buffer. In the case of the 10ms TTI, in addition to reordering buffer delay there will also be 10ms queuing delay on some speech frames.
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Figure 1: MAC-d to MAC-d delay for E-DCH VoIP with a 2ms TTI length and a maximum of 4 transmissions, active set size = 1.




[image: image2.wmf]E-DCH 2ms TTI, Active Set Size = 2

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

MAC-d to MAC-d Delay (ms)

Probability

Ped-B 3 km/hr

Ped-B 30 km/hr

Veh-A 30 km/hr

Veh-A 120 km/hr


Figure 2: MAC-d to MAC-d delay for E-DCH VoIP with a 2ms TTI length and a maximum of 4 transmissions, active set size = 2.
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Figure 3: MAC-d to MAC-d delay for E-DCH VoIP with a 10ms TTI length and a maximum of 2 transmissions, active set size = 1
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Figure 4: MAC-d to MAC-d delay for E-DCH VoIP with a 10ms TTI length and a maximum of 2 transmissions, active set size = 2.

4.2 Simulation Results for HSDPA

For HSDPA, the air interface delay and error performance of any user is sensitive to the amount of HSDPA loading in the cell. In addition to different channel conditions, we investigate the error delay statistics under different loading conditions. We consider the 16 cases for VoIP over HSDPA as described in Table 1. Note that two-antenna receive diversity was assumed in these simulations.

Table 1: Overview of HSDPA simulation scenarios

	Ref. UE channel profile
	Ref. UE velocity, km/h
	Loading (UEs/cell)
	Figure number
with the results

	Ped-B
	3
	40
	5

	Ped-B
	30
	40
	6

	Veh-A
	30
	40
	7

	Veh-A
	120
	40
	8

	Ped-B
	3
	60
	9

	Ped-B
	30
	60
	10

	Veh-A
	30
	60
	11

	Veh-A
	120
	60
	12

	Ped-B
	3
	80
	13

	Ped-B
	30
	80
	14

	Veh-A
	30
	80
	15

	Veh-A
	120
	80
	16

	Ped-B
	3
	100
	17

	Ped-B
	30
	100
	18

	Veh-A
	30
	100
	19

	Veh-A
	120
	100
	20


Corresponding to each case, there is an attached text file that contains a trace of MAC-d PDU delays and error flags for the reference UE. Each line in the trace file corresponds to one MAC-d PDU, ordered in the sequence in which the PDUs entered the MAC-hs at the Node-B. (Due to the reordering buffer in the MAC-hs at the UE, this is the same order in which PDUs exit the MAC-hs at the UE receiver.) Each line lists the MAC-d PDU delay and the error flag for the corresponding MAC-d PDU.

The first number in any line in the trace file is the delay experienced by the MAC-d PDU from the time of entering the MAC-hs at the Node-B to the time it exits the MAC-hs at the UE. This delay includes the time that the MAC-d PDU waited in the MAC-hs buffer at the Node-B, the time taken for over-the-air transmission (including time for HARQ retransmissions) and the time that the PDU waited in the MAC-hs reordering buffer at the UE. Note that Iub delays are not modeled. 

The second number in each line is a flag (0/1) where ‘0’ represents no error and ‘1’ represents error in receiving the MAC-d PDU.

Statistics of the delay experienced by successful MAC-d PDUs of the reference UE are shown below in Figures 5 through 20 for the 16 different scenarios listed in Table 1. Note that delays for unsuccessful MAC-d PDUs are not included in these statistics since the concept of delay is not meaningful for a packet that never arrived at the receiver. 
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Figure 5: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 40UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 3km/h Channel.
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Figure 6: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 40UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 30km/h Channel.
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Figure 7: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 40UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 30km/h Channel.
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Figure 8: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 40UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 120km/h Channel.

[image: image7.png]Probability

0.9

0.8

o
3

ol
2

e
3

I
i

e
w

0.2

0.1

60 UEs/cell loading; Ref. UE: PedB, 3 kmh

50
Delay, ms

60

70

80

90

100




Figure 9: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 60UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 3km/h Channel.
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Figure 10: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 60UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 30km/h Channel.
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Figure 11: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 60UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 30km/h Channel.
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Figure 12: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 60UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 120km/h Channel.
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Figure 13: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 80UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 3km/h Channel.
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Figure 14: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 80UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 30km/h Channel.
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Figure 15: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 80UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 30km/h Channel.
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Figure 16: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 80UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 120km/h Channel.
[image: image15.png]Probability

100 UEs/cell loading; Ref. UE: PedB, 3 km/h
0.25 T T

e
o
T

I

e
T
I

0.05 .

Il I Il 1 Il
0 10 20 30 40 50 60 70 80 90 100
Delay, ms





Figure 17: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 100UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 3km/h Channel.
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Figure 18: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 100UEs/cell. Reference UE has a geometry of 3.25 dB and Ped-B, 30km/h Channel.
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Figure 19: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 100UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 30km/h Channel.
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Figure 20: MAC-d to MAC-d delay for HSDPA VoIP with a loading of 100UEs/cell. Reference UE has a geometry of 3.25 dB and Veh-A, 120km/h Channel.
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