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1. Introduction

At Ran#27 plenary the WI on “Improved support of IMS Realtime Services using HSDPA/EDCH” was approved. In order to progress with this WI, potential bottlenecks need to be identified and improvements to be anaylsed. It is our understanding that besides other factors the hard handover delay and delay in packet delivery need detailed investigation.
In this contribution Siemens provides simulations results on the influence of hard handover delay and packet delay on the cell capacity. Furthermore we provide an analysis of the impact of HS-SCCH power on the cell capacity.
The simulation results discussed in the chapters below will show that in high speed environments the hard handover delay can degrade the cell capacity significantly. Also stringent delay requirements as required for conversational services will reduce the capacity. The results will also show that the interference cause by HS-SCCH transmissions has only minor impact on the cell capacity.
These results shall support the group in their discussions on whether changes to the standard are considered necessary.
2. Setup for VoIP Simulations
2.1 Basic Parameters
· Sectored Macro Scenario, Cell Radius 500 m (Site-to-site 1,5 km) 
 43 dBm (20 W) total nodeB transmit power, 4 W Common Channels (CPICH, BCCH,…)

· Channel Model / Mobile Speed ITU Veh. A, 30 km/h and Veh. A 120 km/h 

· Scheduler Type: Fair Throughput

·  50% of nodeB total HSDPA Power Budget (10 W)

·  Maximum of 4 User per TTI can be served 
·  7 MCS Levels (TB Size of 320, 480, 640 …bit)

·  Transmission Option in this investigation: 


Without Packet Discarding for VoIP




·  User Individual Quality of Service (QoS) / Satisfied User Criterion (SUC)

· Based on max. tolerable Packet Delay, i.e. Scheduling Window

2.2 VoIP Specific Parameters
· Traffic Model

DL only; Speech traffic with 50% activity; AMR 12,2 kbps codec; 

Packet size 38 Byte and 20 ms frame rate/packet arrival;

Geometric distributed session length with mean 60 sec; 

· Packet Delay based evaluation (without packet discarding) 

- A VoIP-user is satisfied / VoIP-Capacity-Limit:
      

QoS: Less or equal 5% delayed packets per user
      

At least 95 % VoIP users are satisfied according to QoS

· Comparing 30 km/h vs. 120 km/h

· Max. Packet Delay (Scheduling Window) 40 ms and 80 ms

· HO-Delay (additional from Event 1D) varied: 0 (10); 200; 500 ms

3. Discussion of VoIP Results
Several contributions that we have seen so far mention a potential quality degradation for conversational services caused by the latency associated with hard handover. [1] refers to an analysis which has shown excessive hard handover delays (>> 500 ms). Meanwhile a number of CRs have been agreed to reduce this delay.
In order to keep the performance degradation low it is important to investigate what delay would be acceptable for VoIP. It is obvious that at higher mobile speed the UE would travel a larger distance in the meanwhile inappropriate cell and therefore suffer from the worse link quality. Therefore we performed simulations for higher mobile speed, which is 30km/h and 120km/h. In addition we varied the max allowed packet delay.
Furthermore we investigated how strong the cell capacity will be influenced by the interference caused by the HS-SCCH power. 
3.1 Cell capacity for undelayed HO
Given the following assumptions, Figure 1 shows the Ratio of Satisfied Users (RSU) vs. the number of concurrent VoIP calls. 
·  Vehicular A, 3 km/h

·  Max. 4 or 8 Users per TTI

·  Max. E2E Packet Delay 80, 100, 150 ms

·  HO-Delay 0 ms
·  Without packet discarding

·  SUC: Based on max. Packet Delay

The cell capacity is the number of users per cell when RSU=  95% is reached.
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Figure 1


Figure 1 shows the cell capacity for VoIP services depending on whether 4 or 8 users will be scheduled per TTI. For 4 UEs per TTI the capacity is between 82 and 87 users depending on the maximum packet delay. For 8 UEs per TTI the capacity can be increased to 88 users for the stringent requirements of 80ms packet delay.
3.2 Cell capacity for different HO delays
Figure 2 shows the impact of packet delay, velocity and HO delay on cell capacity. In these simulations we focused on higher velocities, and packet delays which should be acceptable for realtime services. The packet delay is the delay in the scheduler. The HO delay has been counted beginning with measurement event 1D.
· Vehicular A, 30 and 120 km/h

·  Max. Packet Delay (Scheduling Window) 
  40 ms and 80 ms 

·  HO-Delay 0 (10), 200, 500 ms

· Without packet discarding

·  QoS: Based on max. Packet Delay
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Figure 2
Figure 2 shows how the capacity decreases with higher HO delay. The difference between 500ms and undelayed HO can be 56% if both packet delay and velocity are high.
As expected, stringent packet delay requirements and higher velocity contribute to degraded cell capacity. This degredation however depends clearly on the parameters. As can be seen in the figure the cell capacity is almost constant (on “medium level”) also for high HO delay when the UE doesn’t move too fast, in particular when the max. packet delay is set to a low value .

If we focus on a HO delay of 200ms the achievable call capacity can be summarized as follows:
	Velocity
	30km/h
	120km/h

	Max packet delay
	40ms
	63.8
	53.1

	
	80ms
	78.0
	60.2


3.3 Impact of HS-SCCH power on cell capacity
In this section we provide the results to the question to what extend the HS-SCCH power can influence the cell capacity.

Please note that the HS-SCCH channels were modeled just with respect to their contribution to the interference impairing the HS-DSCH data channels. The simulations did not take into account the QoS on the HS-SCCH, so that merely the performance of the HS-DSCH transmission was investigated but not the reliability of the information carried by the HS-SCCH’s.
Specific simulation parameters:
· Velocity 30 km/h

· Scheduling Window = Max. Packet Delay 40 ms 

· HO-Delay (additional from Event 1D) fix: 200 ms
· Transmission Option in this investigation: 


Without Packet Discarding for VoIP
· assDCH DL Power Control Parameters:

max. Tx Power 27 dBm

step size 1 dB

static Tx Range 30 dB

HS-SCCH Power Calculation
· HS-SCCH Power Level is strictly coupled to the assDCH power :

HS-SCCH [Watt] = assDCH [Watt] + (K * assDCH [Watt])

· HS-SCCH [Watt] = assDCH [Watt] * (1 + Klin)
With Klin = 1, 2, 2.5 or 4 we get the power offset ∆dB = HS-SCCH to assDCH [dB] = 3, 4.8, 5.5 or 7.
Influence of power offset on packet delay
Figure 3 shows that up to power offsets of 4.8 dB there is only little influence on the packet delay.  Practically no impact on cell capacity could be observed when looking at 80 ms QoS (delay/scheduling window). So further simulation were done appying a stringent delay requirement of 40 ms (red arrow).
[image: image1]
[image: image5.wmf]80

85

90

95

100

50

55

60

65

70

75

80

85

90

95

100

VoIPonHSDPA User per Cell

RSU [%]            

SUC 80 ms, 95%, 4UE per TTI

SUC 100 ms, 95%, 4UE per TTI

SUC 80 ms, 95%, 8UE per TTI

SUC 150 ms, 95%, 4UE per TTI

[image: image6.wmf]VoIP Capacity for different HO delays

20,00

30,00

40,00

50,00

60,00

70,00

80,00

90,00

0

100

200

300

400

500

HO delay [ms]

mean user per cell

40ms_PacketDelay @ 30kmph

80ms_PacketDelay @ 30kmph

40ms_PacketDelay @ 120kmph

80ms_PacketDelay @ 120kmph

[image: image7.jpg]E2E Packet Delays

005

090 g
0.8

080

0.5

e i : :

045

0.0

035

oois ooz o025 0030 0035 0040 0045 00s0  00ss 000 0Oes 0070 Oo7s | O0os0 0085
Delay [sec]




[image: image3]
Figure 3

The simulation shown in figure 3 were performed for 63 VoIP users per cell which is the capacity limit for a delay requirement (scheduling window) of 40 ms.

Figure 4 shows the decrease in capacity for higher power offsets for the sensitive case with 40 ms QoS criterion:
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Figure 4
The capacity loss is roughly about 10% for 2,5 dB power increase.
	ΔdB
	3
	4,8
	5,5

	VoIP User per Cell [95%]
	66,6
	63,8
	60,7


Summary
General impact on packet delay statistics. 

·  Marginal impact on the packet delay up to ΔdB = 5 dB

·  Decay of packet delay from ΔdB = 5 dB and beyond

· There is a certain influence of the HS-SCCH power share on the packet delay 
For the “sensitive” 40 ms Scheduling Window we observed:
· Rather little HS-DSCH performance loss up to 32 dBm HS-SCCH Peak Tx-Power
(27 dBm max Tx power + 5 dB offset)
· Noticeable performance loss beyond 33 dBm HS-SCCH Peak Tx-Power 

If we use a 80 ms Scheduling Window: 


· Practically no impact on packet delay and capacity could be observed
4. Conclusion

This document provides simulation results to answer the question to what extend the hard handover delay, packet delay and HS-SCCH power will impact the cell capacity and therefore the system performance for conversational services over HSDPA. These results could be used to decide on whether changes to the current specification are needed for performance improvements.

Conclusion to impact of hard handover delay:
The simulations have shown a clear capacity degredation caused by higher HO delays. From this we can conclude that the HO delay should be kept as low as possible. However, whether further changes to the standard are considered necessary depends on what HO delay we assume to be acceptable.
Conclusion to impact of packet delay:

There is a clear trade off between the maximum allowed packet delay and the QoS for conversational services. The simulations have shown higher cell capacity if the allowed packet delay is larger. However, the flexibility is restricted by the tight QoS requirements which again depend on the type of the conversational service.
Conclusion to impact of HS-SCCH power:

Up to a 5dB power offset to the associated DCH power we did not observe significant impacts on the capacity. No final conclusion can be drawn to what extend a potential HS-DSCH capacity gain could be exploited when lowering the HS-SCCH Tx power share since this would require also investigation of the HS-SCCH QoS.
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