Tdoc 12A(01)0016
TSG-RAN Working Group 1 and Working Group 2 joint meeting on HSDPA
Sophia Antipolis, France

April 5th – 6th, 2001
Agenda item:
6

Source:

Vodafone Group

Title:
Refinement of simulation assumptions for HSDPA capacity evaluation

Document for:
Discussion
___________________________________________________________________________

Introduction

In RAN#11 (Palm Springs,USA), it was decided to proceed with HSDPA by making it a work item, whose completion date is December 2001. Vodafone have some concerns regarding the conclusions drawn from the feasibility study [5]. From an operator perspective, a clear assessment of capacity (versus complexity) based on realistic assumptions is indispensable in order to estimate the true potential of such a technology. This is especially true in this case since HSDPA constitutes a major evolution of the air interface, which notably impacts the network architecture.

In this contribution, Vodafone propose an updated list of the system simulation assumptions (with regard to TR 25.848) for the refinement of the benefit investigations and in general as a guideline for the work on the HS-DSCH specification phase.

The purpose of this contribution is not to delay the work on HSDPA, which is already subject to a tight time pressure, but to ensure that the highest quality specifications are produced for the potential introduction of HSDPA.

System Simulation Assumptions

The proposed system simulation assumptions are contained in Table 1. The environment used to define these values is a macrocell urban environment [3].

Parameter
Explanation/Assumption
Notes

Carrier frequency
2 GHz


Cellular layout
Hexagonal grid, 3-sector sites
[3]

Cell radius
577 m
[3]

Site to Site distance
1000 m
[3]

Correlation between sectors
1.0


Correlation between sites
0.5


UE speed
0 km/h, 3 km/h, 50 km/h


BS total Tx power
Up to 40 dBm
including losses to antenna

BS antenna gain
17 dBi
[3]

Common channels power budget:

P-CPICH_Ec/Ior

P-CCPCH_Ec/Ior and SCH_Ec/Ior

S-CCPCH_Ec/Ior

PICH_Ec/Ior

AICH_Ec/Ior

Associated DL L1 signalling
-10 dB

-12 dB

-12 dB

-15 dB

-15 dB 

TBD
[1,2]

Power allocated to HSDPA transmission
Max. 71 % of total cell power
based on common channel power budget (without DL L1 signalling)

UE antenna gain
0 dBi


UE noise figure
9 dB


Active set maximum size
3
[3]

Propagation model
L = 128.1 + 37.6 Log10(R)
R in kilometers, [3]

Slow fading
UMTS Test Environments model
[6], annex B 1.4.1.4

with dcor defined below

Std. deviation of slow fading
10 dB
[3]

Decorrelation distance of slow fading
20 m
dcor

Fast Fading model
TU model, specify number of taps used
[4]

Table 1: system simulation assumptions for HSDPA, urban macrocell model

As a general rule, when defining the system simulation assumptions, Vodafone endeavoured to be in line as much as possible with current RAN WG4 assumptions. 

The simulation assumptions made with respect to HSDPA techniques are provided in Table 2:

Fast scheduling
proportionally fair (traffic priority handling)
TBD

scheduling flexibility
code domain only, all HSDPA resources provided to one single user in a TTI


HS-DSCH code scheduling
20 OVSF codes, SF=32
code domain only

HS-DSCH TTI length
Specify the value used
1, 3, or 5 slots

corresponds to AMC update rate

HARQ scheme
chase combining


Max number of HARQ retransmissions
Specify the value used


HARQ feedback error rate
3%


AMC levels
QPSK R=1/2, 16 QAM R=1/2, 16 QAM R=3/4, 64 QAM R=3/4


AMC level selection technique
suitable bit rate (TF) reported to Node B
measurement rate corresponds to HS-DSCH TTI length

measurement delay for selection of the AMC level
1 HS-DSCH frame


AMC application delay with after receiving measurement report
1 HS-DSCH frame


AMC selection measurement feedback error rate
3%


Table 2: assumptions on the HSDPA techniques

Scenarios for evaluation of HSDPA capacity improvement

A) Evaluation methodology

The evaluation of capacity improvement is particularly meaningful when done in a comparative way. Absolute performance values obtained by simulation do not provide a clear picture of the gain in the case of HSDPA. Given that the HS-DSCH is a new channel which is an extension of the Rel’99 DSCH, it seems logical to perform a relative evaluation of the capacity achievable with respect to this channel.

Obviously when performing the capacity evaluation, the same (when appropriate) simulation assumptions should be used for both the Rel’99 DSCH and Rel’5 HS-DSCH in order to have a fair performance comparison. This requires some additional assumptions concerning the DSCH with respect to the simulation assumptions previously defined.


Rel’99 DSCH
Rel’5 HS-DSCH

power control
inner loop power control

DPC_MODE = 0
no power control, link adaptation

handover
associated DCH not in SHO
N/A

TFCI signalling
no hard split mode, large number of TFCIs available
N/A

Tx diversity
off
off

QoS class
interactive
interactive

The Rel’99 DSCH also has the possibility to perform a quasi-link adaptation in the case of best effort packet bearers such as interactive RABs. Indeed, instead of maintaining the same bit rate for each user in the cell, the scheduling algorithm can provide more or less resources along the channel conditions of the users by utilising a selection of TFs. In order to have a fair comparison between DSCH and HS-DSCH, we would need to allocate the DSCH with a large degree of flexibility for rate adaptation (i.e. large number of TFs).

In addition, the same number of users per cell must be considered with the same distribution in the cell (same channel in long-term average) and same UE mobility behaviour. We propose to make a comparison based on N=10 users per cell.

The reference application proposed to be mapped onto the DSCH/HS-DSCH for the comparative performance evaluation is a web browsing application, provided on an interactive bearer. All users have the same interactive bearer. The main characteristics of this QoS class are given below [7]:


- no transfer delay


- no guaranteed bit rate


- max bit rate: in theory 2.048 Mbps, but updated to 10.8 Mbps for HSDPA


- traffic handling priority


- residual BER:10-5

The reference bearer in the case of the Rel’99 bearer could be a 384 kbps (e.g. with 10 TFs for rate adaptation, i.e. granularity of 42.6 kbps) DL interactive bearers whereas in the case of the Rel’5 bearer a DL interactive bearer of 10.8 kbps would be considered.

B) metric

For simplicity, Vodafone selected one single metric for the evaluation of capacity improvement as :

Average cell throughput: average number of bits successfully transferred for all users in a given cell. Packets with errors are discarded.

When evaluating performance, the following statistics would be useful:

- Cumulative distribution of throughput in the cell as a function of distance

- Cumulative distribution of use of AMC levels as a function of distance

C) Simulation cases

Please find below a number of potential evaluation cases. Note that these are indicative of what Vodafone believe should be evaluated.

case 1

Priority handling: 5 users with same level of priority p1, and 5 users with lower priority level p2. The total available power in the cell is purely used for HS-DSCH/DSCH interactive bearers. 

Separate simulations are desirable for the different UE speeds: 0, 3, and 50 km/h

case 2:

In this case the total cell power is split between speech users and HS-DSCH/DSCH users:

- 50 % of users with conversational bearers (speech 12.2 kbps)

- 50 % of users with HS-DSCH/DSCH best effort bearers (interactive)

Separate simulations are desirable for the different UE speeds: 0, 3, and 50 km/h

Case 3 Relative efficiency model

The purpose of this case is to try and assess the performance of the two channels (DSCH and HS-DSCH) when both are allowed a high degree of freedom. The principle of the test is to show how the increased degrees of freedom provided by HSDPA allow a greater efficiency over the radio in bits/hertz/watt. This test can only be performed when the simulations are repeatable (e.g. known seeds are used for the random number generators). The test can be performed as follows:

1. Consider the delivery of a large file, for example 100Mbytes and where there is only one user using the DSCH (or DCH).

2. Allocate a high rate DSCH, e.g. 384kbps and simulate the delivery of this file. During the simulation, the power being used by the DSCH to deliver this packet needs to be noted.

3. Record the time taken to deliver the file.

4. Calculate the average transmit power used by the DSCH in order to deliver the file.

5. Use this average power for the power to be allocated to the HS-DSCH.

6. Perform the same simulation of the file delivery for the HS-DSCH, when this is the only UE in the scheduler for the HS-DSCH.

This test should show that the performance of the HS-DSCH is still superior (even without multi-user diversity) to the DSCH if the file is delivered quicker than in the DSCH case.
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