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‘Evolution from UMTS R’99 to HSPA and LTE

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

- Broadband uploads - Enhanced capacity - Improved spectrum
- Reduced end-to-end for real-time efficiency
delay services - Scalable bandwidth

- MIMO - Reduced latency

- Real-time services
- All-IP Service (VoIP, packet VT, PTT)| | - Backward - Increased service
- Broadband downloads - Multicast (MBMS) compatibility provisioning

DL: 384 kbit/s DL: 1.8-14.4 Mbit/s DL: 1.8-14.4 Mbit/s DL: 14-42 Mbit/s DL: up to 278 Mbit/s
UL: 64-384 kbit/s UL: 384 kbit/s UL: 1.0-5.72 Mbit/s UL: 11 Mbit/s UL: up to 57 Mbit/s
- CDMA (UTRA-FDD) - TD-CDMA (by means of 2 ms sub-frames) - OFDMA (DL)

2 x 5 MHz paired bandwidth - higher data rates in incremental product releases: - SC-FDMA (UL)
- TD-CDMA (UTRA-TDD) QPSK = 16 QAM => 64 QAM (DL only), - FDD & TDD operation

1 x 5 MHz [1.6 MHz] unpaired bandwidth DL: 5 = 10 = 15 codes, receive divs/ T - Flexible carrier bandwidth up to 20 MHz

UL: SF 4 = SF 2 - MIMO
M CDMA @5
@
O
. TD/CDMA vor /C - Mobile TV 2
- OFDMA - PTT - Gaming s
- Music
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'HSDPA HS-DSCH UE Capabilities

Category 1 5 3 7298 19200 1.2
Category 2 5 3 7298 28800 1.2
Category 3 5 2 7298 28800 1.8
Category 4 5 2 7298 38400 1.8
Category 5 5 1

2009| Category 9 15 1 20251 172800 10.2
2010| Ccategory 10 15 1 27952 172800 14.4
Category 11 2 3630 14400 0.9

UEs of categories 11 and 12 support QPSK only
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‘ HSDPA Data Rates per CQl and UE Category
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'HSUPA E-DCH UE Capabilities

Category 1 1 SF4 10 7110 0.71
Category 2 2 SF4 10/2 14484 / 2798 1.45 / 1.40
Category 3 2 SF4 10 14484 1.45
Category 4 2 SF2 10/2 20000 / 5772 2.00/2.89

2009| Category 6

10/2

20000 / 11484

2.00/5.74

NOTE: When 4 codes are transmitted in parallel, two codes shall be transmitted with SF2 and two with SF4
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'HSUPA Power-Based Scheduling

[
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© relative to the
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‘HSDPA 1.8 Mbit/s - T-Mobile, Hannover, March 2006
(Load Test: IP Throughput)

= P traffic with up to 1.5 Mbit/s peak throughput (1 s interval)
= Additional requests are served with less capacity
= Total cell (and even Node B) capacity limited at roughly 3 Mbit/s

Throughput HSDPA 3 Client - 25MB FTP
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'HSDPA 7.2 Mbit/s - T-Mobile, Bonn, March 2008
(Laboratory Test: PHY, MAC and IP Layer Analysis)
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'HSDPA 7.2 Mbit/s - T-Mobile, Bonn, April 2008
(Field Tests: IP Throughput)

Mfg;::’;lm’;ut AN . 375, max. * Tested various
of 4.2 Mbit/s, LA MAC throughput locations around

L mencorz: FSEERER ool T-Mobile
: \ headquarter for
HSDPA 7.2 Mbit/s
availability

= Defined short
measurement route

= No full 7.2 Mbit/s
support in front of

SC: 99, max. . ’
MAC throughput| NG : headquarter

of 3.4 Mbit/s, | M ey ) N i
mean CQl: 26 |4 : RIS sc: 386, max. = Realistic throughput

MAC throughput limited to about

f 4.4 Mbit/s, X
;eancoll:zss | 3.9 to 4.4 Mbit/s

CONFIDENTIAL INFORMATION N . 5 .
© 2009 P3 solutions GmbH, All rights reserved FFV ComNets, 13.03.2009, Dr-Ing. Ingo Forkel: HSPA Evolution - Live Network Experience 10




P3 solutions

HSDPA 7.2 Mbit/s - T-Mobile, Bonn, April 2008

(Drive Test: Downlink Receive Diversity, Radio Parameters)

One external antenna and second
antenna port ideally terminated
(without diversity)

Two external antenna

(with diversity)

Requested Throughput withaut diversity in Mbitis &

® 5760his 7.210 (8404)
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HSDPA 7.2 Mbit/s - T-Mobile, Bonn, April 2008

(Drive Test: Downlink Receive Diversity, HSDPA Parameters)

Theoretical gain of 3 dB for
two-way diversity is not
achieved but the impact is
clearly visible

Requested Throughput with diversity in Mbitis
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HSDPA 7.2 Mbit/s - Vodafone, Diisseldorf, Oct. 2008
(Load Tests: CQl and Requested Throughput Distributions)

Three clients at same location, similar receive conditions (RSCP, Ec/lo)
Anyway, visible differences in reported CQI

Decreasing CQl with increasing traffic leads to less requested
throughput (Client B behaves differently)

, Average GG per 250 ms time interval , Average Fiequested Throughput per 280 ms time intenval
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HSDPA 7.2 Mbit/s - Vodafone, Diisseldorf, Oct. 2008
(Load Tests: Requested Throughput based on CQl)

Stand-alone client requests maximum throughput
Slight degradation with increasing number of active clients
Requested cell capacity rises up to above 20 Mbit/s

w1t Awerage Requested Throughput per 250 ms - overview - 20 MB FTP down

[ client A
2 [ client B+
[Jelient ¢

22
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Time [s]
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HSDPA 7.2 Mbit/s - Vodafone, Diisseldorf, Oct. 2008
(Load Tests: IP Throughput)

Capacity not visible at clients, peak throughput below 5 Mbit/s (250 ms)
Strange scheduling (sawtooth, Client C extremely limited, etc.)
Total aggregated cell throughput below 8 Mbit/s

Average TGP Throughput per 280 ms time intenval - overview - 20 MB FTP cown
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HSDPA - lub Bottleneck

In R"99 roll-out, lub realized with
2 x E1 interface (4 Mbit/s raw) Ubhiel adio
Roughly 500 kbit/s for common air interface,
control signalling and 10% e;‘hza'p‘,lcbeiglzo
overhead for data traffic -

Only 3.1 Mbit/s remaining

Upgrade to 4 x E1 (8 Mbit/s raw)
6.7 Mbit/s remaining per Node B

Only sufficient for single HSDPA
7.2 Mbit/s user, otherwise shared
among active users

Future upgrade to Ethernet or Fibre
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HSUPA 2.0 Mbit/s - Vodafone, Diisseldorf, Oct. 2008

(Load Tests: Transmission Power and Service Grant Distributions)

Uplink interference as reported by Node B (SIB 7) not increased
Anyway, transmission power of DPCCH is raised by about 2 dB

Correspondingly, service grants are slightly reduced
(except for Client B which is showing some strange behaviour)

Average POOPCCH) per 250 ms time interval Average Mean Service Grant per 250 ms time interval
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HSUPA 2.0 Mbit/s - Vodafone, Diisseldorf, Oct. 2008
(Load Tests: Granted Throughput based on SG)
Service Grants sufficient for up to 1.4 Mbit/s for stand-alone clients
After three cycles, reduced capacity is granted
Uplink cell capacity reaches 2.5 Mbit/s (derived from aggregated SG)
Average Throughput supported by Service Grant per 250 ms time interval - overview - 5 MB FTF up
3000
% 2500
5
z 20
wr
é 1500
E; 1000
é-. 500
z
QWUEB 30 22:01:30 22:11:30
Time [h]
E‘,Cix;DPE&NLﬁ!r\vlngvFv{v’\S:T/‘%ﬂ’\r‘wgms S FFV ComNets, 13.03.2009, Dr-Ing. Ingo Forkel: HSPA Evolution - Live Network Experience 18




P3 solutions

HSUPA 2.0 Mbit/s - Vodafone, Diisseldorf, Oct. 2008
(Load Tests: IP Throughput)

IP data utilizes about 80-90% of granted capacity (max. 1.1 Mbit/s),
already 1.6 Mbit/s seen in live network (T-Mobile, UK)

Maximum aggregated cell throughput around 2 Mbit/s

TCP Throughput [kbitfs]
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Disclaimer
This document contains P3 Solutions GmbH proprietary information and
shall at all times remain the property of P3 Solutions GmbH. It shall be
distributed and used only by the subcontractor staff registered on the
distribution list of this document. The subcontractor is not allowed to
copy this document without P3 Solutions GmbH prior written consent. It
shall not be used, distributed or copied by any other third part without P3
Solutions GmbH prior written consent
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