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Introduction

This paper gives a brief consideration of the impacts on link performance of the recent decision to reduce the chip rate of UTRA FDD from 4.096 Mcps to 3.840 Mcps.  Uplink simulations have been performed and some elementary conclusions drawn.

A reduction in the chip rate from 4.096 to 3.840 Mcps will probably be accommodated within the UTRA FDD layer 1 specifications by means of reducing the number of slots per 10ms frame from 15 to 16 whilst maintaining the same spreading factors as used previously.  As a consequence, the physical channel rates are similarly reduced by a factor of 15/16.  The user rates are unaffected.

The consequences of the 3.84 Mcps, 15 slot structure in respect of link performance are :-

· reduced fast power control update rate (from 1600 to 1500Hz)

· reduced frequency diversity

· for a given Eb/No and a given user information rate (ie. given received power), the energy per chip (Ec) is increased by a factor of 16/15 since the processing gain of the DPDCH has reduced.  However, the processing gain for the pilot field of the DPCCH remains constant at 6*256=1536 chips and so the SNR following coherent integration across the pilot field is increased.  This longer pilot integration period leads to improved Eb/No estimation and channel estimation for slow moving mobiles but increased aliasing in the channel estimate at high speeds

· coding gain variations arise due to the altered physical channel rates (different mapping of user bits to the bearer).  The amount of bit repetition/puncturing is affected although the exact nature of this will be service-dependent

Simulations have been run in order to ascertain the magnitude of these various effects on UTRA FDD uplink performance.  The following parameters were used :-

Comparison 1

Chip rate
4.096Mcps
3.84Mcps

Information bit rate

(interleave)
12.2kbps

(20ms)
12.2kbps

(20ms)

Physical channel rate
DPDCH:64ksps
DPCCH:16ksps

16[slot/frame]
DPDCH:60ksps
DPCCH:15ksps

15[slot/frame]

Radio Channel
AWGN
AWGN

Transport block size


244bit/20ms
244bit/20ms

CRC bit
16bit/20ms
16bit/20ms

Coding
Convolutional coding

(244+16+8)x3
Convolutional coding

(244+16+8)x3

Rate Matching
804bits>1280bits (+476bits) /20ms
804bits>1200bits (+396bits) /20ms

Interleaving
not relevant (AWGN simulation)
not relevant (AWGN simulation)

DPCCH-DPDCH power
-3[dB]
-3[dB]

Pilot/TPC/TFCI

Per slot
not relevant (ideal channel estimation and inner-loop power control off)
not relevant (ideal channel estimation and inner-loop power control off)

Power Control
Disabled
Disabled

Channel Estimation
Ideal
Ideal

Antenna diversity
On, 2 Antennas
On, 2 Antennas

Comparison 2

Chip rate
4.096Mcps
3.84Mcps

Information bit rate

(interleave)
12.2kbps

(20ms)
12.2kbps

(20ms)

Physical channel rate
DPDCH:32ksps
DPCCH:16ksps

16[slot/frame]
DPDCH:30ksps
DPCCH:15ksps

15[slot/frame]

Radio Channel
AWGN
AWGN

Transport block size


244bit/20ms
244bit/20ms

CRC bit
16bit/20ms
16bit/20ms

Coding
Convolutional coding

(244+16+8)x3
Convolutional coding

(244+16+8)x3

Rate Matching
804bits>640bits 
(-164bits) /20ms
804bits>600bits
(-204bits) /20ms

Interleaving
not relevant (AWGN simulation)
not relevant (AWGN simulation)

DPCCH-DPDCH power
-3[dB]
-3[dB]

Pilot/TPC/TFCI

Per slot
not relevant (ideal channel estimation and inner-loop power control off)
not relevant (ideal channel estimation and inner-loop power control off)

Power Control
Disabled
Disabled

Channel Estimation
Ideal
Ideal

Antenna diversity
On, 2 Antennas
On, 2 Antennas

Comparisons 3+4

Chip rate
4.096Mcps
3.84Mcps

Information bit rate

(interleave)
8kbps

(20ms)
8kbps

(20ms)

Physical channel rate
DPDCH:32ksps
DPCCH:16ksps

16[slot/frame]
DPDCH:30ksps
DPCCH:15ksps

15[slot/frame]

Radio Channel
3) Flat Rayleigh, 3kmph
4) ETR Veh. A, 120kmph
3) Flat Rayleigh, 3kmph
4) ETR Veh. A, 120kmph

Transport block size


160bit/20ms
160bit/20ms

CRC bit
16bit/20ms
16bit/20ms

Coding
Convolutional coding

(160+16+8)x3
Convolutional coding

(160+16+8)x3

Rate Matching
552bits>640bits (+88bits) /20ms
552bit>600bits (+48bits) /20ms

Inter-frame interleave
Inter-frame MIL(F=2)
Inter-frame MIL(F=2)

Intra-frame interleave
Intra-frame FS-MIL (640bit)
Intra-frame FS-MIL (600bit)

DPCCH-DPDCH power
-3[dB]
-3[dB]

Pilot/TPC/TFCI

Per slot
6/2/2 bits
6/2/2 bits

Power Control
Inner Enabled, 1dB step size, 4% TPCI error
Inner Enabled, 1dB step size, 4% TPCI error

Channel Estimation
Pilot based, 3 slot equi-tap FIR
Pilot based, 3 slot equi-tap FIR

Antenna diversity
On, 2 Antennas
On, 2 Antennas

Results

[NB: throughout the following, BEP denotes information bit error probability, SFEP denotes 20ms service-frame error probability]

Comparison 1
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UMTS-FDD REVERSE LINK SIMULATION DATA

AWGN Channel Performance of UMTS 12.2kbps 20ms Conv Speech  Service

(mapped to 64 or 60 kbps physical channel), Runs 0422&0423

3.840 Mcps BEP

3.840 Mcps SFEP

4.096 Mcps BEP

4.096 Mcps SFEP

Eb/Nt (dB) (Received) Per Antenna

SIMULATION

------------------

A/I: UMTS (3.840 or 4.096 Mc/s)

Svc: SP_8 (20ms intlv)

Spread: Long Complex Code

CHANNEL

-------------

AWGN, 0 kmph

RECEIVER

--------------

Type: rake_umts.c

Sampling: 1X

Channel Est: IDEAL

PC: Inner DISABLED

Ants: 2

Fingers/Ant : 1

DPCCH: -3dB

Pilot/TPCI/TFI: 6/2/2

SNR Range

-----------------

Range: +0 to +2.5 dB Eb/Nt

Step: 0.5 dB

Durn: 3000 sframes/snr

IBER Acc.: 1.0e-3

RUN

--------

Runs: 0422, 0423

Date: 1st July 99

Sim: Vsn 3.1

Mode: Par (O200, 8 proc)

Ex. Rate: = 76.7 sfrm/min/proc

# Users: 1

COMMENTS:

---------------------

300 or 320 bit FS-MIL -

 - intra-frame interleaver

20ms MIL inter-frame interleaving

Phys chan rate: 30 or 32 kbps

15 or 16 slots/frame

16 bit CRC, 8 tail / 20ms


Comparison 2
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UMTS-FDD REVERSE LINK SIMULATION DATA

AWGN Channel Performance of UMTS 12.2kbps 20ms Conv Speech  Service

(punctured to 32 or 30 kbps physical channel) Runs 0432&0433

3.840 Mcps BEP

3.840 Mcps SFEP

4.096 Mcps BEP

4.096 Mcps SFEP

Eb/Nt (dB) (Received) Per Antenna

SIMULATION

------------------

A/I: UMTS (3.840 or 4.096 Mc/s)

Svc: SP_8 (20ms intlv)

Spread: Long Complex Code

CHANNEL

-------------

AWGN, 0 kmph

RECEIVER

--------------

Type: rake_umts.c

Sampling: 1X

Channel Est: IDEAL

PC: Inner DISABLED

Ants: 2

Fingers/Ant : 1

DPCCH: -3dB

Pilot/TPCI/TFI: 6/2/2

SNR Range

-----------------

Range: +0 to +2.5 dB Eb/Nt

Step: 0.5 dB

Durn: 3000 sframes/snr

IBER Acc.: 1.0e-3

RUN

--------

Runs: 0432, 0433

Date: 2nd July 99

Sim: Vsn 3.0

Mode: Par (O200, 8 proc)

Ex. Rate: = 75 sfrm/min/proc

# Users: 1

COMMENTS:

---------------------

300 or 320 bit FS-MIL -

 - intra-frame interleaver

20ms MIL inter-frame interleaving

Phys chan rate: 30 or 32 kbps

15 or 16 slots/frame

16 bit CRC, 8 tail / 20ms


Comparison 3
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UMTS-FDD REVERSE LINK SIMULATION DATA

3km/h Flat Rayleigh Channel Performance of UMTS 8kbps 20ms Conv Speech  Service

3.840 Mcps BEP

3.840 Mcps SFEP

4.096 Mcps BEP

4.096 Mcps SFEP

Eb/Nt (dB) (Received) Per Antenna

SIMULATION

------------------

A/I: UMTS (3.840 or 4.096 Mc/s)

Svc: SP_8 (20ms intlv)

Spread: Long Complex Code

CHANNEL

-------------

FRAY, 3 kmph

RECEIVER

--------------

Type: rake_umts.c

Sampling: 1X

Channel Est: PILOT (3 equi-tap FIR)

PC: Inner ENABLED (1dB step, 4% TPCI err)

Ants: 2

Fingers/Ant : 1

DPCCH: -3dB

Pilot/TPCI/TFI: 6/2/2

SNR Range

-----------------

Range: +2 to +5 dB Eb/Nt

Step: 1 dB

Durn: 3000 sframes/snr

IBER Acc.: 1.0e-3

RUN

--------

Runs: 0333, 0417

Date: 1st July 99

Sim: Vsn 3.1

Mode: Par (O200, 8 proc)

Ex. Rate: = 72.2 sfrm/min/proc

# Users: 1

COMMENTS:

---------------------

300 or 320 bit FS-MIL -

 - intra-frame interleaver

20ms MIL inter-frame interleaving

Phys chan rate: 30 or 32 kbps

15 or 16 slots/frame

16 bit CRC, 8 tail / 20ms


Comparison 4
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UMTS-FDD REVERSE LINK SIMULATION DATA

120km/h Veh.A. Channel Performance of UMTS 8kbps 20ms Conv Speech  Service

3.840 Mcps BEP

3.840 Mcps SFEP

4.096 Mcps BEP

4.096 Mcps SFEP

Eb/Nt (dB) (Received) Per Antenna

SIMULATION

------------------

A/I: UMTS (3.840 or 4.096 Mc/s)

Svc: SP_8 (20ms intlv)

Spread: Long Complex Code

CHANNEL

-------------

ETRV (A), 120kmph

RECEIVER

--------------

Type: rake_umts.c

Sampling: 1X

Channel Est: PILOT (3 equi-tap FIR)

PC: Inner ENABLED (1dB step, 4% TPCI err)

Ants: 2

Fingers/Ant : 4

DPCCH: -3dB

Pilot/TPCI/TFI: 6/2/2

SNR Range

-----------------

Range: +2 to +7 dB Eb/Nt

Step: 1 dB

Durn: 3000 sframes/snr

IBER Acc.: 1.0e-3

RUN

--------

Runs: 0426, 0427

Date: 30th June 99

Sim: Vsn 3.0

Mode: Par (O200, 8 proc)

Ex. Rate: = 30.4 sfrm/min/proc

# Users: 1

COMMENTS:

---------------------

300 or 320 bit FS-MIL -

 - intra-frame interleaver

20ms MIL inter-frame interleaving

Phys chan rate: 30 or 32 kbps

15 or 16 slots/frame

16 bit CRC, 8 tail / 20ms


Conclusions

For the cases in which ideal channel estimation and no inner-loop power control is used (comparisons 1 and 2), the difference in performance observed due to the chip-rate change is solely attributable to coding gain variations as a result of the reduced physical channel rates.  Optimal mapping of services is achieved when no repetition or puncturing is required.  Increases either in the degree of repetition or puncturing produces less coding gain and hence worse performance.  In comparison 1, the 3.840 Mcps case performs approximately 0.2dB better than the 4.096 Mcps case.  This is because the service is more heavily repeated in the 4.096 Mcps case.  However, comparison 2 shows the reverse effect, since the 3.840 Mcps case is more heavily punctured.

Comparisons 3&4 demonstrate that the other effects of the chip rate change outlined above are small in comparison to the coding gain variations.  In both cases the service includes some repetiton and so the 3.840 Mcps case performs marginally better than for the 4.096 Mcps case even in frequency selective channels at moderately high speed (for which many of the influencing factors work against the lower chip-rate).

Finally, the absolute changes in Eb/No requirements due to changes in the simulation parameters can be very large.  For example, the 10-3 BER case with a 8kbps user bit rate changes from 3.7 dB at 3 km/h to 6 dB at 120 km/h. Therefore Motorola urge RAN WG4 to finalise the uplink simulation conclusions as soon as possible. 







