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1. Introduction

This paper quantifies the benefits provided by fast CQI signaling as proposed in [1]. The average throughput per channel use and the channel resource consumption of cyclic CQI according to Rel. 5 and fast CQI signaling are compared for flat fading and various UE speeds.

2. Simulation Set-Up

A link-level throughput analysis has been performed based on flat fading channels and UE speeds ranging from 1 km/h to 30 km/h. The CQI report is based on SNR averaged over one TTI. We compare different CQI report​ing schemes:

· Rel. 5: cyclic CQI with transmission interval k,
· fast CQI: a CQI is requested before each initial packet transmission, i.e., the CQI message is outdated by 3 TTI, k = 0 (no cyclic CQI used),

· ideal CQI: reference curve which assumes knowledge of the actual CQI value at the time of packet transmission, allows to investigate the deterioration due to the inherent latency of 3 TTI between CQI message and following HS-DCH transmission (No CQI feedback delay, no CQI feedback errors).

Exactly one packet is transmitted at a random (equally distributed) TTI between two consecutive cyclic CQI messages. This allows a straight-forward comparison, since it ensures that the same number of CQI messages are available for all schemes investigated. No CQI feedback errors are assumed and the Node B uses exactly the MCS level reported by the last available CQI message. The MCS levels are based on the CQI mapping table for a UE which can receive a maximum of 5 codes. Retransmissions occur with 6 TTI delay and use identical MCS levels as initial transmissions. A maximum of four transmissions per packet is used.

The different schemes are compared in terms of:

· average throughput per code: allows to investigate the average link-level throughput gain by fast CQI messages,

· total number of transmissions required: allows to evaluate downlink resource consumption (HS-SCCH and HS-DCH) and uplink interference due to ACK/NACK.

3. Results

Fig. 1 shows the average throughput per code for ideal CQI (without any delay), the proposed fast CQI scheme and Rel. 5 CQI reporting. For v ( 3 km/h fast CQI provides up to 2.4 dB gain compared to Rel. 5 using k = 80 and around 0.5 dB compared to k = 5. For v = 10 km/h fast CQI still provides up to 0.8 dB gain. With increasing UE velocity the inherent latency of 3 TTIs between CQI message and subsequent HS-DSCH transmission becomes the limiting factor for CQI efficiency. As a result all CQI schemes perform identical for v = 30 km/h. 

Fig. 2 shows the relative throughput gains achieved with fast CQI. The maximum throughput gain is around 20% for v = 1 km/h, 16% for v = 3 km/h and still around 6% for v = 15 km/h. More than 10% throughput gain is obtained for a large SNR range at pedestrian speeds. For UE speeds greater than 20 km/h the improvements are minor. 

Fig. 3 is based on the evaluation of the number of transmissions required to transmit the data. Due to fast CQI messages the amount of downlink resource consumption (HS-SCCH and HS-DSCH), as well as uplink transmis​sion power and interference due to ACK/NACK transmission can be reduced. For pedestrian users up to 16% reduction is possible if k = 80 and still up to 4% for k = 5. 

Fig. 4 evaluates the user speed dependence in more detail. Here we assume that the Rel. 5 system would adapt the CQI reporting interval k to match the channel coherence time, which we assume to be ideally known. There​fore we use the next possible value of k that correspond to 1 / 2fD,max. In this case the throughput gain is between 10% and 20% for v ( 3 km/h and still greater than 5% for v = 6 km/h. The number of HS-SCCH, HS-DSCH and ACK/NACK transmissions is reduced between 5% and 16% for v ( 3 km/h. In summary, the fast CQI scheme provides notable improvement for UE speeds up to 15 km/h.

4. Conclusions

Link-level throughput, downlink resource consumption and uplink interference have been compared for Rel. 5 CQI signalling and the fast CQI scheme. In doing so we utilized a idealized simulation model. For example we assumed solely very short packet calls (consisting of only one packet) and used errors free control channels. Our results show, that fast CQI scheduling outperforms periodic scheduling clearly. Since pedestrian scenarios are the main focus for HSDPA a detailed investigation at low UE speeds has been performed. It has been shown that in case of SHO the value of CQI reporting is inherently restricted to pedestrian speeds due to the delay between CQI report and subsequent HS-DSCH trans​mission. In pedestrian scenarios fast CQI signalling can provide a throughput gain of up to 20%. Furthermore, the HS-SCCH and HS-DCH resource consumption, as well as the uplink interference caused by ACK/NACK transmission can be reduced. The corresponding SNR gain is between 0.5 dB (compared to k = 5) and 2.4 dB (compared to k = 80).

Concluding fast CQI signalling improves the HSDPA performance for pedestrian users significantly. We therefore recommend to adopt fast CQI signalling for Rel. 6.

5. References

[1]
R1-02-1046, Siemens, "CQI Reporting Enhancement," Seattle, USA, August 2002

[2]
R1-02-1215, Mitsubishi, Lucent, "On Variable Rate CQI Feedback," Espoo, Finland, October 2002

[3]
R1-02-0920, Philips, " HSDPA performance and CQI reporting cycle," Oulu, Finland, July 2002,

[4]
R1-02-0429, Lucent, " Need for variable rate channel quality indication in HSDPA," Orlando, FL, USA, February 2002.

[5]
R1-01-1037, Lucent, "Variable rate channel quality indication in HSDPA," Jeju, Korea, November 2001,
[image: image1.wmf]0

2

4

6

8

10

12

14

16

150

200

250

300

350

400

450

500

SNR in dB

throughput per code in kbps

v=1km/h

0

2

4

6

8

10

12

14

16

150

200

250

300

350

400

450

500

SNR in dB

throughput per code in kbps

v=3km/h

0

2

4

6

8

10

12

14

16

150

200

250

300

350

400

450

500

SNR in dB

throughput per code in kbps

v=10km/h

0

2

4

6

8

10

12

14

16

150

200

250

300

350

400

450

500

SNR in dB

throughput per code in kbps

v=30km/h

ideal CQI

fast CQI

Rel. 5, k=5

Rel. 5, k=10

Rel. 5, k=20

Rel. 5, k=40

Rel. 5, k=80


Fig. 1: Comparison of average throughput per code, flat fading
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Fig. 2: Throughput gain versus SNR for fast CQI compared to Rel. 5
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Fig. 3: Reduction of HS-SCCH, HS-DSCH and ACK/NACK transmissions compared to Rel. 5
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Fig. 4: Velocity dependence of throughput gain and reduction of HS-SCCH, HS-DSCH 
and ACK/NACK transmissions
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