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1. Introduction

In the last RAN WG 1 meeting in Seoul, there was a question regarding the performance of the enhanced CQI reporting scheme for multi-path channels. Therefore this paper shows the results for the scheme described in [1,5], which combines NACK-based CQI and CQI on demand. It can be seen, that by using NACK-based and on demand CQI similar or better downlink throughput and delay performance is achieved, enabling longer CQI reporting cycles k to be used.

Further simulations showing, that if the UE’s CQI report is based on the average of a number of successive CQI values, HSDPA can achieve higher throughput and better delay performance are presented in [6].

2. Simulation Set-Up

The performance is investigated using the HSDPA traffic model of [2] that includes effects of bursty data traffic, e.g., realistic modelling of the size of packets and packet calls, as well as the packet inter-arrival time. Furthermore, we simulated in detail the delays involved in ACK/NACK transmission and CQI reporting. The HS-DSCH uses the latest available CQI value to determine the transport format. However, if the waiting buffer can be emptied using a lower data rate, the transport format is reduced accordingly, rather than applying padding. Further details on the simulation assumptions can be found in Annex A.

For the enhanced CQI reporting scheme, it is the scheduler's free decision, if and when a CQI on demand request should be issued. In the simulations, we assume that the Node B will request an CQI on demand using fast sig​nalling on HS-SCCH [3, 4] if the last CQI is older than 10 TTIs and if the waiting data corresponds to more than 6 TTIs according to the current CQI. In this case, the transmission starts only after the correspond​ing CQI report has been obtained at Node B. In case a CQI request is issued during an active HSDPA connection, the data transmission is discontinued at the corresponding TTI. Additionally a CQI report is sent with every NACK dur​ing data transmission. 

3. Simulation Results

3.1. Pedestrian A channel, 3 km/h

In the first section we investigate the performance in the Pedestrian A channel at 3 km/h. We compare the NACK & ODM (on demand) reporting scheme (labeled "enh. CQI" in the figures), using cyclic CQI reports with CQI feedback cycle k = 40 to the Rel. 5 CQI reporting using k = 40 to assess the additional benefit of this scheme for identical k. Furthermore we compare also to Rel. 5, using k = 20 in order to show how the CQI enhancements can be used to relax the CQI reporting cycle.

Fig. 1 and 2 show the histograms of MCS level usage for mean SIR = 6 dB and SIR = 12 dB, respec​tively. In both cases one can see that although the enhanced CQI reporting scheme is slightly more conservative in MCS level selection than the Rel. 5 cases, it provides higher throughput per HS-DSCH transmission. For SIR = 6 dB the enhanced CQI scheme allows to transmit 864 bits per HS-DSCH trans​mission, while Rel. 5, k = 40 and k = 20 provide only 752 bits and 817 bits, respectively. This corresponds to a throughput increase per channel usage of 14.8% and 6.0%, respectively. The corresponding values for SIR = 12 dB are 1972 bits per HS-DSCH usage for the enhanced CQI scheme, 1744 bits for Rel. 5, k = 40, and 1844 bits for Rel. 5, k = 20, i.e., a throughput increase of 13.1% and 6.9%, respectively.

Fig. 3 depicts the cumulative distribution function of packet delay for SIR = 6 dB. The enhanced CQI scheme outperforms Rel. 5, k = 40 (e.g., it reduces the 90%-ile from 574 ms to 372 ms) and has approximately the same performance as Rel. 5, k = 20 (90%-ile of 330 ms).

The resulting throughput performance versus SIR is given in Fig. 4. It can be seen that the enhanced CQI scheme improves the average packet call throughput (left figure) as well as the packet call throughput that is exceeded at 90% of times over a large range of SIR values with respect to Rel. 5, k = 40. The enhanced CQI scheme achieves similar throughput performance as the Rel. 5 scheme using k = 20. 

Fig. 5 addresses the efficiency of the schemes by comparing the enhanced CQI scheme to the Rel. 5 cases. On the left side, we consider the relative throughput increase in the downlink. The black curves use Rel. 5, k = 40 as reference, the blue curves Rel. 5, k = 20. The HS-DSCH and HS-SCCH curves deviate due to the use of CQI on demand, which causes additional HS-SCCH usage without transmitting data. The enhanced CQI scheme provides about 14% throughput gain per HS-DSCH usage and about 8% throughput gain per HS-SCCH usage compared to Rel. 5, k = 40. Thus for a given amount of data per user less downlink resources are required and aggregate cell throughput is increased. Even compared to Rel. 5, k = 20, we see throughput gain per HS-DSCH usage, ranging up to 7% while approximately the same HS-SCCH resources are required (throughput difference less than ± 4%).

The right hand side of Fig. 5 considers the frequency of the uplink CQI message. Due to the additional on-demand and NACK-based CQI messages the throughput per channel usage of the enhanced scheme is reduced for equal values of k. If we compare the enhanced CQI scheme to Rel. 5, k = 20, however, we see that for SIR ( 5 dB additionally less CQI reports are required. Furthermore, for -3 dB ( SIR ( 18 dB less ACK/NACK transmissions are required (since HS-DSCH throughput is increased, see Fig. 5, left picture). Thus in total the uplink interference, UE power consumption, and the probability of UE power limitation is reduced notably. As a result the total cell capacity is increased.

In summary, it can bee seen that the enhanced CQI scheme performs better than the Rel. 5 scheme with the same k value of 40 in the Ped. A channel. It achieves approximately the same delay and throughput perform​ance of Rel. 5, k = 20 using less resources in down- and uplink. 
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Fig. 1: Histogram of MCS level usage, for Ped. A channel, 3 km/h, SIR = 6 dB
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Fig. 2: Histogram of MCS level usage, for Ped. A channel, 3 km/h, SIR = 12 dB
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Fig. 3: Cumulative probability of packet delay for Ped. A channel, 3 km/h, 
SIR = 6 dB
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Fig. 4: Average packet call throughput (left) and packet call throughput that is exceeded in 90% (right),
Ped. A channel, 3 km/h 
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Fig. 5: Throughput increase per channel usage for the enhanced CQI reporting scheme with k=40
 in the downlink (left) and in the uplink (right), Ped. A channel, 3 km/h 

3.2. Vehicular A channel, 30 km/h

This section evaluates the performance in the Vehicular A channel at 30 km/h. We compare the enhanced CQI reporting scheme using cyclic CQI reports with interval k = 20 to the Rel. 5 CQI reporting using a k = 10 and k = 5. 

Fig. 6 and 7 show the histograms of MCS level usage for SIR = 6 dB and SIR = 12 dB, respectively. In contrast to the previous section, we here see that the enhanced CQI scheme has a slightly more aggressive MCS level usage than the Rel. 5 schemes. Again the enhanced CQI scheme provides HSDPA throughput increase, which is in the order of 9.5% (2.6%) for SIR = 6 dB and 4.1% (1.4%) for SIR = 12 dB when compared to Rel. 5, k = 10 (k = 5).

Fig. 8 depicts the cumulative distribution function of packet delay for SIR = 6 dB. It can be seen that the enhanced CQI scheme outperforms Rel. 5, k = 10 and k = 5. It reduces e.g. the 90%-ile from 300 ms to 209 ms when compared to Rel. 5, k=10.

All investigated schemes provide approximately the same throughput, as depicted in Fig. 9. In the lower SIR range, however, the enhanced CQI scheme and Rel. 5, k=5 perform better in terms of average packet call throughput and throughput value that is exceeded in 90% of cases. This is also apparent in the left side of Fig. 10, which shows that the enhanced CQI scheme increases throughput per HS-DSCH usage for all SIR values and up to 12% when compared to Rel. 5, k = 10. The corresponding throughput increase per HS-SCCH usage is also constantly positive and has a maximum of 8%. When compared to Rel. 5, k = 5 the gains are smaller and range up to 4% for HS-DSCH. In this case almost the same HS-SCCH resources are required.

The right hand side of Fig. 10 shows that the increase of k from 10 or even 5 to 20 when using the enhanced CQI scheme reduces the uplink interfer​ence and UE power consumption due to CQI transmission. Compared to Rel. 5, k = 5, the enhanced scheme has a throughput increase of -5% to 295%, i.e., for a given amount of data the number of CQI transmissions remains approximately the same for very low SIR and is reduced to only 25% for high SIR. Additionally, the reduced number of ACK/NACK transmissions due to the throughput increase per HS-DSCH usage further reduces the uplink HS-DPCCH usage.

In summary, the enhanced CQI scheme outperforms Rel. 5 for the Veh. A channel at 30 km/h in the downlink throughput and delay performance, as well as in the downlink and uplink resource consumption. 
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Fig. 6: Histogram of MCS level usage, for Veh. A channel, 30 km/h, SIR = 6 dB
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Fig. 7: Histogram of MCS level usage, for Veh. A channel, 30 km/h, SIR = 12 dB
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Fig. 8: Cumulative probability of packet delay for Veh. A channel, 30 km/h, 
SIR = 6 dB
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Fig. 9: Average packet call throughput (left) and packet call throughput that is exceeded in 90% (right),
Veh. A channel, 30 km/h
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Fig. 10: Throughput increase per channel usage for the enhanced CQI reporting scheme with k=20
 in the downlink (left) and in the uplink (right), Veh. A channel, 30 km/h

4. Conclusion

The enhanced CQI scheme, which combines cyclic CQI reports with on-demand and NACK-based CQI reports, has been investigated for different multipath fading channels. From the results it can be seen, that the enhanced scheme provides similar or better downlink throughput and delay performance than the Rel. 5 scheme even when longer CQI reporting cycles k are used. The enhanced scheme makes more efficient use of downlink and uplink resources, such as HS-DSCH, HS-SCCH, and HS-DPCCH, and therefore enables a higher cell capacity. While the more efficient use of HS-DSCH and HS-SCCH will improve the downlink capacity, the reduction of HS-DPCCH usage will alleviate UE power consumption and the occurrence of UE power limitations, as well as reduce the uplink noise rise con​tribution due to HS-DPCCH.
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Annex A: Simulation Assumptions

	parameter
	value
	comment

	carrier frequency
	2.19 GHz
	

	SAW channels
	6
	using Stop-And-Wait Protocol 

	HARQ
	Full IR, Partial IR, or Chase Combining
	depending on initial code rate

	max. number of transmissions
	4
	

	UE multi-code capability
	15 codes
	

	UE inter-TTI interval
	1 TTI
	

	MCS level
	30 MCS levels used
	according to the TF in the CQI feedback

	HS-SCCH, HS-DPCCH transmission
	ideal
	

	channel estimation
	ideal
	

	minimum HARQ channel reuse interval
	6 TTI
	

	delay between CQI measurement and time of availability for HS-DSCH
	3 TTI
	

	delay between CQI on demand request and time of availability for HS-DSCH
	4 TTI
	

	traffic model
	open-loop traffic model for HSDPA 
	see TR25.848 [2]

	packet size
	1500 bytes
	

	packet call size
	Pareto with cutoff,  = 1.1, k = 4.5 kbytes, m = 2 Mbytes
	

	reading time
	geometrical distribution  = 5 s
	

	channel model
	Ped. A, Veh. A
	

	UE velocity
	3 km/h, 30 km/h
	

	simulation time
	10000 packets per SIR value
	



















































































