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1. Introduction

Different CQI enhancement proposals are currently being investigated for HSDPA [1]. To investigate the effi​ciency of CQI reporting, all effects of bursty data traffic need to be captured and the use of a realistic traffic model is crucial. Furthermore a detailed simulation of the involved delays is required to understand the behav​iour and performance of the different proposals. In this paper, we compare the throughput and resource con​sumption of the Rel-5 periodic CQI scheme, the on-demand CQI feedback scheme and an enhanced CQI reporting scheme which is basically a combination of the NAK-based and the on-demand CQI feedback scheme further referred to as NAK-ODM scheme. 

2. Investigated CQI Reporting Schemes

The performance of the different CQI reporting schemes are investigated using a realistic traffic model [2] that includes all effects of bursty data traffic, e.g. size of packet and packet call, and packet inter-arrival time. Furthermore, we simulated in detail the delays involved in ACK/NAK transmission, CQI measurement, and CQI reporting. Details on the simulation assumptions can be found in Annex A.

We compare the performance of the on-demand and the NAK-ODM scheme to the Rel. 5 cyclic reporting scheme in a flat Rayleigh fading channel with 3 km/h UE velocity. We assume that the cyclic CQI reports are send with k = 40, i.e., every 80 ms. For the basic CQI on demand scheme, it is solely the scheduler's free decision, when a CQI on demand request should be issued. In the simulations, we assume that the Node B will request an additional CQI using fast signalling on HS-SCCH [3] 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. The NAK-ODM scheme sends CQI reports with every NAK transmission on HS-DPCCH in addition to the CQI on demand. 

3. Simulation Results

Fig. 1 shows an excerpt of the fading curve and the sampling generated by the dif​ferent CQI reporting schemes. Since the accuracy of the CQI report is only relevant while data is waiting in the RLC buffer, the latter curves are only shown for these time intervals. The Rel. 5 simply takes a sample every 40th TTI, without any correlation with the course of the fading or the buffer state. The pure NAK-based proposal takes addi​tional samples especially during bad channel conditions, where NAKs occur most frequently and therefore has the advantage of reducing the number of retransmissions required. The on-de​mand CQI scheme, in contrast, takes samples according to the age of the last CQI report and the amount of data waiting. It therefore improves the CQI knowledge at Node B exactly at the most relevant time intervals. In par​ticular, it updates the CQI value also at the rising slope of the fading and therefore NAK-based and on-demand scheme complement each other very well. In this context it should also be noted, that on-demand CQI gives full flexibility of use to the Node B, where all the relevant information is available, e.g., age and reliability of last CQI report and in particular the amount of data waiting in the buffer. Moreover, on-demand CQI is the only proposal that allows to maximise channel knowledge prior to transmission. 
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Fig. 1:  Excerpt from fading curve and corresponding sampling
generated by different CQI reporting schemes

From the evaluation of Fig. 1 it is manifest, that a combination of the two proposed schemes could superpose their respective advantages. Therefore the new NAK-ODM scheme is investigated, which allows Node B initiated CQI feedback using on-demand CQI and additionally sends a CQI feedback with each NAK. 

Fig. 2 shows the retransmission statistics for SIR = 12 dB for Release 5 ("Rel. 5"), On-Demand CQI feedback ("ODM"), and the joint proposal ("NAK-ODM"). It can be seen that a significant improvement over Rel. 5 is provided by both, the CQI on demand scheme and the NAK-ODM scheme. A comparison of the average packet call throughput is depicted in Fig. 4. The combined proposal and the on-demand CQI scheme perform almost identical for SIR ( 18 dB and provide around 0.5 dB to 1.0 dB gain over the Rel. 5 case. However for high SIR values, the combined proposal performs best. For SIR = 20 dB it provides 1 dB additional gain with respect to the on-demand CQI scheme and 2 dB gain compared to Rel. 5. Fig. 5 and 6 show the cumulative distribution of the packet delay for SIR = 12 dB and SIR = 20 dB, respectively. Packet delay is defined as time difference between arrival of a packet in the RLC transmit buffer and successful decoding at the receiver. For medium SIR (Fig. 5), the CQI on demand and the combined proposal perform almost identical, and again the combined proposal has advantages especially for high SIR. The 95-percentile of packet delay are 22.2 ms, 26.3 ms and 31.0 ms for NAK-ODM, on-demand CQI, and Rel. 5, respectively.
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Fig. 2:  Retransmission statistic for SIR = 12 dB
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Fig. 3: Statistic of reported CQI values for SIR = 12 dB

[image: image4.wmf]0

5

10

15

20

50

100

150

200

250

300

350

400

450

500

SIR in dB

average throughput in kbps

Rel. 5, av. packet call tp.

ODM, av. packet call tp.

NAK-ODM, av. packet call tp.


Fig. 4:  Average packet call throughput comparison
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Fig. 5:  Cumulative distribution function of packet delay for SIR = 12 dB
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Fig. 6:  Cumulative distribution function of packet delay for SIR = 20 dB

Since the additional usage of HS-SCCH especially for CQI on demand requests has been in discussion [4], we also evalu​ated the overall downlink resource consumption and the uplink interference generated by the different CQI reporting schemes during packet calls. Fig. 7 shows the channel usage per successfully transmitted kbit. 

As already men​tioned above, the CQI on demand scheme makes a very effective use of HS-DSCH and requires mini​mum HS-DSCH resources. This is the case in the whole SIR range. The relative savings are in the order of 15%. It can also be seen, that the HS-SCCH usage per transmitted kbit of the CQI on demand scheme (which includes HS-SCCH used for data transmission and for fast CQI request) is still notably lower than the HS-SCCH usage for Rel. 5. This shows, that CQI on demand does not aggravate potential HS-SCCH shortages, but, on the contrary, is a means to ameliorate them. The positive effect of making more efficient use of the HS-DSCH (i.e., transmitting more information bits per TTI) more than countervails the additional HS-SCCH usage for CQI requests. Regarding the channel usage in the downlink, the combined pro​posal (NAK-ODM) shows nearly the same performance than the on-demand CQI scheme.  
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Fig. 7:  Channel usage per transmitted kbit 

4. Conclusion

Different CQI enhancement proposals have been evaluated for pedestrian speed. The simulations show, that on-demand CQI feedback allows the Node B to make efficient use of the resources: packet call throughput is increased by around 15% and the overall HS-DSCH resource consumption is reduced. Addi​tion​ally, it is shown, that CQI on demand does not aggravate a potential shortage of HS-SCCH, but even reduces the overall HS-SCCH usage per transmitted kbit. Further more it should be noted, that on-demand CQI gives full flexibility to the Node B, where all the relevant information is available, e.g., age and reliability of last CQI report and in particular the amount of data waiting in the buffer. Other schemes are not able to correlate the time of sending an additional CQI report with the buffer state. 

However the NAK-ODM scheme provides also a very good downlink performance and additionally some advan​tages in terms of packet delay for high SIR values. Moreover, other evaluations [5] show also that, the NACK-based scheme has a potential for further performance improvement in case of combination with the on-demand scheme. Regarding the significant potential of improvement (0.5 dB to 2.0 dB or up to 15% gain in terms of packet call throughput), we propose to include the NAK-ODM scheme in the standard as a means for HSDPA per​formance improvement. 
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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
	

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

	HS-SCCH, HS-DPCCH transmission
	ideal
	

	channel estimation
	ideal
	

	roundtrip delay
	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

	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
	1 path Rayleigh
	

	UE velocity
	3 km/h
	

	Rel. 5 CQI update interval k
	40 TTI
	

	simulation time
	5000 packets per SIR value
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