3GPP TSG-RAN WG1#28





R1-02-1069
Seattle, WA, USA

August 19-22, 2002
Agenda item:
AH32, HSDPA

Source: 
Lucent Technologies 

Title: 
UL overhead reduction by using DL activity dependent CQI reporting

Document for:     Discussion

1 Introduction

DL channel quality reporting through explicit uplink signaling is important for scheduling and MCS selection. Uplink signaling for HSDPA includes an n-bit channel quality indicator. The reporting interval of the channel quality information to the Node B is T TTIs, where T is a UTRAN parameter.  A large value of T reduces channel quality information (CQI) overhead at the expense of larger errors in channel quality estimates at the Node-B, thereby leading to system performance degradation. In [1] and [2], a channel quality indication scheme was proposed that exploits the bursty nature of data traffic, by increasing CQI rate only during HS-DSCH activity, and reverting back to slow CQI rate during HS-DSCH inactivity. In this document, we summarize the key benefits of the scheme.

2 System Performance

In the table below we show a sample performance of the baseline fixed rate CQI scheme and the proposed CQI scheme (see also [1] and [7]) as a function of T.

Table 1 System level performance at 3 Km/h

	Indication rate
	Number of UEs supported for the same quality of service (packet call throughput CDF)
	Service Throughput

[Kb/s]
	Gain
(Number of UEs, Service Throughput)

[%]

	
	Fixed rate scheme
	Proposed CQI scheme
	Fixed rate scheme
	Proposed CQI scheme
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	56
	65
	2004.1
	2311.5
	(16, 15)
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	56
	70
	1905.2
	2433.2
	(25, 28)


3 Reduction in Uplink Signaling Overhead

In this section, we characterize the reduction in signaling overhead possible using the fixed rate scheme and the proposed CQI scheme when compared with the (optimum) scheme where full CQI is provided by the UE every TTI. 

3.1 Fixed rate CQI

It is easily seen that when CQI reports are sent once every T TTIs, the reduction in signaling overhead when compared to the (optimum) scheme where explicit CQI is provided every TTI is 
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dB. As shown in [1], in order to prevent degradation in system performance across different mobile speeds, T should be no greater than 5. This represents a reduction in signaling overhead of 6.9 dB. 

3.2 Proposed CQI Scheme

The reduction in signaling overhead for this scheme depends on the fraction of time downlink transmissions are actually scheduled for a UE. For example, if f is the fraction of time that downlink transmissions are scheduled to a given UE, the average CQI rate for the UE is bounded above by 
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per TTI. In order to estimate f, assume that there are 50 UEs in the cell. If airlink utilization is 1, and an average of 2 UEs are CDMed in each TTI, then 
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, the reduction in signaling overhead when compared to the (optimum) scheme where explicit CQI is provided every TTI is 
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dB. Clearly, this number increases as f decreases. As was shown in [1], 
[image: image9.wmf]50

T

=

 results in little or no degradation of performance for this scheme irrespective of the mobile speed.

4 Miscellaneous Issues

The performance of the baseline scheme can be improved if TPC bits (Associated DPCH power control gain) are used in conjunction with the last explicit CQI report is used to track channel quality variations. Although this method has been shown to work well when the UE is not in soft-handover (SHO), it has been pointed out that this scheme performs poorly when the UE is in SHO (see, e.g., [5]). But, it is expected that 33% of the UEs in a cell are going to be in SHO. So, for 33% of the UEs in a cell, this method will result in performance losses unless CQI rate is increased. Note that UEs in SHO are likely to require a higher power for transmitting the channel quality report, thereby having a larger impact on the overall uplink capacity. The proposed scheme, on the other hand, works well irrespective of whether the UE is in SHO or not.

Yet another benefit of the proposed scheme obtains when channel quality reports are used to power control the HS-SCCH to a selected UE. As was shown in [3] and [6], significant margins are necessary for the HS-SCCH even at speeds of 3km/h if the channel quality information at Node-B is “old,” i.e., unreliable. For example (see [6] for additional details), even at mobile speeds of 3 Km/h and with STTD, the margin necessary is greater than 5 dB if the CQI is only 10 TTIs old. So, for example, if a fixed CQI rate scheme of once every 25 TTIs is employed, then the average margin necessary to guarantee 1% FER on the HS-SCCH is approximately 7dB. We remark that this number increases to greater than 10dB if no transmit diversity scheme is used. As was shown in [3], if 
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and 4 HS-SCCHs are in use, then this implies that more than 20% of the total available power will be required for signaling, thereby significantly diminishing the total available power for HS-DSCH. This problem is clearly mitigated by the proposed scheme because the mobile increases its CQI rate upon detecting downlink activity. This allows the Node-B to use more current channel quality reports to power control the HS-SCCH, thereby reducing the margin necessary. 
5 Conclusions

We showed that the existing fixed rate CQI scheme causes degradation in system performance for low CQI rates. The CQI scheme proposed in [1] alleviates this problem by increasing the CQI rate during HS-DSCH activity. Furthermore, the proposed scheme is robust for a wide range of CQI rates, as also mobile speeds [1]. Based on the foregoing discussion, we propose that the scheme proposed in [8] be adopted.
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