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1 Introduction

DL channel quality reporting through explicit uplink signaling is important for scheduling and MCS selection. Uplink signalling for HSDPA includes an n-bit channel quality indicator. The reporting interval of the channel quality indicator to the Node B is T TTIs, where T is a UTRAN parameter.  A large value of T reduces channel quality indication (CQI) overhead at the expense of larger errors in channel quality estimates at the Node-B, thereby leading to system performance degradation. In order to mitigate this problem, without incurring a significant increase in CQI overhead, various schemes have been proposed in [1]-[4]. These schemes can be broadly classified into three categories, which are described in greater detail in Section 2. In this contribution, we present a comparison of the three categories. In particular we consider the ability of each scheme to reduce CQI overhead, while maintaining “acceptable” degradation in system performance. 

2 CQI Schemes

In this section, we describe the three different classes of CQI schemes that have been proposed so far. We discuss briefly the advantages and disadvantages of each method, and also characterize the reduction in signalling overhead possible using each scheme when compared with the (optimum) scheme where full CQI is provided by the UE every TTI.

2.1 Fixed rate CQI

In this baseline method, CQI report is provided every T TTIs, where T is a UTRAN parameter. As was shown in [1], at low UE speeds, there is little degradation in performance as long as T is less than or equal to 10. For larger values of T, the performance degradation is no longer negligible. At higher UE speeds (30Km/h or higher), the performance degradation is more significant. In fact, as was shown in [1], non-negligible performance losses occur for values of T as small as 5. 

It is easily seen that the reduction in signaling overhead when compared to the (optimum) scheme where explicit CQI is provided every TTI is
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dB. Assuming T = 5, the reduction is 6.9 dB.

2.2 Delta Quantization

The schemes proposed in [2]-[3] fall in this category
. Conceptually speaking, schemes in this category send (full) explicit CQI every T TTI. In the intervening period, a B-bit up-down delta quantizer is used to track channel quality variations. In order to prevent error propagation, several strategies can be adopted. For example, as proposed in [3], only changes with respect to the last explicit CQI report are sent in the intervening periods. Although the ability of such schemes to accurately track channel quality variations have not been presented in RAN-1, it is clear that the accuracy will depend on value of B, delta, and the UE speed. For example, in the method proposed in [3], let us set B = 1, and delta = 2 dB. Now, if the last explicit CQI was x dB, then the only values of channel quality that can be reported with a magnitude of error less than 0.5 dB are those that lie in the range (x-2.5, x-1.5) and (x+1.5, x+2.5). In fact, note that even if the channel quality remains unchanged during the intervening period, the magnitude of the error in the CQI report equals delta dB. Of course, this problem may be mitigated to some degree by making delta a variable that is set through RRC signaling. The performance of such adaptive methods, which will depend on Node-B’s ability to estimate UE speeds, is yet to be studied. Furthermore, frequent changes in the value of delta also lead to increased downlink signaling overhead. 

Additionally, data traffic is typically very bursty. So, it can be expected that actual data transmission to a given UE only occur in short bursts. During periods of inactivity, i.e., when no data transmission is scheduled for the UE, frequent CQI reports – even using delta quantization techniques – result in unnecessary uplink signalling.

Finally, CQI signalling overhead does not reduce significantly in such methods. This is because very little coding gains are possible, if at all, for small values of B. In fact, as argued in the Appendix, when B = 1, the reduction in signalling overhead is bounded above by 6.2 dB. As can be expected, the maximum possible reduction in signalling overhead using delta quantization schemes reduces as B increases.

We conclude this section with a brief discussion of the scheme proposed in [2]. In this scheme, the UE sends a CQI report only if there is significant change between the current value and the last reported value. Therefore, Node-B does not have any knowledge as to whether it is going to receive a CQI report from a particular UE in a given TTI. So, in each TTI, Node-B must first attempt to detect whether a CQI report was sent by the UE; upon detection, it then decodes the CQI. Apart from the additional complexity involved in this detection process, it is clear that in order to reduce the probability of a missed detection, as also that of a “false alarm,” the UE must transmit at a higher power level that would otherwise be necessary to achieve a certain target FER for the CQI. An analysis of the additional signalling overhead necessary to ensure reliable detection has not been presented in [2]. In fact, this additional overhead may well offset any gains achieved by a reduction in the rate of transmission of CQI.
2.3 Fixed rate CQI with TPC

In this scheme [4], an explicit CQI is provided every T TTIs. In the intervening period, TPC bits (Associated DPCH power control gain) in association with the last explicit CQI report is used to track channel quality variations. This method has been shown to significantly reduce signaling overheads, while incurring little or no performance loss, when the UE is not in soft-handover (SHO) [4]. However, 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. For example, in order to prevent performance degradation for UEs in SHO, the CQF rate could be increased to once every TL TTIs. Therefore, the average CQI rate for a UE is 
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, where we have assumed that 33% of the UEs are in SHO. In order to estimate TL, we refer to [1], where it was noted that CQI rate of at least once every 10 TTIs (resp. 5 TTIs) is necessary to prevent degradation in system performance at a UE speed of 3Km/h (resp. 30Km/h). So, setting TL equal to 10 at 3Km/h, and 5 at 30Km/h, and 
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 it follows that the reduction in signaling overhead when compared to the (optimum) scheme where explicit CQI is provided every TTI is 13.3dB at 3Km/h and 10.9dB at 30Km/h. Compare this with the corresponding values for the previous schemes.

2.4 Variable rate CQI 

This scheme, as also its performance, was presented in detail in [1]. Here, the CQI rate can be set to a low value (e.g. once every T TTIs) when a HS-DPCCH is allocated but there is no data transmission on HS-DSCH. The CQI rate is increased to, e.g., once every TTI, any time a data transmission occurs for a UE on the HS-DSCH. This increased CQI rate is valid for a period of S TTIs after the last data transmission to the UE, where S can be a UTRAN parameter. In fact, as was shown in [1], little or no performance degradation occurs even if S = 1. This increased channel quality indication rate during data transmission helps the base station to estimate the quality of the current transmission. The estimate about the quality of the transmission can be used to determine the amount of redundancy/repetition to be included in the retransmission, if needed. Furthermore, this scheme exploits the bursty nature of data traffic, increasing CQI rate only during HS-DSCH activity, and reverting back to slow CQF rate during HS-DSCH inactivity. As a result, it achieves 15-20% gains over fixed rate CQF while resulting in only a marginal increase in reverse link load. Moreover, it works well irrespective of whether the UE is in SHO or not. Finally, this scheme results in no additional complexity at the UE or at Node-B. We also remark that TPC bits can be used to estimate channel quality during HS-DSCH inactivity. 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. Compare this with the corresponding values for the previous schemes. 

3 Conclusions

DL CQI through explicit uplink signaling is important for scheduling and transport format selection in HSDPA. In this paper, we presented a comparison of various proposals for reduction of CQI signaling overhead. Based on the foregoing discussion, we propose that the variable rate CQI scheme proposed in [1] be adopted in TR 25.858. 

Text Proposal for TR 25.858

8.2.2.2.2 Parameters provided to the UE measurement feedback operation

Following connection specific parameters are informed to the UE by higher layer signalling:

1) Phs, default power offset between HS-DSCH code channel and P-CPICH (or S-CPICH in case beamforming with S-CPICH is used). 

2) BLER threshold, BLER value that UE uses for selecting the TFRC.  Possible values of the BLER threshold are FFS.
3) Measurement feedback cycle k.  k has a possible value of [1,5,10,20,40,80] corresponding to the feedback cycle of [2,10,20,40,80,160] msec.  k can have two values, k1 when there is DL activity for the UE and k2 when there is no DL activity for the UE. Note that in general k1<k2. In addition, with the indication k=0, measurement feedback can be shut off completely.  -
4) Measurement feedback offset l.  The exact definition of l is to be determined.
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5 Appendix

Let b be the number of bits used for signalling CQI. Let
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 be the required received Eb/No to achieve a 1% FER for the channel quality information using a (20, b) code. Then, the corresponding required received Ec/Nt, denoted 
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, where PG, the processing gain when the CQI is transmitted over 2 slots, equals 
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For b=5, the required received Eb/No using a (16, 5) biorthogonal code, followed by some repetition, is 3.5 dB. So,
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dB.

For b=1, the required received Eb/No is 4.25 dB. Note that the only form of coding possible here is that of simple repetition. So,
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So, the average required received Ec/Nt for delta quantization schemes to achieve a 1% FER for CQI is
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 if full CQI is provided every T TTIs, and B bit delta quantization is used for CQI in the intervening period. Since 
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. Consequently, the reduction in signalling overhead with delta quantization schemes when compared with the (optimum) scheme where full CQI is provided every TTI is bounded above by 
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, the maximum reduction in signalling overhead equals 6.2 dB.


































� Strictly speaking, the scheme proposed in � REF _Ref530307204 \r \h ��[2]� does not fall in this category. A discussion of this scheme is presented at the end of this section.


� The terms g(B) and g(5) in the following forumla are expressed in the linear scale, of course.
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