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1. Introduction
Some variable rate CQI feedback schemes had been proposed to enhance the system performance before[1]-[4]. However it was decided that any schemes would not been introduced in Release 5 in the last meeting #28. In this document, we present analysis of the uplink capacity impact with a variable rate CQI scheme and compare it to that of the fixed rate CQI feedback. Issues related to operation and robustness are also addressed. Taken together with past contributions on this topic[1], [2], [4], it is seen that substantial benefits result from adopting the variable rate CQI scheme.
2. Variable Rate CQI Operation Overview
Several variable rate CQI schemes have been proposed in previous RAN-1 meetings[1]
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 \* MERGEFORMAT [3]

 REF _Ref21492537 \r \h 
 \* MERGEFORMAT [4]. In this document, we will also consider a scheme where, in addition to the periodic CQI reports provided by the UE based on the UTRAN parameter k, the UE also sends CQI reports along with every ACK or NACK it sends on the HS-DPCCH. 
The basic idea behind any of the variable rate CQI schemes that have been presented so far is to reduce the UL overhead incurred due to CQI signaling without adversely affecting system performance by exploiting the bursty nature of data traffic. Precisely, these schemes increase the CQI rate only during HS-DSCH activity, and revert back to a slow CQI rate during HS-DSCH inactivity. The downlink system level performance benefits of such approaches have been presented in [2], and references therein, and are not repeated here. While the exact method of implementing variable rate CQI is not necessarily the focus of this contribution, in this section we discuss some general operational aspects of variable rate CQI schemes, and address some questions regarding these schemes that were raised in earlier meetings. In the following section we will analyze the reduction in UL signaling overheads achievable by these schemes. 
First, we remark that the system level performance remains unchanged with variable rate CQI schemes irrespective of whether the UE is in SHO or not. Therefore, no additional RRC signaling is necessary to trigger a change in CQI rate in SHO when using these schemes. Note that it has been pointed out that the CQI rate needs to be increased in SHO in order to prevent degradation in system level performance in the case of the fixed rate CQI scheme.
Another question that has been raised in an earlier meeting concerns the robustness of variable rate CQI schemes when the UE fails to detect DL activity, i.e., misses the HS-SCCH that was intended for it. First note that the target missed detection probability for the HS-SCCH is 10-2. So, the probability of such an event is very small. Additionally, straightforward detection mechanisms can be incorporated at the Node-B to detect whether a CQI report was sent by the UE or not, which can further significantly reduce the probability of such an event. (Note that such detection algorithms may already be in place to detect a DTX in the ACK/NACK field of the HS-DPCCH.) Finally, we add that a false CQI detection by Node-B does not result in any protocol errors; in fact, the only loss may be in scheduling and MCS selection if that UE is selected for transmission in that TTI.
3. Discussion
An analysis of the reduction in uplink interference possible due to the variable rate CQI scheme proposed in [1] was presented in [2]. In this section, a similar analysis of UL signaling overheads is carried out for the scheme in [4] (namely, one where in addition to the periodic CQI reports, the UE also sends a CQI report with each NACK) and also the scheme presented in the previous section (namely, one where in addition to periodic CQI reports, the UE also sends a CQI report with each ACK and NACK). 
The assumptions used for the analysis are as shown below.

Number of UEs in a cell

: N

Percentage of UEs in SHO

: 30%

CQI feedback cycle k

: 80 (non-SHO), 1 (SHO)

HS-DPCCH/UL DPCCH power ratio
: 0dB

Firstly, we calculate the average number of CQI report that the Node B receives in one sub-frame in both case.

[Case 1: fixed rate CQI feedback]

As all UEs send CQI value in defined cycle, the average number of CQI report can be expressed as follows.
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[Case 2: variable rate CQI feedback]

As only UEs that are assigned the HS-PDSCHs send CQI value, the average number of CQI report can be expressed as follows:

(1) CQI with ACK/NACK[1]-[3]
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(2) CQI with NACK only[4]
where, M is number of UEs that are assigned HS-PDSCHs in one sub-frame and "0.1" is criterion error probability of HS-PDSCH for CQI selection[5].

Since the number of codes for HS-PDSCH has a range of 1 to 15, it follows that the range of M is also 1 to 15, whence Nvar1 and Nvar2 can be calculated as follows:


Nvar1 = (N-1)/80+1 (minimum case), (N-15)/80+15 (maximum case)


Nvar2 = N/80+0.1 (minimum case), N/80+1.5 (maximum case)
Table 1 shows the number of CQI report in one sub-frame in both cases when N is 100 and 200.

Table 1 : Number of CQI report in one sub-frame

Number of UEs

(N)
Fixed feedback (Nfix)
Variable feedback



CQI with ACK/NACK (Nvar1)
CQI with NACK only (Nvar2)

100
30
[2.24, 16.06]
[1.35, 2.75]

200
60
[3.31, 17.31]
[2.60, 4.00]

[M=1 case, M=15 case] 
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Increase of number of CQI report can be considered as if the number of UEs is increased.  Under the simplifying assumption that the Eb/No requirements for UL DPCCH and HS-DPCCH are the same, and that other cell interference is negligible, Eb/Io is approximately to:

where R is data rate and N' is Nfix, Nvar1 or Nvar2.
So, we can summarize the Eb/Io value of HS-DPCCH or UL DPCCH as shown in Table 2.
Table 2 : Eb/Io comparison

Number of UEs
No feedback (R'99)
Fixed feedback
Variable feedback




CQI with ACK/NACK
CQI with NACK only

100
4.13dB
2.98dB
[4.03dB, 3.47dB]
[4.07dB, 4.01dB]

200
1.09dB
-0.05dB
[1.02dB, 0.73dB]
[1.04dB, 1.01dB]

It is seen from Table 2 that significant improvement is achieved upon introducing variable rate CQI feedback. This Eb/Io value impacts on the BLER of CQI receiving at Node B and then system performance. For instance[6], if we use fixed rate CQI feedback, it is not possible to achieve a BLER less than 10-2 when the number of UEs is 100. Moreover, if the power offset of HS-DPCCH to UL DPCCH is +6 dB in fixed feedback case, interference on uplink becomes more serious than shown in Table 2.

Also, if we consider the new Study Item "Uplink Enhancements for Dedicated Transport Channels"[7], the interference of current system should be as small as possible.

4.Conclusion
We analyzed the uplink signaling overhead and interference due to fixed rate CQI feedback and variable rate CQI feedback. From the results presented here and those presented earlier (see [1], [2] and reference therein), we strongly recommend to introduce variable rate CQI in Release 6.
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