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1. Introduction

Depending on the CQI bandwidth used, explicit CQI feedback for every resource block (RB) can result in significant overhead and therefore reduced capacity. Several reduced overhead CQI feedback schemes have been proposed in [2]

 REF _Ref129072115 \r \h 
[3]

 REF _Ref129072118 \r \h 
[4].
This contribution presents an overhead analysis for CQI feedback with CDM multiplexing of the uplink control channels. The limiting factors on the number of supportable CQI reports in a CQI reporting interval are the number of orthogonal codes, the link budget, and the uplink IoT. It is concluded that the CQI feedback scheme needs to be carefully designed and verified so that the uplink overhead is reasonable.
2. CQI Feedback Channel Resource Assignment and Link Performance
In a 10 MHz carrier bandwidth, there are 50 total resource blocks (RB) of which 8 (e.g.) are assigned for uplink control channels to carry e.g., CQI and ACK/NACK. One way to CDM the control channels is block-wise spreading and cyclic shifts of CAZAC sequence as proposed by several companies. Assuming coherent detection, the link performances are summarized in Table 1.
Table 1 Link performance summary for CQI channel.
	
	5 bits CQI
	10 bits CQI
	Comments

	Target received C/I

1 subframe tx
	-9 dB
	-6 dB
	To achieve 1% FER

1 dB channel estimation error added

	Target received C/I

1 slot tx
	-2 dB
	3 dB
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Figure 1 CQI performance using 1.0ms subframe (12 symbols and ideal channel estimation).
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Figure 2 CQI performance using 0.5ms slot (6 symbols and ideal channel estimation).
3. CQI Overhead Analysis

Exactly how many CQI channels can be supported depends on several things:

1. CQI reporting resources:  8 resource blocks are assumed for 10 MHz bandwidth for all uplink control channels (CQI, ACK/NACK, …)
2. Number of supportable orthogonal codes: With 12 sub-carriers per RB and TU channel model, only 6 orthogonal codes can be supported. With 6 orthogonal codes per RB and 8 RBs per subframe, a maximum 48 CQI reports per subframe can be supported.  If half of the resources (4 RB’s per subframe) are reserved for Ack/Nack, 24 CQI reports per subframe could be supported.  Assuming the CQI reporting period of 4ms, 96 reports are generated every 4 ms.
3. Link performance and link budget. Larger pathloss means less supportable CQI channels.
4. Uplink IoT. Since multiple UEs transmit using the same time and frequency resource, the resulting IoT should be carefully evaluated.

[image: image3]
Figure 3 – Uplink SNR distribution for full bandwidth transmission using full power.
Figure 3 shows the uplink SNR distributions for full bandwidth transmission at maximum power. For case 3, assuming no inter-cell interference, almost all UEs can support 5 (10) bits CQI (assumes CQI transmitted using one RB). Other UEs must repeat in order to close the link. For more benign coverage cases compared to case 3, there is no link budget problem.

[image: image4]
Figure 4 – Average IoT versus the target received SNR.
Figure 4 shows the average IoT for case 1 and 3 when multiple UEs are transmitting at the same time and in the same frequency region to achieve a target SNR. For 5 bits CQI report, the target C/I is -9 dB and at least a part of the IoT curve has to be below the purple curve in order to achieve the target C/I. Therefore, 6 CQI reports (each of 5 bits) per TTI can be supported, while 6 CQI reports (each of 10 bits) per TTI cannot be supported if all UEs are allowed to feedback 10 bit CQI reports.
One solution is to let only the UEs with relatively good channel to report narrow band CQI (10 bits) for frequency selective scheduling. As shown in Figure 5, with only the top 50% of UEs with relatively good channels sending CQI reports of 10 bits each, 6 reports per RB can be supported. However, the gain of frequency selective scheduling is reduced, since only some UEs report narrow band CQI.

[image: image5]
Figure 5 – Average IoT versus the target received SNR: only the top 50% UEs.

Therefore, with 50% of UEs sending CQI reports of 10 bits and the other UEs sending CQI reports of 5 bits per subframe, 6 CQI reports per RB per TTI can be supported. With 8 RBs, this translates to 48 CQI reports per TTI and total of 192 CQI reports if the report interval is 4 ms.  If 4 RB’s (out of 8) are reserved for Ack/Nack transmissions only 96 CQI reports can be supported in a 4ms reporting interval.  
For some CQI feedback schemes, the number of bits per report is significantly larger than 10, especially for 10 and 20 MHz carriers. FS scheduling throughput gains for these schemes should be conditioned on overhead analysis to justify the uplink feedback capacity assumed.
For example, if 15 bits are required for a particular 10 MHz narrow band CQI reporting scheme then UEs closer to the cell could report all 15 bits (or even 20 bits) in a 2 subframe reporting interval (10 bits per report).  UEs closer to the cell edge would require 3 subframes to report 15 bits (5-bits per report).  Given 24 5-bit CQI reports and 24 10-bit CQI reports can be supported using 8 RBs per subframe, then 72 (= 4x24/2+ 3x24/3) narrow band CQI reporting UEs can be supported and 4 (=24/3/2) wideband reporting UEs using repetition could be supported for a 4ms reporting interval. 

4. Conclusions

From the above analysis and simulation results, the following conclusions are drawn:
1. Different types of CQI reports, such as WB, NB (of different sizes), and differential CQI reports, should be supported to efficiently trade-off uplink overhead and downlink performance. A Node-B should be able to control the UEs’ CQI report type and period, according to the UEs’ speed, channel condition, traffic type, and system loading.

2. At least some UEs, such as those moving at high speed, with weak channel, and for VoIP traffic, should be allowed only to feedback WB or differential CQI report.
3. For conversational type packet data services like VoIP, control signaling techniques should be supported that require less frequent CQI reporting as well as fewer reported bits.  For example, by reporting a 4-bit CQI every 20 ms.  Preferably the CQI report could be included (piggy backed) with the uplink transmissions such that CQI is reported every 20 ms for full rate packet transmissions and 160ms for SID during DTX.  It assumed CQI would be averaged over 160 ms when included in SID payload.
4. The number of bits per CQI report sent on a subframe basis should not be higher than 10.

5. With increased delay, K-bit NB CQI reports can be reported in a progressive and time differential manner to reduce overhead such that e.g. only K/N bits are reported per subframe.  

6. The CQI report type and period of a UE may be varied based on its traffic type and its data status.
7. For uplink control resource efficiency, single slot transmissions for CQI and ACK/NACK feedback should be considered for UEs with uplink link budgets (pathloss) that warrant it.
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