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1. Introduction

OFDMA based multiple access scheme is the candidate for 3GPP EUTRA. In OFDMA systems frequency selective scheduling (FSS) significantly improves system spectral efficiency (SE).  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 [2]

 REF _Ref129072115 \r \h 
[3]

 REF _Ref129072118 \r \h 
[4].
This contribution [7] presents an overhead analysis for CQI feedback and proposes a resource assignment scheme for uplink CQI feedback channel based on the overhead analysis and link and system performance results. Please note that details of different CQI schemes were already presented in [4].
2. Periodic versus Trigger Based CQI Feedback

There are 2 options to report CQI feedback, periodic and trigger based. It was shown in [6] that trigger based CQI reporting scheme has lower overhead than periodic scheme based on the assumption that the overhead of the periodic scheme increases linearly with the number UEs in the system. However, Node-B can dictate the reporting period and bandwidth for each UE according to the load of the system and channel quality and traffic types of the UEs. Overall overhead of CQI feedback can then be controlled to a low level for all cases while at the same time preserving most of the gain from FSS. On the other hand, the trigger based CQI feedback scheme has the problem of the extra delay.  In addition, Node-B needs to pick blindly which UEs will send CQI feedback since channel conditions for UE is not known to the Node-B in advance for the trigger based scheme. In this contribution, the periodic CQI feedback scheme is analyzed.
3. CQI Feedback Load Analysis
There are 2 types of CQI feedback, narrow bandwidth (NB, e.g., per sub-bands) CQI and wide bandwidth (WB) CQI for the whole bandwidth. For certain group of UEs, such as those moving at high speed, having weak channel conditions, supporting VoIP service, only WB CQI (e.g. 5-6 bits) is reported at a relatively low rate. 
For UEs with different types of traffic, the CQI reporting period and bits should vary. 
1. For VoIP UEs, periodic reporting of WB CQI, for example every 20 ms should be appropriate. When in voice inactive state, CQI could be turned off or is reported with a reduced frequency (e.g. every 160 ms). The CQI channel resource can be re-assigned to or shared with other UEs. One other option to further reduce the CQI overhead for VoIP UEs, which may be necessary to support large number of VoIP UEs, is to reduce the number of bits per CQI report. Differential reporting of 1 bit may require shorter period, for example every 2 ms. If only long term average channel quality information is needed, longer period as such 20 ms may be used. In the case grouping is used with VoIP, an alternate CQI metric called a group step indicator (GSI) can be used. The GSI consists of only 1-3 bits and is feedback every 20 or 40ms to move a VoIP UE up or down in the group hierarchy where each group e.g. corresponds to a different CQI range. Assuming the GSI report of 3 bits, for 12 bits overhead per 0.5 ms TTI with reporting period of 40ms, up to 320 users can be supported per cell.
2. In case of HTTP traffic, when the inactive UEs does not have data for a while the CQI could be turned off or reported with a reduced frequency, (e.g. 160 ms). For UEs with bad channel or high speed, periodic WB CQI with low reporting rate, for example every 10/20 ms, may be appropriate. For UEs with good channel and slow speed, NB CQI with appropriate reporting rate is desired.
3. In case of full buffer type of traffic (FTP, Video streaming), UEs with relatively good channel and slow speed, NB CQI with appropriate reporting rate is used. Assuming 10 bits is needed for each NB CQI report in a 5 MHz system, multiple NB CQI reports may be needed to cover the whole bandwidth or the best sub-bands.
As an example, Table 1 illustrates the total number of bits needed for CQI feedback versus the number of UEs that are good candidates for FSS, meaning they have good channel quality, slower speed, no VoIP traffic and data in the buffer.  In this case, it is assumed that each NB CQI report has 10 bits and the reporting period and number of NB CQI reported in each period vary with the load of the system. This example shows that, with smart design of the scheduler and adaptable CQI feedback controlled by Node-B, the dynamic range of the total bits needed for CQI feedback (from all the UEs) is largely reduced.  The minimum number of bits needed may depend on the actual load of the system, but 150 bits could be a good starting point. In the next section, simulation results are used to estimate how much uplink time and frequency resource is actually needed for CQI feedback channels.

Table 1 - Illustration of the bits needed for CQI feedback versus the number of FSS UEs.

	Number of UEs
	Reporting Period
	Bits per Reporting period/UE
	Total Bits per TTI
	Comments

	1
	0.5 ms
	120 (full NB feedback)
	120
	An alternative is to feedback WB CQI with 5 bits per sub-frame.

	2
	0.5 ms
	60
	120
	With certain downlink signaling limitation, say contiguous allocation of sub-bands to one UE, CQI feedback scheme with smaller number of bits is feasible.

	12
	0.5 ms
	10
	120
	

	30
	1 ms
	10
	150
	

	120
	2 ms
	10
	300
	

	1200
	5 ms
	10
	1200
	For each sub-frame, there are average 10 NB CQI reports per sub-band to provide enough FSS gain.

	12000
	50 ms
	10
	1200
	For each sub-frame, there are average 10 NB CQI reports per sub-band to provide enough FSS gain.


4. CQI Feedback Channel Resource Assignment and Link Performance
Figure 1 shows an example for CQI feedback channel resource assignment. In this example, 4 resource blocks, each consisting of 12 sub-carriers, are assigned to CQI feedback channels (and possibly other uplink control, such as ACK/NACK). It may be noted that the Node-B should be able to assign the total resource to CQI feedback channels in an incremental fashion in both time and frequency dimension. For example, the minimum time/frequency resource region for CQI could be 2 resource blocks every 4th sub-frame and it can then increase to every 2 sub-frame and every sub-frame, and so on.  Node-B determines how much resource to assign to CQI according to the load of the cell and the traffic types of the UEs, etc. Within the assigned resource region, each UE will then be assigned a MCS level with allocated sub-carriers and the reporting period.

In Figure 1, additional dedicated full baud pilot tones instead of original half baud pilot tones are inserted to help decode the CQI reports. The CQI message is also transmitted in the half baud symbols.
 Time division splitting a CQI message between two resource blocks in a subframe is supported for diversity gain. Each UE may be assigned 14, 28 or 42 sub-carriers according to its uplink channel quality.
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Figure 1 – Example of Resource Assignment for CQI Feedback (based on 2 SB’s and FDM)
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Figure 2 Link performance results of CQI report: 5 bits.
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Figure 3 Link performance results of CQI report: 10 bits.
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Figure 4 Link performance results of CQI report: 1 bit.

Figure 2 to Figure 4 present link performance results for CQI report. Table 2 shows an example of the MCS levels for CQI feedback channel with 5, 10 and 1 bits. For the one bit differential CQI report, 14 sub-carriers are assigned with total 6 or 8 pilot sub-carriers. Table 2 gives the required C/I to achieve 1% FER for CQI report MCS levels.
Table 2 MCS levels and required C/I for uplink CQI channel.

	MCS Levels for CQI Report
	C/I (dB)


	MCS


	CQI bits


	Number of sub-carriers for CQI bits
	Number of sub-carriers for pilot
	Sub-carriers per bit
	

	1
	5
	30
	12
	8.4
	0

	2
	5
	20
	8
	5.6
	2

	3
	5
	10
	4
	2.8
	7

	4
	10
	20
	8
	2.8
	4

	5
	10
	10
	4
	1.4
	12

	6
	1
	6 or 8
	8 or 6
	14
	-2


5. CQI Overhead Analysis

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

1. Total resource assigned to CQI report.  In this case, 4 resource blocks are assumed for 5 MHz bandwidth.

2. ISD. Larger ISD results in less number of supportable CQI channels.
3. Power assignment for CQI reports. Since each CQI report only occupies a small portion of the bandwidth, the power per sub-carrier could be very high if transmitting at full power. How high the power per sub-carrier of CQI channel depends on the how much interference can be tolerated by the data or control channels of the neighboring sectors.
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Figure 5 – Uplink C/I distribution for CQI feedback channel. (No power raise: power per sub-carrier same as full power over the whole bandwidth; Power raise: power per sub-carrier to reach 3 dB above noise; Full-power: full power transmission for CQI channel only.)
Figure 5 shows uplink C/I distributions for two cases. For the UEs with weak channels, the received power per sub-carrier is raised to at least 6 dB above the noise if possible. Other power assignment approach may achieve better C/I distribution while generating more interference. In addition, repetition of CQI report may be necessary like HSDPA for cell edge users.
Combining the link simulation results and the system level C/I distribution for uplink EUTRA, with 2 resource blocks assigned to CQI channels, the average numbers of supportable CQI reports are given in Table 3. 
· If all UEs send WB CQI, about 20 (or 12) WB CQI reports can be supported every sub-frame for ISD of 500 (or 1732) meters. With 10 ms reporting period, this translates to 400 (or 240) UEs per sector for frequency diverse transmission. 
· For NB CQI, assuming only the UEs with good channels send NB CQI reports, for example 85% of UEs for ISD with 500 (or 1732) meters, a total about 20 (or 14) NB CQI channels can be supported per sub-frame using 2 resource blocks. With 2 ms reporting period, this translates to 80 (or 56) UEs per sector for frequency selective scheduling. 
· More than 25 1-bit differential CQI report can be supported using the same amount of resource.
Table 3 – Supportable number of CQI reports per subframe
	CQI Report
	Supported number of CQI
	Assumptions

	
	ISD=500
	ISD=1732
	

	5 bits (WB)
	20
	12
	All UEs

	10 bits (NB)
	20
	14
	Only top 85% UEs

	1 bits (diff.)
	>=25
	>=25
	Smaller resource assignment possible


The above analysis assumes 5 MHz bandwidth and overhead of 4 resource block for CQI report. For WB CQI, the number of bits per report could be fixed (e.g. 5) and is independent of bandwidth.  However, for NB CQI, the number of bits per report may vary with the system bandwidth depending on the feedback schemes [2] although in this case CQI reporting may be managed in such a way as to keep overall CQI overhead a fixed fraction of total carrier band resources.
6. Conclusions

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

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 3-bit GSI instead of 5-bit CQI every 20 ms or even as infrequently as every 40 ms.

4. 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.  

5. The CQI report type and period of a UE may be varied based on its traffic type and its data status.
6. The total uplink time and frequency resource assigned for CQI feedback should be adjustable.
7. Additional pilot symbols in the data region could be considered as long data and pilot from the same user are not multiplexed in the same block.
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� With 1 ms TTI and the possible changes in uplink frame structure, for example no short symbol, the exact structure of the uplink CQI feedback channel may need to be modified accordingly. However, the conclusions drawn from this analysis will not change.





