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1.
Introduction

Frequency-domain scheduling can provide high data-rates for E-UTRA by exploiting the multi-user diversity and frequency-selectivity. One of the main issues of frequency-domain scheduling is to overcome the extensive CQI feedback overhead. 
Depending on the CQI bandwidth used, explicit CQI feedback for every frequency band can result in significant overhead and therefore reduced UL capacity. 
This paper provides view on how different schemes for CQI feedback reporting can impact the Frequency selective Scheduling.

2.
Scheduling

2.1. Scheduling support for Voice Services in E-UTRA
In [7], a scheme allowing Grouping of UEs was proposed. This was particularly targeting the voice services due to the small size of the packets involved and also due to the need to support a large number of users especially with the wider bandwidths expected for LTE.

Efficient scheduling can be achieved with grouping, allowing also to reduce the amount of signaling and feedback required in order to support voice traffic. User are grouped based on their channel conditions – the rationale being that users in similar channel conditions would be supported with similar channel attributes such as modulation, coding rate, etc. Groups are associated with particular sub-frames in order to exploit known traffic characteristics and allow for statistical multiplexing based on activity factor and retransmission requirements. The mechanism is flexible and supports cases of overloading and mixed services as well.

2.2. Frequency-Selective Scheduling (FSS)
Frequency Selective Scheduling is typically used when multiple users within a TTI are assigned to different sub-carriers. Frequency-selective scheduling is beneficial due to advantages of using power control and adaptive modulation (e.g: BPSK, QPSK, 16QAM …) and coding rate that can be performed on each sub-carrier according to its channel quality indicated by individual CQI report.

As mentioned above, in FSS the sub-carriers are shared by all UEs and CQI must in some way reflect the channel state on sub-carriers. Thus, the design of the feedback channel in combination with the scheduling scheme yields a particular challenge and needs further study. In our view, Frequency Selective Scheduling coupled with CQI bitmap or hybrid CQI feedback schemes can achieve most of the system throughput with only a few feedback bits.
3.
CQI reporting
3.1.
Periodic versus Trigger Based CQI Feedback

CQI feedback can be periodic and trigger based. 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. 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. 
3.2
CQI Feedback Load 

There are 2 types of CQI feedback, narrow bandwidth (NB, CQI specific to a resource Block) 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 could be used. When in voice inactive state, CQI could be turned off or be reported with a reduced frequency (e.g. every 100 ms). One other option to further reduce the CQI overhead for VoIP UEs, and to support large number of VoIP UEs, is to reduce the number of bits per CQI report and adapt the reporting period. In the case grouping is used, an alternate CQI feedback (called group step indicator, GSI) can be used, consisting of only 1-3 bits and being feedback every 20 or 40ms. 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. 300 ms). For UEs with bad channel or high speed, periodic WB CQI with low reporting rate, for example every 160 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 in order to get the most benefit from the FSS. Note that multiple NB CQI reports may be needed to cover the whole bandwidth or the best sub-bands.

3.3

CQI Reporting scheme
While RAN1 have been discussing several different types of CQI feedback schemes, it is proposed here to only mention the Contiguous and Non-contiguous Hybrid CQI feedback schemes which have most impact on Frequency Selective Scheduling.
3.3.1
Description of Contiguous CQI feedback schemes for EUTRA

When transmitting the CQI every x sub-frames, only the channel quality of one sub-band at level n with its corresponding index is fed back to the Node-B.

With this general CQI report structure, many implementation schemes are possible such as allowing the Node-B, by iterating through all the levels, to roughly re-construct the fading profile of the whole band (since the CQI is averaged over the sub-band of interest). Or choosing to only report the highest and the lowest levels.

3.3.1
Description of Non-Contiguous CQI feedback schemes for EUTRA

In the case of Non-contiguous Hybrid CQI scheme a bitmap is sent with the number of bits equal to the number of resource blocks and one CQI value. Each bit indicates whether the corresponding resource block is being reported while the CQI value is (e.g.) the average CQI across the resource blocks that are reported.
4.
Conclusion
From the above analysis, the following conclusions are drawn:

1. Efficient scheduling can be achieved with “Grouping”. Users are grouped based on their channel conditions, and similar channel attributes (e.g. similar modulation and coding rate. Groups are associated with particular sub-frames in order to exploit known traffic characteristics and allow for statistical multiplexing based on activity factor and retransmission requirements.
2. Different types of CQI reports, such as WB, NB 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 load of the system.
3. The total uplink time and frequency resource assigned for CQI feedback should be adjustable.
4. The two Hybrid CQI reporting schemes presented have very low overhead compared to many other schemes.  The hybrid (contiguous) CQI reporting scheme and bitmap reporting (hybrid non-contiguous) scheme using frequency selective scheduling provide approximately 30% improvement over the frequency non-selective scheme and both have performance close to the full band CQI reporting scheme. 
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