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1 Introduction

Scheduling and link adaptation is one of the key technologies to meet the performance requirements of EUTRA [1] since the spectral efficiency of the system largely depends on the scheduling. 

In this contribution, we discuss some aspects related to the scheduling procedure of EUTRA downlink such as CQI feedback, resource allocation, link adaptation, and power control. 
2 Shared data channel operation overview
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Figure 1. Downlink Shared Data Channel operation overview
Figure 1 illustrates shared data channel operation overview in EUTRA downlink. Each node B transmits common pilot signals (sometimes referred to as common reference signals) at regular intervals in the time and frequency domain. Each UE measures downlink channel quality based on these common pilot signals and sends back a channel quality indicator (CQI) to its serving cell which probably provides the best downlink quality. Then, the Node B scheduler determines which UEs are to receive data and the amount of resources used for the transmissions. Node B then transmits shared data channel(s) (SDCH) and shared control channel(s) (SCCH). After decoding these SCCH and SDCH, the UEs receiving data send back ACK/NACK for a proper HARQ operation.
3 CQI feedback from UE
To facilitate channel dependent scheduling, link adaptation, and power control for physical/L2-control signaling channels, each UE reports the CQI indicating the downlink channel quality of its serving cell. The downlink channel quality is measured based on common reference signals. To efficiently support both localized and distributed transmissions which are to be supported in EUTRA downlink [1], it is desirable to define two different kinds of CQI value, Entire CQI and Chunk CQI as follows: 

1) Entire CQI: 
A CQI value reflecting its average SNR for the entire bandwidth, i.e., average SNR for the whole useful sub-carriers. The Entire CQI is used for time domain channel-dependent scheduling, link adaptation, and power control of the physical channels transmitted on the sub-carriers scattered over the whole bandwidth, may be e.g., SDCH with distributed transmission or physical/L2-control signaling channels (may be SCCH, scheduling grant channel (GCH) for uplink data transmission, and uplink power control channel (if needed), etc.).
2) Chunk CQI:
A CQI value reflecting its average SNR for a certain frequency chunk, i.e., average SNR for the sub-carriers included in a certain frequency chunk. The Chunk CQI is used for frequency and time domain channel-dependent scheduling, link adaptation, and power control of the physical channels transmitted on the sub-carriers localized in one or multiple chunks, may be e.g., SDCH with localized transmission or physical/L2-control signaling channels with localized transmission (if exists).
The Entire CQI report should be mandatory for all the UEs since it is necessary for link adaptation and power control of the physical/L2-control signaling channels, e.g., SCCH or GCH. The Node B can minimize the amount of feedback information by allowing UEs to report only the Entire CQI. Note that a limited level of multi-user diversity gain is achievable based on this Entire CQI feedback since time domain channel-dependent scheduling can be still performed. It is desirable to make the period of the Entire CQI report from UE adjustable so that Node B can control the uplink burden.
Along with this mandatory Entire CQI report, the Chunk CQI report can be enabled for proper users, e.g., low-speed users requiring a high-speed data transmission. Note that the downlink throughput can be increased with this Chunk CQI report from multiple UEs by exploiting frequency and time selective scheduling at the Node B scheduler at the expense of the increased amount of feedback information. It is desirable that Node B and UE can negotiate Chunk CQI report mechanisms, e.g., the number of chunks for which Chunk CQI ‘s are to be reported, period, and which chunk’s Chunk CQI  to be reported so that Node B can control the uplink burden. During this negotiation, various aspects such as QoS, mobility, network load, UE class, and frequency selectivity can be taken into account. 
Details on the possible approaches to decrease the CQI feedback information are for further study.

Examples of CQI report from UE are shown in Figure 2.
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Figure 2. Examples of CQI report from an UE
4 Scheduling and link adaptation
General scheduling procedure could be as follows:
1) Each TTI, the Node B scheduler collects information needed for resource allocation, e.g., CQI feedback (Entire CQI and Chunk CQI), buffer occupancy, QoS parameters, UE class, ACK/NACK, etc.
2) The Node B scheduler determines priorities for all UEs (or services).
3) The Node B scheduler determines which UEs are to receive data, how much resources are used for each transmission, MCS (modulation and coding scheme) level, and the transmission type (localized or distributed). The transmission type can be determined based on the CQI values available, i.e., Entire CQI and Chunk CQI. Only distributed transmission can be assigned to UEs reporting only the Entire CQI and both localized and distributed transmission can be assigned to UEs reporting both Entire CQI and Chunk CQI. Note that even though the localized transmission corresponding to the chunks with Chunk CQI is desirable, the distributed transmission should be used if the channel condition of the chunks with Chunk CQI is worse than the Entire CQI, or the chunks with Chunk CQI are not available since they have been already assigned to other UEs.
The distributed transmission would be desirable for traffics with small size packets such as VoIP since the distributed transmission requires relatively small amount of CQI feedback compared to the localized transmission. On the other hands, the localized transmission would be desirable for bulk of traffics such as FTP download, HTTP, etc. since the multi-user diversity gain, or system throughput can be maximized by time and frequency domain channel-dependent scheduling for the bulk of traffics at the expense of increased amount of CQI feedback.
5 Conclusion
In this contribution, we discussed some aspects related to the scheduling procedure of EUTRA downlink such as CQI feedback, resource allocation, link adaptation, and power control. To efficiently support both localized and distributed transmissions which are to be supported in EUTRA downlink, it was proposed to define two different kinds of CQI value, Entire CQI and Chunk CQI .
We propose to adopt the text proposal described in the next section for inclusion of the mentioned principles into relevant sections of TR 25.814.
6 Text Proposal (Section 7.1.3.1 and 7.1.3.2 in TR 25.814) 
-------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
7.1.3.1 UE measurements
The UE should be able to measure and report to the Node B the channel quality of each resource block or the channel quality of the whole bandwidth, i.e. average SNR for the whole occupied sub-carriers, see Section 7.1.3.2, in form of a CQI. In order to allow for efficient trade-off between UL signaling overhead and link-adaptation/scheduling performance taking varying channel-conditions and type of scheduling into account, the time/frequency granularity of the CQI reporting should be adjustable.

Measurements periods to support inter-frequency and inter-RAT handover should be created by the scheduler, i.e. compressed mode is not assumed to be needed.
7.1.3.2 Channel quality indicator
To facilitate channel dependent scheduling, link adaptation, and power control for physical/L2-control signaling channels of EUTRA downlink, the UE reports the channel quality indicator (CQI) indicating the downlink channel quality of its serving cell. Two types of CQI, Entire CQI and Resource block CQI are reported as follows:
Entire CQI: 

A CQI value reflecting average SNR for the entire bandwidth, i.e., average SNR for the whole occupied sub-carriers. The Entire CQI is used for time domain channel-dependent scheduling, link adaptation, and power control of the physical channels transmitted on the sub-carriers, which are uniformly scattered over the whole occupied sub-carriers.
3) Resource block CQI:

A CQI value reflecting average SNR for a resource block, i.e., average SNR for the sub-carriers in a resource block. The Resource block CQI is used for frequency and time domain channel-dependent scheduling, link adaptation, and power control of the physical channels transmitted on the localized sub-carriers in a resource block.
---------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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