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1. Introduction 

In order to support downlink link adaptation and channel-dependent scheduling, including the use of different MIMO transmission schemes, LTE uses feedback from the UE to the NodeB of the instantaneous channel conditions. This is typically referred to as CQI reports. Clearly, from an overhead perspective, it is desirable to keep the number of bits in the CQI reports to a minimum. At the same time, the larger the number of bits in the CQI report, the higher the amount of information can be provided to the scheduler, allowing for the possibility of a higher downlink throughput. Therefore, a trade-off between the two is required.

The CQI reports (actually, uplink control signaling in general) can be transmitted in two ways:

· on the scheduled resource, i.e., time multiplexed with data, when uplink data and control signaling is transmitted simultaneously, and

· on reserved resources at the edges of the transmission bandwidth when no uplink data is transmitted simultaneously.

This is illustrated in Figure 1.

A drawback with this scheme is that resources must be reserved for control signaling; resources that will be unused when the UE is transmitting data simultaneously with control signaling. This further adds to the importance of minimizing the CQI reporting overhead, especially for the first case above (control signaling only). Finally, the amount of resources needed to be reserved for a certain UE depends on the MIMO scheme configured for that UE, potentially adding further complication to the configuration of the reserved resources.
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Figure 1: Principle illustration of control signaling on the scheduled resource, time-multiplexed with data (top) and on reserved resources when no data is transmitted simultaneously (bottom).

2. Discussion

Accurate channel quality knowledge at the NodeB is mainly required when the data is transmitted in the downlink, i.e., when the UE has data waiting in the transmission buffer. When there is no downlink data transmission taking place, there is no or very small need for (detailed) CQI reports. Furthermore, when the UE is receiving data in the downlink, there will typically also be transmission activity in the uplink, at least in the form of hybrid-ARQ ACK/NAKs. As an example, when downloading a file using TCP/IP, the UE will transmit TCP ACKs in the uplink. Thus, preferably the CQI reports should be sent mainly when the UE is anyway transmitting in the uplink in response to downlink transmissions as this will minimize the amount of semi-statically allocated CQI resources. 

 This fact can be exploited to reduce the CQI overhead by defining two CQI formats:

· format A with a larger number of bits, used when the UE anyway would transmit in the uplink, and

· format B with a smaller number of bits, used for CQI-only transmission

Which of the two formats that the UE shall use can be tied to the presence of a valid scheduling grant or the presence of an uplink hybrid-ARQ ACK/NAK in response to downlink transmissions?

One possibility is to exploit the fact that downlink data transmission in most cases also trigger uplink data transmissions, e.g., TCP ACK/NAKs, and transmit CQI using ‘format A’ only when the UE anyway is transmitting uplink data. This could allow for relatively detailed ‘format A’ CQI reports as they are transmitted on the scheduled resource

Another possibility is to tie the CQI reports to the uplink hybrid ARQ ACK/NAKs such that ‘format A’ CQI reports are transmitted only when hybrid ARQ ACK/NAKs are transmitted and format ‘B’ is used otherwise. This would not address the overhead from the reserved resources when data is transmitted simultaneously with uplink control signaling but poses fewer assumptions on the uplink/downlink traffic behavior. The benefit of transmitting detailed CQI reports only when there is downlink data transmission is kept though. 

Having different sizes for the two CQI reporting formats is not foreseen to complicate the overall structure. The transmission structure is anyway different for the two cases (control only or control/data) and allowing for different payload sizes does not add significantly to the overall complexity.

3. Conclusion

It is proposed to make the size of the CQI reports dependent on other UE uplink activity, i.e., one size of the CQI reports is used when the UE has a valid grant and/or simultaneously transmits ACK/NAK, and another size is used otherwise.
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