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1. Introduction
During the last RAN1 meetings, there has been significant progress within the area of CQI feedback. It has in particular been decided to support the possibility for the eNodeB to use the uplink (UL) grant for requesting a CQI report on the PUSCH in an a-periodic manner. This makes it possible to piggy back a CQI report on data that anyway needs to be scheduled in the uplink. To support such an uplink grant based triggering feature, RAN1 has agreed to spend at most one extra bit as part of the uplink grant.

The present contribution presents a scheme for requesting CQI on the PUSCH without incurring any significant overhead.

2. CQI Request Scheme with Minimal Signaling Overhead

Requesting CQI on the PUSCH needs to support two triggering mechanisms

· trigger a CQI-only report

· trigger a CQI report to piggy back on data

The format used for the CQI report can be semi-statically configured using higher layer signaling. As such, in the simplest of cases, a single message (i.e., a codeword) as part of the transport format messages in the UL grant can be allocated to trigger a CQI-only report. If the CQI-only message is not signaled in the UL grant, the triggering rule for CQI with data determines whether the UE should attach a CQI report to the data. Clearly, this scheme introduces a negligible signaling overhead much less expensive than devoting a whole bit.

2.1. Triggering Rule for CQI with Data

In order for the UE to attach CQI with data in response to an UL grant, the following triggering conditions need to be met

1. The UE receives an UL grant in which the transport format part corresponds to scheduling data on the PUSCH.

2. The scheduled data transmission is the first within a cycle of N subframes.

3. The pay load size, TBS, of the data transmission is larger than some threshold TBS_threshold

The parameters N and TBS_threshold are semi-statically configured using higher layer signaling. This triggering rule strives for piggy backing CQI to the data in roughly an N-periodic manner, which is reasonable considering that the scheduler needs a rather steady stream of CQIs in order for channel dependent scheduling to work efficiently. At the same time it avoids sending CQI reports too often which could occur if a CQI report was attached to every data transmission on the PUSCH. 

An example of how the CQI request scheme may operate is illustrated in Figure 1. As seen, there is at least one CQI report in each cycle of N = 8 subframes and in addition CQI-only reports can be added on top of that. A useful analogy from the real life world is to note that this scheme is similar in spirit to the simple rule of performing some task the first Wednesday (corresponding to first scheduling instant) every month;, Wednesday does not occur on the same date each month but still the rule ensures a periodicity of one month (this analogy is not perfect since a Wednesday always occurs every month).

Step three above concerning the threshold on pay load size ensures that CQI is only piggy backed on data with a pay load size that is sufficiently large so that it is possible to avoid CQI reports which dominate in size over the data to be scheduled.
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Figure 1: Illustrating use of subframes for a single UE when a-periodic CQI reporting is configured with a cycle duration of N = 8 subframes. Some reports are CQI-only and some other reports are piggy backed on data.
3. CQI Request Scheme with 1-bit Signaling

It has alternatively been proposed to add one additional bit in the uplink grant to trigger a-periodic CQI reports ‎[4]. Also this scheme needs to support CQI-only reporting. There are however some major drawbacks with this approach:

· It costs several kbps of additional overhead (1 bit per ms per grant).
· It cannot be turned off. Once the bit is there we have to send it even if we don’t need to use a-periodic CQI reporting or if we are fine with CQI-only reports. Thus coverage of the UL grant is hurt for every UE regardless of whether a-periodic CQI reporting is used or not.

In contrast, the previous scheme introduces completely negligible signaling overhead in the UL grant while implementing similar operation of the CQI triggering as would make sense to use also for the 1-bit scheme.
4. Summary and Conclusions

This contribution proposed and discussed a simple signaling-conservative scheme for triggering a-periodic CQI reports on the PUSCH without incurring unnecessary signaling in the UL grant. It was moreover compared to a scheme requiring a whole bit dedicated for supporting similar functionality.  Because of this, we propose that LTE should support the signaling-conservative scheme as presented in Section .
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