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1. Introduction

In [1] and [2], it was suggested that the scheduled (or triggered) CQI reports transmitted on the physical uplink shared channel (PUSCH) should be fully utilized in addition to the normal periodic CQI reports transmitted using the reserved physical uplink control channel (PUCCH), in order to minimize the overhead of the reserved PUCCH for CQI feedback. During the 3GPP RAN1#50 meeting in Athens, the general way forward for CQI reporting using the PUCCH and PUSCH was agreed [3]. However, the exact usage of the PUCCH and PUSCH for the CQI reports was not thoroughly discussed. This contribution presents issues on the usage of CQI reports in the PUCCH and PUSCH.

2. Issues on Usage of CQI Reports in PUCCH and PUSCH
In this section, we suggest two issues related to the usage of CQI reports in the PUCCH and PUSCH.
(1) Necessity of frequency-selective CQI reporting using PUCCH
In the current working assumption, the PUCCH can convey approximately 10 bits per sub-frame based on the CAZAC-based structure. Thus, even if we employ the concatenation of contiguous sub-frames [4] or enhanced sequence modulation [5], the number of CQI bits that the PUCCH can convey is limited up to approximately 20 bits. On the other hand, it was reported that approximately 40 bits are required for CQI reporting in order to maximize the gain of the frequency-domain scheduling with sufficient frequency granularity [6, 7]. Thus, it was proposed in [2] that the PUCCH should transmit single wideband CQI contents. In this case, the PUSCH is mainly used for frequency-domain channel dependent scheduling. 
However, according to the propagation channel conditions, CQI information carried by the PUCCH would be sufficient. In addition, CQI of sub-band is transmitted frequently since frequency domain channel-dependent scheduling is used for the normal data transmission. Therefore, to enable efficient CQI reporting, frequency-selective CQI reporting using the PUCCH is necessary in addition to wideband CQI reporting. It was also given in [8, 9] that CQI reporting using the PUCCH is useful for frequency-domain scheduling especially in low mobility cases. An example of the contents is shown in Fig. 1.
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Figure 1 – Example of CQI reporting contents using PUCCH
(2) Necessity of triggered CQI reporting using PUCCH

In [3], the possibility of aperiodic, i.e., triggered, CQI report using the PUCCH is mentioned as FFS. A triggered-based CQI request is also beneficial to persistent transmission when the interval of successive data transmissions is much longer than the radio frame duration. The Node B scheduler manages the available radio resource in the PUCCH. Thus, triggered-based CQI reporting is easily applied to the PUCCH. Meanwhile, triggered-based CQI reporting becomes much more efficient than persistent CQI reporting in some cases. Therefore, the triggered-based CQI transmission mode should also be applied to the PUCCH as well as the PUSCH. 
3. Configuration Method of PUCCH and PUSCH for CQI Reporting
(1) PUCCH configuration for CQI reporting
Considering the dependency of the optimum CQI format on various channel conditions reported, e.g., in [6, 7], it is desirable to support a variable number of CQI bits per report and a variable CQI report interval, even for CQI reporting using the PUCCH. 
A simple example is shown in Fig. 2. When the granularity of the CQI in the frequency-domain is given with a higher priority than that in the time domain, the longer TTI, i.e., the concatenation of contiguous sub-frames, with a longer CQI report interval is configured. In contrast, when the granularity of the CQI feedback in the time domain is given with a higher priority, the shorter TTI, i.e., a single sub-frame, with a shorter CQI report interval is configured. However, the number of options should be minimized.
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Figure 2 – Example of PUCCH configuration for CQI reporting
These parameters can be controlled either on a per-UE basis or per-cell basis (FFS). In order to change adaptively the PUCCH configuration for each UE, we propose the use of a special uplink grant within the physical downlink control channel (PDCCH). This concept is shown in Fig. 3. In this case, the trigger-based configuration is achieved within a limited persistent interval such as 10-20 msec.
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Figure 3 – Trigger-based configuration using specific uplink grant

(2) PUSCH configuration for CQI reporting
In order to configure the PUSCH for CQI reporting, the uplink grant can be used similar to the usual case. This concept is shown in Fig. 4. In this case, a part of the uplink grant can be used to request a detailed CQI report in the PUSCH as proposed in [1]. 
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Figure 4 – CQI reporting in PUSCH based on usual uplink grant

The above method is beneficial from the viewpoint of the overhead when the UE has data to be transmitted since the existing uplink grant can be reused. However, when the UE does not have data to be transmitted, the use of the usual uplink grant seems to be redundant. Therefore, we propose the use of a special uplink grant for the persistent allocation of the PUSCH [10] with a limited persistent interval such as 10-20 msec. This concept is shown in Fig. 5. In this case, the size of the special uplink grant can be reduced compared to the usual uplink grant since the bandwidth and transport format can be limited for the CQI transmission. Furthermore, we can reuse the same format as the aforementioned uplink grant for the PUCCH.
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Figure 5 – CQI reporting in PUSCH based on specific uplink grant

4. Conclusion
In this contribution, we discussed the basic overall configuration of the CQI reporting method using the PUCCH and PUSCH appropriate for the E-UTRA.
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