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1. Introduction

During the RAN1#50bis meeting in Shanghai, both periodic CQI reporting on the PUCCH and aperiodic (or triggered) CQI reporting on the PUSCH were adopted [1]. Furthermore, it was agreed that both wideband and frequency selective CQI reporting methods would be supported on both the PUCCH and PUSCH [1]. This contribution presents further investigation on the CQI reporting method in the E-UTRA.
2. Periodic CQI Reporting Method on PUCCH
(1) PUCCH configuration for CQI reporting

At the Shanghai meeting, it was agreed that frequency selective CQI reporting using the PUCCH would be employed [1]. In order to control the time and frequency granularity of the periodic CQI reporting on the PUCCH, we employ a semi-static configuration using higher layer signaling. In this case, the Node B can control the CQI reporting granularity according to several conditions such as UE’s speed, channel condition, e.g., delay spread, traffic type, e.g., required delay, and channel load [2].
In order to control the time and frequency granularity of the periodic CQI reporting on the PUCCH, we propose to adopt the following features.

· CQI report interval is configured for time-domain granularity
· A single CQI report can comprise multiple sub-frames when the number of CQI bits per report is large

· The number of CQI bits per report is configured for frequency-domain granularity.
A simple example is shown in Fig. 1. When the granularity of the CQI in the frequency domain is given with a higher priority than that in the time domain, a larger number of CQI bits per report 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, a smaller number of CQI bits per report with a shorter CQI report interval is configured.
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(a) Case 1: Priority given to frequency-domain granularity
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(b) Case 2: Priority given to time-domain granularity
Figure 1 – Example of PUCCH configuration for CQI reporting
(2) Basic CQI format for efficient reporting

In this section, we discuss how to configure the CQI format according to the decision at the Shanghai meeting [1]. Our recommendation is given below (see Fig. 2).
· Wideband CQI, which is also used for power control for the downlink control channel, is multiplexed into all sub-frames used for CQI reporting
· For the sub-band (comprising k PRBs) CQI, the relative value from the wideband CQI is transmitted
· Multiple sub-band CQIs are group-wised and cyclically transmitted using the configured sub-frames as shown in Fig. 2(a).

· The combination use of the best-M method may be applied (see Fig.2 (b))
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(a) All sub-band report
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(b) Best-M sub-band report

Figure 2 – Example of CQI reporting contents using PUCCH
3. Aperiodic CQI Reporting Method on PUSCH
(1) PUSCH configuration for CQI reporting

In order to configure the PUSCH for CQI reporting, the uplink grant can be used in a manner similar to that for the normal case. This concept is shown in Fig. 3. In this case, a part of the uplink grant can be used to request a detailed CQI report in the PUSCH as proposed in [3]. 
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Figure 3 – CQI reporting in PUSCH based on normal 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, using the normal uplink grant seems to be redundant. Therefore, we propose using a special uplink grant for the persistent allocation of the PUSCH [4] with a limited persistent interval such as 10-20 msec. This concept is shown in Fig. 4. In this case, the size of the special uplink grant can be reduced compared to the normal 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 4 – CQI reporting in PUSCH based on specific uplink grant
Considering the PUSCH configuration for CQI reporting, the time granularity can be controlled using the interval for the uplink grant with the CQI report request. Therefore, in order to control the frequency granularity of the aperiodic CQI reporting on the PUSCH, we employ a semi-static configuration using the higher layer signaling. In this case, Node B can control the CQI reporting granularity according to conditions such as channel conditions, e.g., delay spread and channel load, as with the method for CQI reporting on the PUCCH above.
4. Conclusion
In this contribution, we discussed the basic overall configuration for the CQI reporting method using the PUCCH and PUSCH appropriate for the E-UTRA.
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