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1. Introduction
Different CQI reporting schemes are supported for the E-UTRA. The following has been agreed in [1] and captured in [2]:
Table 7.2-1: Physical Channels for Aperiodic or Periodic CQI reporting

	Scheduling Mode
	Periodic CQI reporting channels
	Aperiodic CQI reporting channel

	Frequency non-selective
	PUCCH

PUSCH
	PUSCH

	Frequency selective
	PUCCH 

PUSCH
	PUSCH


In case both periodic and aperiodic reporting would occur in the same subframe, the UE shall only transmit the aperiodic report in that subframe

…

A UE with a scheduled PUSCH transmission in the same subframe as its CQI report shall use the same PUCCH-based reporting format when reporting CQI on the PUSCH unless an associated PDCCH with scheduling grant format indicates an aperiodic report is required.

The above specification, however, still leaves a number of open issues regarding the procedure and interaction of different CQI reporting schemes. The above issues were discussed in [3] but no agreement was reached in the RAN1#51bis [4]. Based on the email reflector discussion prior to the RAN1#52 meeting, the following conclusion was suggested:
1. Remove the wideband CQI-only option for both periodic and aperiodic PUSCH-based reporting.
2. Aperiodic report on PUSCH can always be triggered by the Node B using the 1-bit in the uplink grant (as agreed in Sevilla).
3. Each UE shall be configured with at least 1 type of periodic reporting.
· More clarifications are needed regarding the relationship between the periodic CQI reporting and turning off CQI reporting completely or very long time.
4. Periodic wideband-CQI-only report on PUCCH as an option, of which periodicity can be independently configured.
· For a UE, the periodic wideband-CQI-only report on PUCCH can be configured together with the periodic frequency-selective CQI report on PUSCH. 
5. For aperiodic frequency-selective CQI report on PUSCH, keep both higher layer-configured subband feedback and UE-selected subband feedback.
6. For periodic frequency-selective CQI report on PUSCH, keep both higher layer-configured subband feedback and UE-selected subband feedback.
7. Continue discussion about the details of the periodic frequency-selective CQI report on PUCCH.
In addition, the following combinations of two periodic reports are identified:
1. Periodic wideband CQI on PUCCH + Periodic UE-selected subband feedback on PUSCH
2. Periodic wideband CQI on PUCCH + Periodic higher layer-configured subband feedback on PUSCH
3. Periodic wideband CQI on PUCCH + Periodic frequency-selective CQI on PUCCH 
4. Periodic wideband CQI on PUCCH
This contribution attempts to provide further clarification and views regarding the proposed conclusion. The proposed conclusion 2 is a corollary of the agreed upon working assumption. The proposed conclusion 4 is further discussed in relation to the combinations of periodic reports. Our view regarding proposed conclusion 7 is captured in the companion contribution [6].
2. View on proposed conclusion 1, 3, 5, 6
Note that the scope of the discussion does not address the combination of CQI and any other reporting types such as PMI and rank. 
2.1. PC1: Remove the wideband CQI-only option for both periodic and aperiodic PUSCH-based reporting
Since wideband CQI-only can be reported periodically on PUCCH, this configuration is not necessary and hence can be excluded from PUSCH (both periodic and aperiodic). This, however, does not rule out the combination of wideband-only CQI + sub-band PMI as discussed in [5].  
2.2. PC3: Each UE shall be configured with at least 1 type of periodic reporting
Relying on aperiodic CQI reporting alone is risky since the eNB depends on the reliability of the UE to detect the corresponding UL grant. The drawback is twofold:
· The UE fails to report the CQI if the UE misses the UL grant. At the same time, the eNB expects a CQI report from the UE. To counteract such problem, the eNB needs to implement a reliable mechanism to detect whether the UE misses or successfully detects the UL grant. Otherwise, the eNB will decode an erroneous and non-existent CQI report from the UE. The target missed detection rate is typically set to 1%. It was argued that to maintain such target, significant power boosting on PUCCH may be required.
· Even if such detection mechanism is possible, this results in an increased latency of the CQI report. Depending on the scenario, this may result in significant throughput loss.

Hence, the aperiodic CQI reporting should be used to complement a periodic reporting. That is, each UE shall be configured with at least 1 type of periodic reporting. 

For periodic reporting, a concern was raised regarding the CQI reporting operation in a long DRX state. It was then proposed to allow an infinite reporting interval for periodic CQI reporting. While this is a feasible solution, this may lead to operating the system with only aperiodic reporting. If this is to be avoided (as argued above), an alternative solution is to simply turn OFF all the CQI reporting mechanisms (both periodic and aperiodic) when the UE is in a long DRX cycle.  
2.3. PC5: For aperiodic frequency-selective CQI report on PUSCH, keep both higher layer-configured subband feedback and UE-selected subband feedback
Supporting both reporting schemes for the aperiodic PUSCH-based reporting seems acceptable. Having both schemes allow the network to tailor the aperiodic frequency-selective CQI reporting scheme based on the scheduler type, network load, link budget, and some other factors. In terms of overhead, the difference between the higher-layer configured and UE-selected sub-band feedback becomes more significant with PMI report. 
2.4. PC6: For periodic frequency-selective CQI report on PUSCH, keep both higher layer-configured subband feedback and UE-selected subband feedback
We expect that a periodic UE-selected sub-band reporting scheme is supported for PUCCH [6]. Hence, to minimize the number of modes, it is preferred not to support the UE-selected sub-band feedback for periodic reporting on PUSCH. This implies the support of 2 schemes for aperiodic reporting and 2 schemes for periodic reporting, which seems to provide a good balance. There seems to be no strong reason can be provided to support 2 UE-selected periodic sub-band reporting. 
3. View on combination of periodic reports
In relation to the proposed conclusion 4, the combination of frequency-selective periodic CQI reporting (both on PUSCH and PUCCH) with a wideband CQI reporting may be beneficial. The periodicity parameters for the wideband CQI reporting can be separately configured. The suggested combinations are given in Table 1. 
· For periodic CQI frequency-selective reporting on PUSCH, the companion wideband CQI reporting is redundant and hence optional. This is because wideband CQI is already available in the PUSCH-based reporting format. It is useful to offer extra protection in case the PUSCH-based CQI reporting is not reliable. 

· On the other hand, a periodic (UE-selected) frequency-selective CQI reporting on PUCCH should always be accompanied with a wideband CQI reporting. This is important since the wideband CQI is not included in the UE-selected reporting format and avoids the loss of performance when the UE is scheduled outside the selected sub-bands.
Table 1. Allowable CQI reporting combinations: the red shaded portion indicates symmetry

	Combination
	Periodic PUSCH
	Periodic PUCCH
	None

	
	eNB configured
	UE selected
	Wideband
	Freq selective
	

	Periodic PUSCH
	eNB configured
	
	n/a
	Supported
	n/a
	Supported

	
	UE selected
	
	
	Supported
	n/a
	Supported

	Periodic PUCCH
	Wideband
	
	
	
	Supported
	Supported

	
	Freq selective
	
	
	
	
	n/a


Note that all the supported combinations can be accompanied or superseded by the aperiodic (triggered) PUSCH-based reporting.
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