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1. Overall Description

RAN1 thanks RAN2 for their questions on CQI feedback for LTE, and provides the following answers:

Q1: What different CQI reporting modes are foreseen to be needed? 
The time and frequency resources that can be used by the UE to report CQI are under the control of the eNB. Periodic reporting is the baseline configuration; trigger-based CQI reporting is FFS – see answer to question 4. 

Different types of CQI reports are required to support efficient use of different downlink transmission modes, where each type may comprise a different number of bits. For scheduling of both localised and distributed transmissions (in the frequency domain), CQI needs to be configurable to refer either to the whole cell bandwidth or to some frequency-specific sub-bands. For MIMO operation, the CQI will include additional information. RAN1 therefore envisages the following types of CQI reports:

· “Wideband” type of CQI report (providing information relating to the whole downlink bandwidth)

· “Multi-band” type of CQI report (providing information relating to some downlink sub-bands)

· CQI report types for applicable MIMO schemes.

The combination of the above types of CQI reporting is FFS – for example, different CQI types could be sent at the same reporting instant, or different types could be sent at alternate reporting instants. 

Q3: Which channel(s) are to be used to transport CQI reports?  

When the UE is not allocated PUSCH resources in the subframe in which a CQI report is to be sent, the CQI reports are sent on the PUCCH which is sent on the reserved region on the edge of the system band.
When the UE is allocated PUSCH resources in the subframe in which a CQI report is to be sent, the CQI report is transmitted together with uplink data on the PUSCH.

 Q2: What is the required size of the CQI reports for the various modes? 
The exact message sizes are FFS in RAN1. 

When CQI is sent on the PUCCH, the maximum number of CQI bits will match the transmission structure of the PUCCH. If QPSK with ½ rate coding is used, this corresponds to 10 information bits per UE per subframe; however, the actual modulation and coding scheme(s) is FFS, and the final number(s) of information bits will be set accordingly. 

When CQI is sent with UL data on the PUSCH, more bits can be used for CQI. 

RAN1 is considering the possibility to use more than one subframe in time. 

Q4: When and how often would CQI reports typically be sent? i.e. Would the reporting be periodic? If, so what would be typical period length(s)?.
The baseline configuration is periodic reporting. A range of period lengths should be able to be configured by the eNodeB; the set of useful values for each type of CQI report is FFS in RAN1. 

The possibility of linking the configuration of a periodic CQI reporting pattern to a downlink persistent scheduling pattern or a UE DRX/DTX cycle configuration should be considered. Some possible examples are as follows:

· the period of the CQI reporting pattern could be the same as (or a multiple of) the period of the downlink persistent scheduling pattern, or a DRX/DTX cycle;

· the periodic CQI reporting could be configured so that the CQI reports occur at a suitable time just before a persistently-scheduled DL packet, so the CQI report is useful in selecting the MCS for the packet.

If an uplink persistent scheduling pattern is configured, the periodic CQI reporting could be configured so that the CQI reports are aligned with the uplink persistent scheduling pattern (so the CQI can be sent with the UL data).

In addition, the possibility for trigger-based CQI reporting is FFS in RAN1 – for example, configuring CQI reports in response to some or all downlink packets. 

If trigger-based reporting is supported, RAN1 currently envisages that a UE may be configured to use periodic reporting only, or trigger-based CQI reporting only, or a combination of periodic and trigger-based reporting. 

Q5: When and how often would CQI reporting typically need to be reconfigured: i.e. CQI reporting mode, CQI reporting periodicity, the channel used for CQI reporting etc?

RAN1 expects that the basic CQI reporting modes will be controlled by the eNodeB and configured by higher-layer signaling.  The basic reporting mode is expected to stay the same over the course of e.g. hundreds of milliseconds to limit signalling overhead. (However, it is FFS whether some L1 control may also be useful in some cases, for example to enable more frequent changes of the information reported for applicable MIMO schemes.)  

Ultimately the triggers that reconfigure the reporting format may be outside the scope of the specifications, since it is changed at the discretion of the eNodeB.  However, some examples of when the CQI reporting format may usefully be changed are as follows:

· on changing MIMO mode 

· on (de)allocation of a persistent schedule
· if the cell load goes up/down

· when DRX/DTX cycle changes in length

· when estimated UE speed changes

Q6: What would be the impact of inconsistent configuration, i.e. if a UE misses a reconfiguration command?

The CQI feedback mode will be under the control of the eNB. In the event of the UE missing a reconfiguration command, the Node B would be expecting either:

· CQI reports at different times from when the UE was sending them, or

· different types of CQI reports from the ones the UE was sending. 

In most cases, the result would be some loss of downlink throughput. However, the eNodeB should be able to detect the inconsistent configuration in a reasonable timeframe and send a further reconfiguration command. 

(Note also that, in common with other uplink transmissions, interference may be caused if a UE transmits CQI in UL resources that are scheduled for another UE.)

2. Actions:

RAN1 kindly asks RAN2 to take the above information into account. 
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