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1 Introduction

One aspect of the UL control signalling for LTE is the CQI reporting. It will be necessary to agree on the CQI reporting mechanisms to be supported. 

This contribution is based on the common ground between proposals submitted to previous RAN1 meetings in [1] and [2]. In this contribution, we consider the occasions when reporting of CQI by the UE is useful, and propose conclusions on suitable control mechanisms. 

2 Discussion of need for CQI reporting

The scheduling of CQI reports involves a trade-off between uplink signalling overhead (which should be minimised) and the efficiency of downlink scheduling and AMC. More frequent CQI reports should in general improve the downlink efficiency, but at the cost of higher uplink signalling load. Consequently, it is beneficial to provide CQI reports only when they are useful. 

In general, a CQI report  is useful when:

· a packet is about to be transmitted on the downlink, or

· the Node B is performing multi-user scheduling. 

CQI reporting needs to be configurable to support both periodic and non-periodic data transmission. We consider each case in turn. 

2.1 Periodic data transmission

Downlink data transmission may be periodic (with “persistent scheduling”, e.g. for VoIP). 

With periodic data transmission, it is useful to be able to schedule periodic CQI reports such that a report is transmitted shortly before each data transmission. In addition, CQI reports may be useful at the same time as “NACK” so that a suitable transmission level and code rate can be selected for retransmissions. 

2.2 Non-periodic data transmission

For non-periodic data transmission, it is more difficult to ensure that a CQI report is available before each data transmission (although availability of CQI for retransmissions can still be ensured by sending a CQI report at the same time as a “NACK”). Mechanisms that could be considered include:

a) Configuring periodic CQI reporting for a given time duration.

Parameters could consist of the frequency of reporting and the time duration for which the periodic reporting is to take place. 
Special cases of this (configured by signalling appropriate parameter values) include:

i. Periodic reporting until further notice (i.e. time duration = infinity)

ii. Allowing the Node B to request an individual CQI report (by setting a short time duration).

Note that periodic CQI reporting provides more up-to-date CQI information the shorter the period, but at the expense of typically high signalling overhead. It therefore seems necessary to provide additional mechanisms for CQI reporting as an alternative to periodic reporting, such as event-driven CQI reporting. 


b) Event-driven CQI reporting

This would involve configuring the UE to transmit CQI reports in response to a stimulus (e.g. a change in downlink channel conditions, a received data packet, a received data packet with erroneous CRC). 

This could have the advantage that CQI reports are not transmitted when they are not needed (e.g. because the channel conditions have not changed, or because there is no downlink data transmission).


c) Combination of Periodic Reporting and Event-driven CQI reporting

It may be appropriate to combine event-driven CQI reporting with periodic CQI reporting. For example, if a periodic reporting pattern is configured, the UE could:

i. Omit a CQI report if channel conditions (including interference) have not changed (more than a certain amount) for a certain period of time. For the sake of simplicity, the period of time could be static (e.g. 1 or 2 CQI reporting intervals). 

ii. Omit CQI reports if the CQI would be below a threshold level (similar to the “out-of-range” reporting for HSDPA, but with lower overhead). 

3 Uplink Resource Allocation for CQI Reporting

If the UE is configured with a periodic CQI reporting pattern, the UE should be given a corresponding periodic uplink resource grant in which to transmit the CQI reports. 

If the UE is configured with event-driven CQI reporting (either instead of or simultaneously with being configured for periodic CQI reporting), the UE would need to obtain resources in which to transmit the report. This could be achieved by:

· using contention-based access, or

· piggy-backing CQI reports onto other uplink messages (when available), or

· giving the UE a periodic resource-grant, so that the UE has resources available to transmit event-driven CQI reports within a suitable time-delay, or

· if the stimulus for the event-driven CQI reporting is the UE sending “ACK” in response to a received packet, resource could be automatically allocated for the transmission of a CQI report after a certain delay after sending the “ACK”. This delay could, for example, correspond to the average gap between downlink data packets.

Of these possibilities, the use of a periodic resource-grant for event-driven CQI reporting may be wasteful of resources, preventing those resources from being assigned to other users for data transmission, and therefore does not seem to be an attractive option. 

The possibility to use contention-based access for transmission of UE-initiated CQI reports seems to be important, in order to avoid reserving unnecessary resources. The number of bits for a CQI report is likely to be similar to the number of bits for a scheduling request (as fundamentally they are indicating the same type of information). Therefore it should be possible to send a contention-based CQI report in the same way as a scheduling request, without first sending a scheduling request to be granted resources to send the CQI report. 

Depending on the final design of the RACH, this could comprise:

· a preamble including the CQI report, with no subsequent message part, or 

· a preamble, followed by receiving a scheduling grant to allow the UE to send a message part (on the SCH) containing the CQI report. 

If the UE was configured with a periodic CQI reporting pattern and corresponding uplink resources, the resources could be de-allocated automatically if the UE ceased to transmit regular CQI reports (e.g. due to the CQI value not changing). The next periodic CQI report (when the CQI value has changed again, or after a timer expires) could be transmitted using contention-based access (i.e. RACH), and this could also be the trigger for restoring the periodic uplink resource allocation. 

4 Conclusions

Out of the CQI configuration options discussed above, the following subset would appear to be potentially useful for E-UTRA. We propose:

(1) Periodic CQI reporting:

a. The periodic pattern could be parameterised (e.g. with a reporting frequency and duration). A special case is the possibility for the Node B to request a single CQI report. 

b. When used in conjunction with persistent scheduling of downlink data transmission, a CQI report is scheduled shortly before each downlink packet;

c. Periodic CQI reports could be omitted if downlink conditions have not changed for a certain period of time, or if the downlink channel quality is below a threshold. 

(2) Event-driven CQI reporting, where the stimulus may be:

a. a change in downlink channel conditions

b. transmission of “NACK” and/or “ACK” on reception of a downlink packet, with the CQI report being sent after a possibly-configurable delay. 

In view of these methods of CQI reporting, we propose that uplink resource provision for CQI reporting should be able to be configured as follows:

(3) Periodic resource allocation only for periodic CQI reporting, possibly with the periodic allocation ceasing if the UE ceases to send CQI reports (e.g. due to the CQI value not changing).

(4) Piggy-backing onto other uplink data transmissions when available. 

(5) Contention-based access (i.e. RACH) for other cases. 
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