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1 Introduction

In addition to aperiodic CQI reports, where the CQI information is multiplexed with higher layer data, i.e. MAC PDU, RAN1 also introduced the so-called aperiodic “CQI-only” reports, where only physical layer signalling is involved, i.e. no transmission on UL-SCH. This contribution discusses the impacts of “CQI-only” reports to the UL HARQ protocol. Furthermore it adresses the question on how to capture the protocol behaviour in the specifications.  

2 Discussion

2.1 CQI reporting

There are two different types of CQI reports with respect to the timing of the reports, periodic CQI reports and  aperiodic CQI reports. An aperiodic CQI report is configured by RRC signalling, i.e. format and message size, but triggered by the “CQI request” bit on the PDCCH (uplink assignment), i.e. by a L1/L2 control signal, whereas periodic CQI reports are configured and “triggered” by RRC signalling. The CQI information of an aperiodic CQI report is generally multiplexed with higher layer data, i.e. MAC PDU. The multiplexing is done on the physical layer, i.e. by means of rate matching. For a special type of the aperiodic CQI report, the so-called  “aperiodic CQI-only” report, there is no multiplexing of the CQI report with higher layer data allowed; for the other aperiodic CQI reports, such multiplexing is mandatory. Consequently “CQI-only” report means that there is no UL-SCH transmission but only physical layer signalling on the PUSCH [1].
One of the motivation for introducing an aperiodic “CQI-only” report in RAN1 is, to give eNB more control on the MCS used for the CQI information in case of “CQI-only” reports, which in turn allows for a more robust transmission from a UE in poor radio conditions. In case the CQI needs to be  multiplexed with higher layer data, the coding rate of the CQI information depends on the MCS used for the TB. Furthermore a “CQI-only” report gives the eNB the possibility for requesting CQI information from a UE even though the UE’s transmission buffer is empty. This avoids the need to send only padding bits together with the CQI information, which would be required with a non-“CQI-only” report.  

2.2 Impact of “CQI-only” report to UL HARQ protocol

As mentioned above, when eNB requests a “CQI-only” report, there will be no data transmission, i.e. MAC PDU, on the PUSCH. Therefore the impact to the UL HARQ protocol needs to be clarified. In particular there might be the case that the HARQ buffer of an HARQ process is non-empty, i.e. MAC PDU is pending for retransmission, and the UE receives a PDCCH for this HARQ process trigerring a “CQI-only” report. As this scenario may occur from time to time, the HARQ protocol behaviour needs to be clarified, since UE is not allowed to perform a retransmission at the next occurrence of the HARQ process. A “CQI only” report will essentially prohibit any data (re)transmission on the corresponding HARQ process, which means that the UE is basically in a “suspension state” from HARQ protocol point of view. 
Therefore a straightforward UE behaviour would be, that when receiving a “CQI-only” request for an HARQ process, on which a uplink transmission has been previously taken place on, i.e. HARQ buffer is non-empty, the UE behaves as having received an ACK-only, i.e. no PDCCH received. Consequently the UE will not transmit anything on the UL-SCH, i.e. DTX, and keep the current HARQ buffer. A PDCCH at the next occurrence of the HARQ process is then required to perform a further retransmission or trigger an initial transmission, i.e. a non-adaptive retransmission cannot follow. An exemplary scenario illustrating the proposed UL HARQ behaviour is shown in figure 1.
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Figure 1: UL HARQ behaviour for "CQI-only" reports
Proposal 1: The UE acts as having received an ACK-only when an aperiodic “CQI-only” report is requested by eNB for an HARQ process, whose corresponding HARQ buffer is non-empty.

Although usually the HARQ protocol aspects are captured in TS36.321, we would like to avoid any additional complexity in the MAC specification which would be required for the description of above proposed HARQ protocol behaviour. In the same way as MAC layer is currently not aware of any aperiodic CQI reports, we would prefer if also “CQI-only” reports are transparent to MAC,  i.e. they should be solely handled at physical layer. Essentially the physical layer wouldn’t report the reception of an uplink assignment to MAC layer, upon having received  a PDCCH requesting a “CQI-only” report. Furthermore in order to assure the above proposed UL HARQ protocol behaviour for the case that a “CQI-only” reports coincides with a HARQ retransmission, the physical layer should deliver an ACK to MAC layer regardless of the received PHICH content. The UE would then according to the specified UL HARQ protocol behave as intended, i.e. keep the data in HARQ buffer and DTX on UL-SCH. With this approach no changes to the MAC specification would be required.

One might argue, that the proposed UE behaviour can be already achieved today under the assumption that “CQI-only” reporting is transparant to the MAC layer. In case eNB sends an ACK together with a PDCCH requesting  a “CQI-only” report, L1 would only report the PHICH content, i.e. ACK, to the MAC layer and consequently UE would act accordingly. However HARQ feedback errors, i.e. ACK to NACK errors, would lead to a layer conflict in the UE. In such a case, when an erroneously detected NACK is delivered  to the MAC layer, there would be a non-adaptive retransmission according to the HARQ protocol defined in TS36.321, whereas the physical layer would transmit a “CQI-only” report. This error case can be easily avoided by mandating that L1 always delivers an ACK to the MAC layer in case a PDCCH requesting a “CQI-only” transmission is received for an HARQ process, where an uplink transmission has been previously taken place on, regardless of the received PHICH content.  

Proposal 2: Physical layer doesn’t inform MAC layer about reception of an PDCCH requesting a “CQI-only” transmission.

Proposal 3:  Physical layer delivers ACK to MAC layer in case a PDCCH requesting a “CQI-only” transmission is received for an HARQ process, where an uplink transmission has been previously taken place on, i.e. HARQ buffer is non-empty.  

3 Conclusion 

This contributions discusses the impact of  “CQI-only” reports to the UL HARQ protocol. It’s proposed to agree on the following  proposals:

· Proposal 1: The UE acts as having received an ACK only when a aperiodic “CQI-only” report is requested by eNB for an HARQ process, whose corresponding HARQ buffer is non-empty.
· Proposal 2: Physical layer doesn’t inform MAC layer about reception of an PDCCH requesting a “CQI-only” transmission.
· Proposal 3:  Physical layer delivers ACK to MAC layer in case a PDCCH requesting a “CQI-only” transmission is received for an HARQ process, where an uplink transmission has been previously taken place on, i.e. HARQ buffer is non-empty.
If RAN2 agrees on above proposals, RAN1 should be informed on the agreements.
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