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1 Introduction

RAN1 has specified the so-called aperiodic “CQI-only” report, where a UE is explicitly told not to multiplex data and CQI information, i.e. no transmission on the UL-SCH. This contribution discusses the impacts of “CQI-only” reports to the UL HARQ protocol. Furthermore it addresses the question on how to capture the protocol behaviour in the specifications. 

2 Treatment of PDCCH parameters for CQI-only

Since CQI-only reports are a pure L1 procedure and functionality, their transmission should not and according to current specification can not be visible to higher layers, particularly not to MAC. Consequently when a CQI-only request is received by the UE, it must act as if having received no PDCCH grant for UL transmission for matters of the HARQ process / protocol. In other words, the parameters like TBS, NDI
, RV as indicated by the PDCCH requesting the CQI-only are not processed for the HARQ procedure and are not given to the higher layers by the UE.

As the CQI-only transmission is an L1 procedure that is not visible to higher layers, it is preferable to treat this behaviour exclusively and exhaustively within the RAN1 specification 36.213. A companion contribution [1] discusses the L1 procedure of handling the PDCCH parameters at the UE in case the PDCCH assigns a PUSCH transmission. Therefore, the final CR should include also the handling for CQI-only.

3 Effect of “CQI-only” report on UL HARQ protocol

When the eNB requests a “CQI-only” report, there must be no data transmission, i.e. no MAC PDU, on the PUSCH. Therefore the effect on the UL HARQ protocol for pending transmissions needs to be clarified. For increased flexibility of the CQI-only report usage in the system, we would like to be able to trigger a CQI-only report not only in case of an empty HARQ process Tx buffer, but also in case that the HARQ buffer of an HARQ process is non-empty, i.e. a MAC PDU is pending for transmission at the UE, and the UE receives a PHICH for that HARQ process at the same time. Upon reception of the PHICH, the UE is generally unaware whether such a pending MAC PDU actually needs to be used for transmission.A straightforward behaviour is that the UE enters a suspension state with respect to HARQ, i.e. the transmit buffer is not flushed, from which it will be awakened by the next non “CQI-only” PDCCH grant for the same HARQ process. This PDCCH grant either resumes the retransmissions or initiates new transmissions, according to the standardized procedure for the NDI field. This behaviour is sketched in figure 1.
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Figure 1: UL HARQ behaviour with "CQI-only" reports
3.1 Treatment of PHICH in CQI-only

Even if PDCCH parameters are not given to higher layers, the HARQ protocol requires that the physical layer in the UE gives an ACK/NACK to MAC if there was a transmission in the preceding transmission opportunity within a HARQ process. Since the eNB transmits this signal on the PHICH, it needs to be considered how this signal should be processed. In the following we will describe two possible UE procedures for handling the PHICH which is transmitted in parallel to a CQI-only grant on PDCCH.

It should be kept in mind that the trigger for the UE to flush its transmit buffer is actually not an ACK signal, but a PDCCH grant for an uplink transmission within the same HARQ process with a toggled NDI bit.

3.1.1 Delivering ACK to MAC

In order to assure the above proposed UL HARQ protocol behaviour for the case that a “CQI-only” report request is received at the same time as a PHICH, the physical layer should deliver an ACK to MAC layer regardless of the received PHICH content. The as-specified UL HARQ protocol at the UE would then behave as intended, i.e. it would keep the data in its HARQ transmit buffer and send DTX on UL-SCH. With this approach no changes to the MAC specification would be required. The corresponding behaviour is outlined in figure 2.
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Figure 2: Delivering ACK to MAC ignoring PHICH content

3.1.2 Delivering PHICH content to MAC

The proposed UE behaviour could be achieved under the assumption that the grant for “CQI-only” reports is not visible to the MAC layer in yet another way. In case the eNB sends an ACK on PHICH 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 the UE would act accordingly as described above. However, HARQ feedback errors would lead to a layer conflict inside the UE. The corresponding behaviour is outlined in figure 3. 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 try to transmit a “CQI-only” report. This error case can be easily avoided by mandating that L1 always delivers an ACK to the MAC layer as shown in section 3.1.1.
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Figure 3: Outline of unclear behaviour when delivering PHICH content to MAC

4 Conclusion 

This contribution discusses the effects of  “CQI-only” reports on the UL HARQ protocol and the corresponding UE L1 behaviour. Since the “CQI-only” report is an L1-internal procedure, its method and handling should be described exhaustively and exclusively in the L1 TS 36.213. We propose to agree on the following item:

· The UE physical layer does not inform the MAC layer about the reception of a PDCCH requesting a “CQI-only” transmission. The UE does not process the NDI of such a PDCCH.
Furthermore, we think RAN1 should agree on either of the following two items:

· When the UE MAC layer expects ACK/NACK for an earlier transmission of the same HARQ process, the UE physical layer reports ACK if a PDCCH requesting a CQI-only is received; or
· When the UE MAC layer expects ACK/NACK for an earlier transmission of the same HARQ process, the UE physical layer reports the content of the received PHICH if a PDCCH requesting a CQI-only is received.
If RAN1 agrees on any of the above proposals, they should be captured in a CR to TS 36.213. Additionally, we feel that a corresponding LS should be sent to RAN2 for information.
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�As the CQI-only grant does not pertain to an actual transport block transmission, the NDI in the CQI-only grant should be ignored by the UE.
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