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1 Introduction
RAN plenary has agreed a study on how to enable that a UE is configured with SCells in unlicensed bands shall be carried out in the RAN groups, i.e. so called Licenced Assisted Access (LAA). RAN2’s task is to [1]:

1) Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
In this document we look in to the UL HARQ procedure assuming the existing framework. However, RAN1 has suggested supporting asynchronous UL HARQ and we therefore discuss the asynchronous UL HARQ scenario in [2], especially focusing on specification impacts.
2 HARQ overview

In uplink the HARQ timing is currently synchronous meaning that the timing between the UL transmissions and the HARQ feedback in downlink as well as the timing between the HARQ feedback and retransmissions is fixed and in FDD it is fixed to be 4 ms which leads to an 8 ms HARQ round trip time (RTT).

When the UE receives a PDCCH with an UL grant for new transmission (e.g. with NDI = 1 and RVI = 0) the UE will perform the PUSCH transmission 4 ms later. If the data was not correctly decoded by the network, the network will respond with a NACK in case the network want the UE to perform the retransmission with another redundancy version, or sending another PDCCH grant for adaptive retransmission in case of DTX, and the UE will perform a retransmission 4 ms later. If the data was correctly decoded after the retransmission the network will respond with an ACK and may send a PDCCH with an UL grant with toggled NDI to trigger the UE to send the next data.
An example is shown in Figure 1 below. It is shown how the UE receives an initial grant at subframe 0 and performs an initial transmission in subframe 4. Unfortunately this transmission is lost (e.g. due to poor channel conditions) and hence the UE will receive a NACK or PDCCH with an UL grant order in subframe 8 and perform a re-transmission in subframe 12 which is successfully decoded by the eNB and hence the UE receives an ACK in subframe 16.
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Below we look in to how this process would work in case of LAA.
3 HARQ in LAA
On an LAA carrier the transmitter (UE or eNB) will only be allowed to transmit if it has done Listen-Before-Talk (LBT) shortly before the transmission and identified the channel as free. For the UL HARQ mechanism there are therefore four messages and these may be dropped/stopped at due to a busy channel;
· initial grant is stopped at the eNB

· the initial transmission is stopped at the UE

· the HARQ feedback is stopped at the eNB

· retransmissions are stopped at the UE.

Below we look in to what happens in LAA in case the above transmissions would happen to be dropped/stopped.
3.1 Initial grant is stopped at the eNB

If the initial grant is dropped due to a busy channel the eNB would of course know whether it was dropped or not. If the transmission was dropped it knows that the UE never received the grant and the eNB can then try at a later time to send the initial grant.
Observation 1 The current UL HARQ behaviour works even if the initial grant is dropped by the eNB.
3.2 Initial transmission is stopped at the UE
When the UE receives an initial grant from the eNB, the PHY layer in the UE will request the MAC layer to provide a MAC PDU of with a size fitting in to the grant. The MAC layer will in its turn request the RLC layer to provide an RLC PDU which will fit in the MAC PDU (the RLC PDU size is the MAC PDU size minus headers and MAC CEs). The RLC layer will then take payload data from the top of the buffer to construct the RLC PDU and provide it to the MAC layer which constructs the MAC PDU and provides this to PHY which performs the transmission. Then if the UE has an UL grant valid for a following TTI, the UE will repeat the procedure and ending up constructing a MAC PDU with the payload data from the top of the buffer (the top has now moved since the UE already took data from the buffer for the first grant).

In LAA, the UE may need to drop the initial transmission due to LBT (as with any transmission for that matter). The question is then if the UE should consider that is has performed the transmission when it has dropped the (i.e. and assign the data to the HARQ buffer) or consider that it has not performed the transmission (i.e. and not assign the data to the HARQ buffer)?

It is shown in the figure what would happen if the UE considers that it has performed a transmission if it has dropped a transmission. So first the UE will get a grant in subframe n and prepare an UL transmission to be sent in subframe n+4. If the channel happens to be busy in n+4 the UE needs to drop the transmission and can at earliest resend the data one HARQ RTT later, i.e. n+12.
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So, in LAA the data transmissions will be delayed, but the eNB would also receive the data in the wrong order.[image: image8.png]«
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 Consider the simplified example shown in Figure 4 where the UE gets one grant valid in TTI 5 one grant valid in TTI 6. The UE may drop the transmission in TTI 5 while succeed to transmit in TTI 6. This would result in that the eNB would in TTI 6 receive Payload 2 (from somewhere from the middle of the buffer) while the Payload 1 (from the top of the buffer) would reach at earliest in TTI 13. And at the eNB, Payload 2 would need to await the delayed Payload 1 to be forwarded to the higher layers.

To the left in the figure it is shown the state in the eNB at TTI 6, i.e. that the eNB is awaiting Payload 1 while it has already received Payload 2. This would result in some unnecessary delay with reduced user experience as a result.
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Figure 4: Reception of payload in wrong order which creates delay in LAA

What is wanted in the above example is instead that the eNB gets Payload 1 before Payload 2, i.e. like first transmission was never even attempted.

Furthermore, if the eNB does not receive the transmission in TTI 5 it would not know whether the UE has dropped the transmission or whether the UE didn’t hear the UL grant in TTI 1. Therefore the eNB will not know whether the UE has started the counting of CURRENT_TX_NB so the eNB and the UE would not be in-synch with regards to this counter.
Proposal 1 The UE should not consider a dropped initial transmission as a transmission and should not allocate the data to the HARQ buffer.

3.3 HARQ feedback is stopped at the eNB
As also the eNB may need to drop transmissions due to a busy channel, the HARQ feedback to the UE may be dropped. An example is shown in Figure 5 below. The question is then what the UE shall do in case the UE does not receive any HARQ feedback for a transmission on an LAA-carrier; should it consider that an ACK or a NACK has been received?
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If the UE considers that it has received a NACK in case of absence of HARQ feedback then the UE will perform a retransmission using the same resources as the previous transmission. But that the UE performs a retransmission is not suitable as the network may need to assign the resources to another UE. Therefore it is important that the UE assumes ACK in case of absence of HARQ feedback as this will ensure that the UE does not autonomously perform a subsequent retransmission.
Of course, if the network was forced to drop a NACK/PDCCH with an UL grant, the eNB can resume the HARQ process later by resending the NACK/PDCCH with an UL grant. Or if the network was forced to drop an ACK then the eNB can later resend the ACK and possibly a PDCCH with a new UL grant in order to initiate a new transmission.

It should be noted that if asynchronous UL HARQ is applied then there may not be any PHICH and adaptive and the concept of absence of HARQ feedback is not applicable. We discuss the asynchronous UL HARQ scenario in more detail in [2].
Proposal 2 If PHICH is used to send HARQ feedback, the UE shall consider absence of PHICH as ACK.

3.4 Retransmission is stopped at by the UE
In case a retransmission needs to be dropped/stopped due to a busy channel the eNB would of course not detect any retransmission and could then respond by sending a HARQ NACK or an adaptive retransmission grant in PDCCH. The UE would then, one HARQ RTT later, perform a retransmission.

We assume that as a baseline this approach would work also on LAA carriers. However note that if asynchronous UL HARQ is applied the retransmission can be done earlier.
Observation 2 The current UL HARQ behaviour works even if a retransmission is stopped by the UE however if asynchronous HARQ is used the retransmission can be done earlier.
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Figure 6: Stopping of retransmission by UE
4 Conclusion

Based on the discussion in section 3 we propose the following:
Proposal 1
The UE should not consider a dropped initial transmission as a transmission and should not allocate the data to the HARQ buffer.
Proposal 2
If PHICH is used to send HARQ feedback, the UE shall consider absence of PHICH as ACK.
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Figure � SEQ Figure \* ARABIC �1�: Example HARQ process.





Figure � SEQ Figure \* ARABIC �2�: Stopping of an initial transmission in LAA





Figure � SEQ Figure \* ARABIC �4�: Dropped initial transmission.





Figure � SEQ Figure \* ARABIC �5�: Stopping of HARQ feedback
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