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1. Introduction
In RAN#65, a proposal for licensed-assisted access (LAA) using LTE was approved as a Rel-13 study item led by RAN1 [1]. 
Regarding UL operation on the LAA SCell, RAN1 has made the following agreements during its last meeting:
Agreements:
· Recommend to support asynchronous UL HARQ for UL LAA operation
· Rapporteur shall capture the above agreement in TR
In this contribution, we analyse further the UL HARQ operation in LAA SCells.

2. Discussion
2.1. Overview of existing UL HARQ operation
The UL HARQ operation can be summarized as follows:

· There is one independent HARQ entity per serving cell (carrier)

· Each HARQ entity manages several SAW HARQ processes
· Time between UL grant and PUSCH transmission is fixed

· Time between PUSCH transmission and HARQ feedback on PHICH or possible retransmission UL grant is fixed (synchronous UL HARQ operation)

· Retransmissions are either adaptive (radio resources can be reconfigured, UL grant needed) or non-adaptive (same radio resources are used, no UL grant needed)
The steps in order to transmit a transport block (MAC PDU) on a given carrier are (FDD timings):
1. At subframe n: reception of the initial UL grant

· The UL grant with associated HARQ information (RV, NDI) is processed by the carrier HARQ entity, and routed to the relevant HARQ process. The HARQ process ID is implicitly derived from the subframe used, hence is not signaled (synchronous operation)
· MAC PDU is generated

2. At previous step subframe + 4: initial transmission (RV=0)
3. At previous step subframe + 4: reception of either
· An UL grant: this triggers either a new transmission (toggled NDI) or an adaptive retransmission (non-toggled NDI)
· ACK/NACK status on PHICH. This is disregarded if an UL grant is received. Otherwise, a NACK triggers a non-adaptive retransmission, while a ACK stops non-adaptive retransmission (but HARQ buffer is not flushed in case a later retransmission is needed) 
4. At previous step subframe + 4: first retransmission (in case it is requested by step3) (RV = 2)
5. At previous step subframe + 4: similar as step 3, etc.

In TDD, the timings are modified, depending of the UL/DL configuration used. 

2.2. Possible impacts of LAA operation
As uplink transmission are scheduled by the eNB, UL operation on a LAA SCell requires both the eNB and the UE to comply with regulatory requirements such as LBT and maximum channel occupancy time, to transmit DL signaling and UL data respectively. Regarding UE transmissions, the maximum channel occupancy time may be enforced from eNB scheduling. However, this is not the case for LBT. It is expected that the UE will need to perform a CCA procedure before starting transmitting.

There are very tight constraints between assessing that the channel is available through CCA and starting of the actual transmission, since otherwise another device might grab the channel and transmit, resulting in a collision. Consequently, it is our understanding that the transmission would need to be prepared beforehand, the CCA being performed just before the expected starting of the transmission and acting as a gating. A CCA success would allow the transmission to take place, while a CCA failure would just drop the transmission.
The main impacts of LAA requirements on the UL HARQ operation are detailed below.
Issue 1: the initial UL grant may be delayed (due to eNB CCA failure or maximum occupancy time reached)
This has no further impact on the procedure and is transparent for the UE. Note that this can be mitigated by the eNB by using cross-carrier scheduling.

Observation 1: The transmission of the initial UL grant may be deferred by the eNB without further impact excepting additional delay. Cross-carrier scheduling can be used to avoid this delay.
Issue 2: the initial transmission and/or the retransmissions may not take place (due to UE CCA failure)

An immediate consequence is that due to synchronous HARQ operation, the MAC PDU (re)transmission can only take place at the earliest one RTT later. Depending on the existing load on the LAA carrier, this would result in a potentially serious degradation of the HARQ performance. 
Observation 2: In case of UE CCA failures preventing a MAC PDU transmission or retransmission(s), the overall HARQ delay is increased by one or several HARQ RTT.

Moreover, if MAC is not aware that the physical layer is dropping the transmission, the RV index will be incremented, and the receiver may be missing systematic bits if a non-adaptive retransmission is triggered next (particularly for the initial transmission).
Observation 3: In case of UE CCA failure preventing a MAC PDU transmission, if MAC is not aware, the RV index will be incremented which would impact further non-adaptive retransmissions.

We note that this case is somehow similar to the existing use case where PUSCH cannot be transmitted due to the occurrence of a measurement gap. The main difference is that the eNB could be aware that a PUSCH transmission was dropped because of a measurement gap – however this may not be implemented, otherwise the UL grant would not have been sent in the first place. 
In current MAC specification, when PUSCH cannot be transmitted due to the occurrence of a measurement gap:

· MAC does not request the physical layer to transmit

· RV index is not incremented

· The HARQ feedback is not received – hence not updated. 
This enables to trigger a non-adaptive retransmission (if no UL grant is sent). The same behavior would be expected if PUSCH is dropped due to a CCA failure. 
Proposal 1: If non-adaptive transmissions are assumed, MAC should be aware if PUSCH transmission was dropped due to CCA failure.
Issue 3: the PHICH or the UL grant for adaptive retransmission may not be transmitted (due to eNB CCA failure or maximum occupancy time reached)
Due to synchronous HARQ operation, the next occasion for the eNB to send a PHICH or an UL grant for adaptive retransmission will only be one RTT later.
Observation 4: In case of eNB CCA failure (or maximum occupancy time reached) preventing PHICH/UL grant transmission, due to synchronous HARQ operation, the next occasion for eNB to send a PHICH or an UL grant for adaptive retransmission is one HARQ  RTT later.

Moreover, the UE is not aware that the eNB could not send the PHICH/possible UL grant. It is not clear if it can reliably assess whether the PHICH could be transmitted or not without degrading the PHICH decoding performance (i.e., DTX detection in addition to ACK or NACK). This could be assumed especially in that case, since the whole OFDM symbol(s) would have been erased (RS not transmitted as well for instance). If this can be done, it can be discussed whether it is better to assume ACK or NACK.

· If ACK feedback is assumed (similarly to the case of no PHICH reception due to a measurement gap), the UE will not perform a non-adaptive retransmission. However, if a retransmission was required, it will delay HARQ by one additional RTT delay, increasing the issue from observation 1.

· If NACK feedback is assumed, the UE will perform a non-adaptive retransmission. If no retransmission was required, this will result in useless transmission from the UE (increased current drain). However, we can note that even if not desired, it would not collide with another UE transmission (contrary to ACK(NACK errors), since other UEs in the cell would also not have received an UL grant and may also just trigger a non-adaptive retransmission.
Proposal 2: If non-adaptive transmissions are assumed, RAN2 should discuss whether an erased PHICH due to eNB CCA failure can be detected, and whether ACK or NACK should be assumed in that case.
2.3. Asynchronous UL HARQ
During its last meeting, RAN1 has recommended to support asynchronous UL HARQ for UL operation on the LAA SCell. In the following we consider how this can be done and what would be the impact on MAC.
Signaling of HARQ process ID

Asynchronous HARQ operation can be achieved by signaling the HARQ process ID to the UE, or other information which could be used to derive the HARQ process ID. There are 2 types of signaling related to HARQ: HARQ feedback (on PHICH), and UL grant/HARQ information (RV) (on PDCCH).

The PHICH is a highly optimized physical channel dedicated to carry only 1 information bit (ACK or NACK status) for each PUSCH transmission from a given base RB occurring x TTIs earlier, with a very robust channel encoding. It does not seem realistic to extend it to support asynchronous signaling.
On PDCCH, DCI formats 0/4 are used to schedule the UL grant and convey the associated HARQ information. Similarly to HARQ DL operation, the HARQ process ID could be added to the conveyed HARQ information. This would likely require a new DCI format and would be under RAN1 responsibility. This adds signaling overhead which need to be compared with the benefit.

Proposal 3: Asynchronous UL HARQ is studied based on HARQ process ID signaling in scheduling UL grant.
Benefits

The signaling of the HARQ process ID gives flexibility to the eNB MAC entity to schedule the retransmissions and partially mitigates issue 3. Indeed, the retransmission timing is no longer fixed; if the eNB does not succeed to grab the channel in time to schedule a retransmission, it does not need to wait a full HARQ RTT and can schedule it as soon as the CCA is passed.
HARQ operation
In current synchronous UL HARQ operation, for each TTI, the HARQ entity identifies the relevant HARQ process and can instruct it to generate either a transmission or adaptive retransmission when an UL grant is received, or a non-adaptive retransmission when no UL grant is received (if NACK feedback was received and HARQ buffer not empty).

In asynchronous UL HARQ operation, the HARQ entity would get the relevant HARQ process ID through the PDCCH signaling, so basically when an UL grant is received for a TTI. The concept of non-adaptive retransmission relies on reusing the same resource/MCS used during the previous attempt, in order to strip down the needed signaling to the minimum: whether a retransmission is needed or not (1 bit). Translated to asynchronous HARQ operation, non-adaptive retransmissions could be realized by using a new DCI format with a single information bit, in addition to the HARQ process ID. However, given the overhead of sending a PDCCH message, it may not make sense to limit the payload to a single information bit.
Proposal 4: RAN2 should discuss whether there is a need to introduce asynchronous adaptive and/or asynchronous non-adaptive retransmissions.
The existing synchronous non-adaptive retransmissions (triggered by HARQ feedback on PHICH) may no longer be needed, since all the retransmissions could be sent as asynchronous UL HARQ retransmissions. 

HARQ timeline and DRX operation
The DRX active time currently includes (among others) TTIs in which an UL grant for a pending HARQ retransmission can occur. In synchronous UL HARQ operation, these TTIs are pre-defined. They occur at each RTT of the corresponding HARQ process, for up to a given maximum number of retransmissions opportunities. After the last of these TTIs, retransmissions are no longer possible (the HARQ buffer is flushed), and the PDCCH no longer needs to be monitored for that purpose. In asynchronous UL HARQ operation, UL grants for a pending retransmission could be expected in the same time range, or a retransmission timer could be used in a similar way as in DL HARQ operation.
3. Conclusion 
In this contribution, we have made an initial analysis of UL HARQ operation in a LAA SCell, and made the following proposals.
Regarding impact of LAA requirements on UL HARQ operation:
Proposal 1: If non-adaptive transmissions are assumed, MAC should be aware if PUSCH transmission was dropped due to CCA failure.
Proposal 2: If non-adaptive transmissions are assumed, RAN2 should discuss whether an erased PHICH due to eNB CCA failure can be detected, and whether ACK or NACK should be assumed in that case.
Regarding asynchronous UL HARQ operation:
Proposal 3: Asynchronous UL HARQ is studied based on HARQ process ID signaling in scheduling UL grant.
Proposal 4: RAN2 should discuss whether there is a need to introduce asynchronous adaptive and/or asynchronous non-adaptive retransmissions.
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