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1 Introduction

In RAN#70 meeting, a WI on enhanced Licensed-Assisted Access (LAA) using LTE was approved [1]. It was decided to specify UL support for LAA SCell operation in unlicensed spectrum. Meanwhile, issues of channel access mechanism for UL, support for PUSCH and SRS and additionally also support for PUCCH and PRACH if needed, will be investigated as well.

Besides, at the RAN1 #80b meeting, several agreements on UL HARQ design and UL grant DCI were achieved as following [2] [3]. In this contribution, further considerations and analysis on the remaining issues of UL HARQ operation on unlicensed SCell are provided. 
Agreement:
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used
· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields
· HARQ process number
· Redundancy version
2 Some remaining issues of UL HARQ operation for LAA
2.1 Baseline UL HARQ for PUSCH transmission
In the legacy LTE releases, synchronous HARQ is used in uplink, in which UE identifies in each TTI the HARQ process that is associated with this TTI. Each TTI has one or two (depending on whether spatial multiplexing is used or not) HARQ processes associated with it and for the identified HARQ processes, the UE will perform a transmission/retransmission. The association between TTIs and HARQ processes relies on UL HARQ being synchronous and the association follows the timing relationship: If there has been an initial transmission in a certain subframe for a certain HARQ process, then 8 ms later (in FDD), the same HARQ process is considered for retransmission. The actual HARQ process ID is not specified and the UE is free to use any numeration. Meanwhile, the UE receives HARQ feedback from the eNB on PHICH. PHICH received in TTI n relates to the transmission in TTI n-4. If the UE receives NACK on PHICH (but does not receive a grant), a non-adaptive retransmission is triggered automatically.
However, in eLAA, the PUSCH transmission is after the LBT procedure and the UE will not obtain the unlicensed carriers if there is a  LBT failure, which will impact the PUSCH retransmission if scheduled as legacy synchronous HARQ as shown in Figure 1. Therefore, asynchronous HARQ is needed for eLAA UL to make UE transmit retransmission of PUSCH at suitable time according to availability of unlicensed carriers. 
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Figure 1 Illustration of the relationship between PUSCH initial transmission and retransmission
To enable asynchronous HARQ, the eNB needs to know which HARQ process the UE is using when performing a transmission/retransmission and to know which soft-buffer the received transmission should be combined with. Hence, the eNB needs to indicate which HARQ process a grant is for and the redundancy version that should be used, so that the UE uses the correct HARQ process with the correct redundancy version when performing a transmission or retransmission. Consequently, with the UL asynchronous HARQ protocol, all transmission or retransmission should be scheduled via PDCCH or EPDCCH. The HARQ process index is indicated via the HARQ process index field in the UL-grant.
Proposal 1: PUSCH retransmission with asynchronous HARQ needs to be specified in eLAA.
2.2 PUSCH transmission with UL HARQ for cross-carrier scheduling case 
Definitely, the support of asynchronous HARQ in the LAA UL can remove several drawbacks with LTE UL synchronous HARQ protocol operation when employed in the new eLAA scenario. During eLAA SCell operation, UL subframes which are pre-determined and linked to the HARQ process for autonomous UE re-transmissions are not always available for UL transmission. Similarly, DL subframes required to carry PHICH/UL grant are not always guaranteed to become available for the eLAA eNB in self-scheduling case, which will significantly decrease the whole probability of UL channel successfully accessing because of the additional LBT in DL. 
Therefore, cross-carrier scheduling for UL transmission in eLAA is preferred to increase the probability of successful UL channel accessing as shown in Figure 2. That is, in the case of UL cross-carrier scheduling, PDCCH and PHICH transmission are performed via licensed carrier. Thus, the signalling to trigger UL synchronous HARQ transmission and retransmission can be guaranteed because of the stable signalling transmission from licensed carrier for PDCCH and PHICH. However, after receiving UL grant, LBT is still necessary and it does not guarantee the real timing of initial UL transmission and retransmission is satisfied due to the uncertainty of the channel access as a result of CCA. 
However, to simplify the problem of not guaranteeing the real timing of initial UL transmission and retransmission due to the uncertainty of the channel access as a result of CCA, we can consider the required transmission as DTX or packets lost and deal with the issue still via legacy synchronous HARQ operation. In other words, in cross-carrier scheduling for UL transmission in eLAA, we can take the unavailable transmission burst of UL due to LBT failure as packet lost, which will trigger packet retransmission as usual synchronous HARQ operation.
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Figure 2 Illustration of PUSCH transmission on unlicensed carrier for cross-carrier scheduling
Using synchronous UL HARQ with non-adaptive operation has lower overhead compared to an asynchronous UL HARQ with adaptive structure, because uplink retransmissions always occur at an a priori known subframe, e.g. in the case of FDD operation uplink retransmissions occur eight subframes after the prior transmission attempt for the same HARQ process. And the set of resource blocks used for the retransmission on a component carrier is identical to the initial transmission. Thus, the only control signaling required in the downlink for a retransmission is a HARQ acknowledgement, transmitted on the PHICH, which will be performed on licensed carrier via cross-carrier scheduling for eLAA and has much more benefits on signaling overhead, especially in WiFi light load scenarios. So, we propose that PUSCH retransmission using synchronized HARQ should also be supported.
Proposal 2: PUSCH retransmission using synchronous HARQ with non-adaptive operation should also be supported in eLAA.
For the case when no cross-carrier scheduling is used and each uplink component carrier is scheduled on its corresponding downlink component carrier, it is straightforward and there is no risk of multiple uplink component carriers being associated with the same PHICH resource, but it decreases probability of the uplink channel accessing because of downlink LBT failure. With cross-carrier scheduling, on the other hand, transmission on multiple uplink component carrier may need to be acknowledged on a single downlink component carrier. To avoid PHICH collision among multiple uplink carriers, the scheduler needs to ensure that different reference-signal phase rotations or different resource block starting positions are used for the different uplink component carriers.
In addition, compared with the asynchronous HARQ process, the synchronous HARQ process can significantly save the signalling overhead and has much less specification impact. Meanwhile, the asynchronous HARQ process is more flexible than the synchronous HARQ process but suffering from high signalling overhead for the eLAA case. Therefore, we propose that the PUSCH transmission with synchronous HARQ can also be supported and which one will be used, i.e. synchronous HARQ or asynchronous HARQ, can be configured by network for cross-carrier scheduling case in eLAA.
Proposal 3: PUSCH transmission with synchronized or asynchronous HARQ can be configured by network for cross-carrier scheduling case in eLAA. 
3 Conclusion
In this contribution, further considerations and analysis on remaining issues of PUSCH transmission on unlicensed SCell are provided, including asynchronous UL HARQ for UL HARQ operation, synchronous UL HARQ for UL HARQ operation, as well as PHICH issue. Finally, proposals are listed as follows: 
Proposal 1: PUSCH retransmission with asynchronous HARQ needs to be specified in eLAA.
Proposal 2: PUSCH retransmission using synchronous HARQ with non-adaptive operation should also be supported in eLAA.
Proposal 3: PUSCH transmission with synchronous or asynchronous HARQ can be configured by network for cross-carrier scheduling case in eLAA. 
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