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1. Introduction
In RAN#65[1], the study item ‘Licensed-Assisted Access Using LTE’ was approved. The objective is to evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. In previous RAN1 meetings, some progress was made on LAA using LTE. In this contribution, we discuss the control signaling and HARQ related issues for LAA using LTE.  
2. Control signalling related issues for LAA using LTE

There are two scheduling schemes in existing LTE. One is self scheduling and the other is cross-carrier scheduling. The scheduling schemes of LAA SCell should be considered because in some regions LBT is required for LAA SCell which is different from current LTE designs. 
Self scheduling
For self-scheduling, the availability of control signalling may be low because the control signalling of unlicensed carrier is transmitted on unlicensed carrier subject to LBT and channel availability. 
For DL scheduling of LAA SCell, self scheduling based on PDCCH may not be easy especially for PDSCH transmission on partial subframe. Thus, DL self scheduling based on EPDCCH should be reused directly for PDSCH transmission on either partial or full subframe. 
For UL scheduling of LAA SCell, the following issues should be considered when self scheduling is configured. The UL grant can be sent on the unlicensed carrier if the eNB has DL transmission opportunities in the DL subframes prior to UE’s PUSCH transmission, following the existing UL scheduling timing. However, if LBT is required for the UE before PUSCH transmission on the unlicensed carrier, then the likelihood of the UE being able to transmit PUSCH on the unlicensed carrier could be low as the UE is allowed to transmit on the unlicensed carrier only when both eNB and UE get transmission opportunities. Thus, enhancement on LBT mechanism should be introduced [2]. Another issue of self UL scheduling is that due to the restriction of maximum Channel Occupancy Time (COT) in some regions, the timing of PDCCH/EPDCCH with DCI format 0/4 and the corresponding PUSCH should be considered when self scheduling is configured. 
Cross-carrier scheduling
For cross-carrier scheduling, the availability of control signalling is high due to the control signalling of unlicensed carrier is transmitted on the licensed carrier. However, the overhead issue of control signalling on licensed carrier should be considered. The overhead problem may be mitigated by limiting the number of scheduled unlicensed carriers corresponding to a licensed carrier. Due to the unpredictable starting time for DL transmission on unlicensed carrier, eNB should arrange the PDCCH/EPDCCH search space prior to the CCA check. Then for cross-carrier scheduling of LAA SCell where DL grants are transmitted on the licensed carrier, the PDCCH resource reserved for scheduling unlicensed carriers could be wasted if eNB cannot acquire channel on one or more of the unlicensed carriers. 
Similarly, due to the unpredictable starting time for DL transmission on unlicensed carrier, the PDSCH transmission on the partial subframe following LBT/CCA on unlicensed carrier when corresponding PDCCH/EPDDCCH is transmitted on licensed carrier should be considered [4][5]. For example, PDSCH on partial subframe can be scheduled by PDCCH/EPDCCH on licensed carrier in the next subframe. For UL scheduling of LAA SCell, the existing cross-carrier scheduling should be reused directly. 
Proposal1: Both self and cross-carrier scheduling should be supported for LAA SCell. 
3. HARQ related issues for LAA using LTE
There are several issues related to HARQ process for LAA using LTE. The detailed analysis and our views on each issue are discussed as follows.
PHICH for UL HARQ process

The conclusion of UL HARQ process in Ad Hoc meeting [6] is:

· Recommend to support asynchronous UL HARQ for UL LAA operation
For existing UL synchronous HARQ, UE obtains PUSCH transmission state according to the PDCCH/EPDCCH with DCI format 0/4 and PHICH information. For UL asynchronous HARQ, UE can obtain PUSCH transmission state only according to the detection of PDCCH/EPDCCH with DCI format 0/4. UE assumes that PUSCH transmission is successful if UE does not detect corresponding PDCCH/EPDCCH with DCI format 0/4 within a certain period of time. Thus PHICH information is not needed for UL asynchronous HARQ. 
Proposal2: PHICH information is not needed for UL asynchronous HARQ.

For UL asynchronous HARQ, different HARQ process needs to be distinguished by HARQ process number. A direct and easy way is to increase the control field of HARQ process number in DCI. Note that the size of control field of HARQ process number depends on the supported maximum number of HARQ processes, which need to be decided for UL asynchronous HARQ as well.

Proposal3: The control field of HARQ process number should be introduced in DCI for UL asynchronous HARQ.
Scheduling and HARQ timing
LAA is designed under the structure of carrier aggregation, so it is straight forward that scheduling and HARQ timing follow existing CA specifications. Take DL HARQ-ACK timing as an example, when PCell is FDD and the LAA SCell is used as SDL, the HARQ-ACK timing of PDSCH on LAA SCell follows PCell, i.e. the HARQ-ACK for the PDSCH which transmitted on subframe n-4 should be transmitted on subframe n. 
For UL asynchronous HARQ, the scheduling and HARQ timing could be the timing of PDCCH/EPDCCH with DCI format 0/4 and the corresponding PUSCH. The scheduling timing follows existing CA specifications too. But considering the type of scheduling and restriction of COT in some regions, the existing scheduling timing may be not suitable if new UL/DL configurations were introduced. Then a new scheduling timing can be considered. More details can be referred to our companion contribution [3].
Proposal 4: The scheduling and HARQ timing of LAA SCell should follow existing CA specifications. A new scheduling and HARQ timing can be considered for UL transmission.

Retransmission of HARQ process
There are two options for retransmission of HARQ process:

· Option 1:  Self-carrier retransmission

· Option 2:  Cross-carrier retransmission

For option 1, if the initial transmission of PDSCH/PUSCH is in serving cell c, the retransmission can only occur at the same serving cell. For option 2, the PDSCH/PUSCH can be retransmitted in a different serving cell. 
In the existing CA framework, HARQ process is defined per component carrier and retransmission is based on Option 1. If Option 1 is also used for LAA SCell, the existing schemes (i.e. CA framework) can be reused. But the retransmission may be delayed and not controllable by the network because of non-contiguous time domain transmission and limited channel occupancy time in some regions. An example is shown in Figure 1. The eNB receive NACK in radio frame n subframe #8. However, the retransmission of PDSCH of SCell1 can only occur at the next channel occupancy time of SCell1 (radio frame n+2 subframe #2 in this example). As the increase of the number of LAA SCell, retransmission latency will increase largely. 
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Figure 1 Self-carrier retransmission of DL HARQ process for LAA SCell

If Option 2 is used for LAA SCell, the impact of prolonged retransmission latency can be alleviated. An example is shown in Figure 2, the eNB retransmit PDSCH of SCell1 in PCell in radio frame n+1 subframe #2 if NACK was received in radio frame n subframe #8. For Option 2, the number of LAA SCell participating in the resource competition can be reduced. The probability for an LAA SCell to obtain resource becomes larger. For example, if no new PDSCH is transmitted on LAA SCell1 in radio frame n+1, then LAA SCell1 does not participate in resource competition because LAA SCell1 PDSCH retransmission can be transmitted on another cell. Therefore LAA SCell2 can successfully obtain resource on radio frame n+1. The collision probability between LAA SCell1 and LAA SCell2 can be reduced. However, the UE complexity is slightly increased in Option2. For example, the number of blind detection in one carrier is increased in case of self-scheduling if the DCI size of PDSCH retransmission of SCell1 is different with the DCI size of PDSCH transmission of PCell. 
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Figure 2 Cross-carrier retransmission of DL HARQ process for LAA SCell

There are three alternatives for Option 2 in terms of actual transmission：
Alt1：Retransmission is on one of the carriers operated on licensed spectrum
Alt2：Retransmission is on one of the carriers operated on unlicensed spectrum 
Alt3：Retransmission is on one of any available carriers 
Without additional CCA before transmission, there is no retransmission latency in Alt1. But the impact on legacy transmission on licensed carrier(s) cannot be avoided. For Alt2, the problem of prolonged retransmission latency can only be alleviated but cannot be completely avoided because additional CCA is also needed. The legacy transmission on the licensed carrier(s) will not be impacted because of retransmission on the carrier operated on unlicensed spectrum. Alt3 is the most flexible due to the possible large number of carriers which can be used for retransmission. But the cost of Alt3 is also high due to higher complexity. 
For each alternative, specification efforts are required to specify the carrier which carries the retransmission. The retransmission carrier could be a fixed carrier, or a carrier in the same group with initial transmission, or a carrier indicated by explicit or implicit signalling, etc. The solution to distinguish multiple HARQ processes in one carrier should also be considered. Based on the above analysis, we propose cross-carrier retransmission of HARQ process should be considered for LAA SCell to mitigate possible retransmission latency caused by non-contiguous time domain transmission. 

Proposal 5: Cross-carrier retransmission of HARQ process should be considered for LAA SCell.
Maximum number of HARQ processes
One important aspect of HARQ process is the maximum number of HARQ processes. One straight forward option would be following the existing CA specifications. For example, the maximum number of DL HARQ processes for LAA SCell is 8 which is the conclusion of FDD CA when PCell is FDD and LAA SCell is used as SDL. 
However, there are several reasons motivating a careful study on the maximum number of HARQ processes. As discussed in above, UL asynchronous HARQ was introduced. In that case, whether to use the same number as in the existing specifications for the maximum number of HARQ processes of LAA SCell should be decided. For instance, the description in specification would be simplified if a common maximum number (e.g., 8) of HARQ processes of LAA SCell is introduced even for different TDD UL/DL configurations on LAA SCell. Another reason is that LAA should abide the regulatory requirements of unlicensed spectrum, e.g. LBT and maximum channel occupancy time in some regions. The channel occupancy time in different regions is different. The impact of channel occupancy time should be considered when determining the maximum number of HARQ processes of LAA SCell. 
Proposal 6: The maximum number of HARQ processes of LAA SCell should be further studied.

4. Conclusion

In this contribution, we discuss control signaling and HARQ related issues for LAA using LTE. The following are proposed:

Proposal1: Both self and cross-carrier scheduling should be supported for LAA SCell. 
Proposal2: PHICH information is not needed for UL asynchronous HARQ.
Proposal3: The control field of HARQ process number should be introduced in DCI for UL asynchronous HARQ.

Proposal 4: The scheduling and HARQ timing of LAA SCell should follow existing CA specifications. A new scheduling and HARQ timing can be considered for UL transmission.

Proposal 5: Cross-carrier retransmission of HARQ process should be considered for LAA SCell.

Proposal 6: The maximum number of HARQ processes of LAA SCell should be further studied.
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