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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. The detailed objectives of the work item are to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4, RAN1]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4]

This contribution investigates the necessity of multi-subframe scheduling for UL LAA and potential issues.
2 Discussion
2.1 Necessity of multi-subframe scheduling for UL LAA
In LTE system, with the exception of semi-persistent scheduling (SPS) and UL grants in TDD UL/DL configuration 0, only per-TTI scheduling is allowed. In other words, downlink or uplink grant received in subframe n schedules only one PDSCH or PUSCH for a subframe n+k, where k=0 and 4 for downlink and uplink respectively, in FDD case. 
Based on FDD HARQ timing, upon reception of the UL grant in subframe n, the scheduled LAA UE(s) would require to perform LBT on the scheduled unlicensed carrier to occupy the channel before the start of PUSCH transmission in the subframe n+4. Note that the detailed LBT options for UL LAA are discussed in our companion contributions [2][3]. In this case, the eNB cannot predict LBT result at UE side when the UL grant is sent in subframe n, the eNB has no choice but just to send the UL grant with the expectation that UEs would occupy the channel for the scheduled PUSCH in subframe n+4. However, if UE cannot complete the required LBT for uplink transmission on time, the scheduled PUSCH cannot be transmitted in the scheduled subframe, which results in not only the waste resources for UL grants but also the waste UL resource for PUSCH transmission. 

During Rel-13 SI/WI for LAA, it was observed that UL channel access opportunity of LAA can be lower than Wi-Fi because only scheduled UEs can perform LBT to occupy channel for PUSCH transmission. Therefore, it should be noted that LAA UL transmission should be designed to increase channel access opportunity of LAA as well as minimize signaling overhead to send UL grant.
Observation: LAA UL transmission should be designed to increase channel access opportunity of LAA with less scheduling overhead
To increase channel access opportunity while minimizing signaling overhead to schedule PUSCH on unlicensed carrier, multi-subframe scheduling could be considered. A multi-subframe scheduling allows UE to transmit PUSCH in one or multiple subframes in the scheduled subframes whenever UEs pass the LBT by one UL grant. In case of demands on DL is low but that for UL is high, it would be beneficial to support multi-subframe scheduling to avoid unnecessary DL transmission to send UL grant. In this case, it would not only save the signaling overhead for sending UL grant but also reduce the overall interference to other nodes.
Proposal 1: Support multi-subframe scheduling for UL LAA to minimize signaling overhead for sending UL grant
2.2 Considerations on multi-subframe scheduling
If multi-subframe scheduling is supported for LAA, some design considerations need to be studied to realize multi-subframe scheduling efficiently. For example, how long the UL grant can be considered as valid for PUSCH transmission should be defined. For scheduling flexibility, the duration could be configurable with the limited set of candidates. For example, one or two bits to allow up to four set of consecutive subframes including single subframe scheduling could be considered. Note that the same MCS and resource allocation can be applied to all PUSCH transmission to minimize signalling overhead. 
For the HARQ process, we can consider a single or multiple HARQ processes for multi-subframe scheduling. If multiple HARQ processes are supported, uplink resource could be utilized more efficiently than a single process if UE could occupy the channel more than one subframes. In this case, however, the numbers of additional bits in the UL grant would be required to indicate HARQ process number and redundancy version for each process. On the contrary, for a single HARQ process, repeated PUSCH transmissions for available subframes or a single PUSCH transmission can be considered. For the repeated PUSCH transmission, TTI bundling scheme (i.e. RV cycling) can be reused. 

Proposal 2: If multi-subframe scheduling is introduced for UL LAA, complexity, efficiency, and flexibility should be considered for multi-subframe scheduling design.
3 Conclusions
Based on the discussion above, we have the following observation and proposals:

Observation: To increase channel access opportunity while minimizing signaling overhead to schedule PUSCH transmission on unlicensed carrier, multi-subframe scheduling could be considered

Proposal 1: Support multi-subframe scheduling for UL LAA to minimize signaling overhead for sending UL grant

Proposal 2: If multi-subframe scheduling is introduced for UL LAA, complexity, efficiency, and flexibility should be considered for multi-subframe scheduling design.
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