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1
Introduction

The discussion on “Study on Licensed-Assisted Access (LAA) Using LTE” was approved to be a new study item in LTE Release-13 at 3GPP TSG RAN #65 [1]. LAA targets the carrier aggregation operation in which one or more low power SCells operate in unlicensed spectrum, which may support both DL-only and UL+DL scenario. Regarding LAA UL operation, the following observations/agreements were made in Rel-13 LAA SI: 
	· RAN1 #80bis

· Observations:

· Following possible scheduling combinations for a LAA CC are identified:

· Combination 1: DL/UL: self-scheduling

· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling

· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling

· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC

· Continue study until RAN1 #81 meeting considering above combinations except for combination 3

· FFS: Combine multiple combinations

· Agreement:

· Combination 3 in above observations is not a design target of LAA
· Agreement (RAN1 #81)

· In case of a eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner over the same unlicensed carrier

· Any instant in time can be part of a DL transmission burst or an UL transmission burst
· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations


This contribution aims to share our opinions on the scheduling combinations for eLAA. 
2
Discussion
According to previous discussions, LTE-based LAA UL operation should be transmitted based on eNB scheduling [2][3][4]. Hence, UE transmits PUSCH after receives UL grant in at least 4ms before. Since both self-carrier and cross-carrier scheduling are supported for LAA DL operation, it’s worth to discuss the scheduling mechanisms for LAA UL operation and the possible scheduling combinations for UL+DL scenario [5]-[9].

2.1

Scheduling Mechanisms

Self-Carrier Scheduling for eLAA UL Operation
If self-carrier scheduling is used for eLAA UL operation, PUSCH will be transmitted after eNB successfully finishes LBT procedure for scheduling UL grant and UE successfully finishes LBT procedure for UL transmission. Comparing with cross-carrier scheduling, self-carrier scheduling will reduce the transmission opportunity of UL transmission because two LBT procedures are required to be done for both eNB and UE sides. However, self-carrier scheduling can offload the downlink control overhead of the licensed carrier (e.g. PCell) since UL grant is carried by the unlicensed carrier (e.g. LAA SCell).
Cross-Carrier Scheduling for eLAA UL Operation

If cross-carrier scheduling is used for eLAA UL operation, UL grant is carried by a licensed carrier (e.g. PCell); and thus, eNB doesn’t need to perform LBT procedure for scheduling UL grant. Therefore, PUSCH will be transmitted after UE successfully finishes LBT procedure for UL transmission. Comparing with self-carrier scheduling, cross-carrier scheduling may increase the transmission opportunity of UL transmission because eNB doesn’t need to perform LBT for transmitting UL grant. On the other hand, downlink control overhead of the licensed carrier may be increased significantly.

2.2

Scheduling Combinations
As discussed in Rel-13 LAA SI, combination 1 is the possible scheduling combination for UL self-carrier scheduling wherein combination 1 also supports self-carrier scheduling for DL transmissions. Similarly, combination 2 and combination 4 are the possible scheduling combinations for UL cross-carrier scheduling wherein combination 2 supports DL self-carrier scheduling and combination 4 supports DL cross-carrier scheduling from a same scheduling CC.
In the current CA system, both DL and UL transmissions can be scheduled by either self-carrier scheduling or cross-carrier scheduling from a same scheduling CC. Therefore, at least combination 1 and combination 4 should be supported for eLAA.
Proposal: 

· At least combination 1 and combination 4 should be supported for eLAA.
However, transmission opportunity is the major drawback for combination 1 since LBT procedure should be done for both eNB and UE side. For combination 4, the major drawback is the downlink control overhead of the scheduling CC (e.g. PCell) since both DL and UL transmission are scheduled by the same scheduling CC and the scheduling CC may schedule a plurality of serving cells.
Combination 2 can relieve the above mentioned problems of combination 1 and combination 4 because it separates the DL and UL scheduling CC. For DL transmission, the scheduling CC is the LAA SCell; hence, the downlink control overhead of PCell can be reduced since the downlink assignments are carried by the LAA SCell. For UL transmission, the scheduling CC is PCell; therefore, the transmission opportunity can be improved since only one LBT procedure at UE side is needed to be done. Nevertheless, the impact of combination 2 is worth to be considered. For RAN1 impact, the number of blind decoding attempts may be increased since UE monitors possible DCI payload sizes at both LAA SCell and PCell. For RAN2 impact, RRC signalling needs to support the separate RRC configurations of DL and UL scheduling CC.
Observation: 

· If Combination 2 is supported, both RAN1 and RAN2 impacts should be studied.
Table 1: Analysis of scheduling combinations
	
	Pros & Cons

	Combination 1
	Pros
	Offloading the downlink control overhead of the licensed carrier.

	
	Cons
	Reducing the transmission opportunity of UL transmission.

	Combination 4
	Pros
	Improving the transmission opportunity of UL transmission.

	
	Cons
	Increasing the downlink control overhead of the licensed carrier.

	Combination 2
	Pros
	Offloading the downlink control overhead of the licensed carrier.
Improving the transmission opportunity of UL transmission.

	
	Cons
	For RAN1 impact, the number of blind decoding attempts is increased.
For RAN2 impact, RRC signalling needs to support the separate RRC configurations of DL and UL scheduling CC.


3
Conclusions

In this contribution, the scheduling mechanisms for eLAA UL operation and the corresponding scheduling combinations for UL+DL scenario are discussed. Thus, we suggest that the following proposal and observation can be considered: 
Proposal: 

· At least combination 1 and combination 4 should be supported for eLAA.
Observation:
· If Combination 2 is supported, both RAN1 and RAN2 impacts should be studied.
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