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1. Introduction
The SI on Licensed-Assisted Access (LAA) to Unlicensed Spectrum [1] was completed and the outcome was captured in [2]. Based on this study, in RAN#68 meeting, a WI on LAA was approved [3]. The goal of this work item is to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation. In this contribution, we discuss the scheduling related issues for LAA using LTE.  
2. Discussion on scheduling Combinations for LAA
There are two scheduling schemes in existing LTE. One is self scheduling and the other is cross-carrier scheduling. Three possible scheduling combinations for an LAA CC are identified [2]; 
· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
Combination 1:
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 in the current subframe may not be possible for PDSCH transmission on a partial subframe. Thus, DL self scheduling based on EPDCCH in the current subframe should be reused directly for PDSCH transmission on a partial subframe. However, an indication to UE about the position of EPDCCH in the current subframe is needed, and the configuration of EPDCCH may be considered because of various symbols on the partial subframe. Another option is self scheduling with (E)PDCCH in the next subframe. In this case, DCI is transmitted in the next subframe. It requires the UE to buffer all the data symbols and perform demodulation/decoding after DCI is received in the next 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. 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. 
Combination 4
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. 
Similar to Combination 1, due to the unpredictable starting time for DL transmission on unlicensed carrier, the PDSCH transmission on the partial subframe following LBT/CCA on an unlicensed carrier when corresponding PDCCH/EPDDCCH is transmitted on the licensed carrier should be considered. For example, PDSCH on a partial subframe is scheduled by PDCCH/EPDCCH on the licensed carrier in the next subframe because PDCCH/EPDCCH may not have the chance of transmission in the current subframe. For UL scheduling of LAA SCell, the existing cross-carrier scheduling could be reused directly. 
Combination 2
According to the current specification of carrier aggregation, each PDSCH/PUSCH serving cell can be scheduled only from a single PDCCH serving cell, either by cross carrier scheduling or by self carrier scheduling. In other words, the UE-specific search space for DCI format 0 and DCI format 1A corresponding to PUSCH and PDSCH are on the same serving cell. If Combination 2 were supported as shown in Figure 1, there would be two UE-specific control channel search space for each unlicensed carrier, one in the licensed PCell and the other in the unlicensed SCell. Therefore, if the current UE-specific search space design is directly used, the UE control channel blind detection complexity would increase.
Some options can be considered in order not to increase UE control channel blind detection. For example, a different DCI format such as DCI format 2X could be used for DL self scheduling and DCI format 1A/0 could be used for cross carrier scheduling.In current specification, the number of PDCCH candidates monitored by a UE is shown in Table 1 in case DCI is carried on PDCCH. There are 4 aggregation levels/16 PDCCH candidates in a given DCI format for UE-specific search space. Shared PDCCH candidate is a considerable option to keep UE control channel blind detection. For example, the aggregation levels of DCI format 0/1A is also 1,2,4,8 and DCI format 0 and DCI format 1A share 16 PDCCH candidates. In case DCI is carried on EPDCCH, then another option can be considered to individually configure EPDCCH-PRB-set corresponding to self and cross carrier scheduling. For example, EPDCCH-PRB-set 0 is configured for self scheduling and EPDCCH-PRB-set 1 is configured for cross carrier scheduling.
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Figure 1 Combination 2, DL: self-scheduling; UL: cross-carrier scheduling
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	Size [in CCEs]
	

	UE-specific
	1
	6
	6

	
	2
	12
	6

	
	4
	8
	2

	
	8
	16
	2

	Common
	4
	16
	4

	
	8
	16
	2


Table 1 PDCCH candidates monitored by a UE

In general, each scheduling combination has some advantages but also some concerned issues. In order to efficiently and flexibly utilize unlicensed spectrum and balancing overhead on the licensed carrier, all the above identified scheduling combinations need to be supported for LAA. 
Proposal 1: Combination1, 2 and 4 are supported for LAA SCell. 
In order not to increase UE control channel blind detection in Combination 2, and to indicate scheduling Combination 1 and 2 and 4 to UE, the mechanism of individually configure EPDCCH-PRB-set corresponding to self and cross-carrier scheduling can be used if the DCI is carried on EPDCCH. Note that a similar mechanism has been used in EPDCCH mode configuration. For example, if EPDCCH-PRB-set 0 is configured for self-scheduling and EPDCCH-PRB-set1 is configured for cross-carrier scheduling, the scheduling combination is Combination 2; while the scheduling combination is Combination 1 if EPDCCH-PRB-set 0 and EPDCCH-PRB-set 1 are both configured for self-scheduling; and the scheduling combination is Combination 4 if EPDCCH-PRB-set 0 and EPDCCH-PRB-set 1 are both configured for cross-carrier scheduling. 
Proposal 2: If the DCI is carried on EPDCCH, the mechanism of individually configure EPDCCH-PRB-set corresponding to self and cross-carrier scheduling should be used to indicate scheduling combination.
In the last RAN1#82 meeting, an agreement was made to exclude super TTI for PDSCH transmission in a DL subframe on a LAA SCell, where a DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe [4]. Two options are left for further study for PDSCH transmission in a DL subframe on a LAA SCell. 

· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe (i.e. Floating TTI)
The detailed comparison of partial TTI vs. floating TTI is discussed in our companion contribution [5]. Considering PDSCH may not always exist in a partial subframe, the following method can be used for partial subframe scheduling: the PDSCH on the partial subframe can be scheduled by (E)PDCCH in the next subframe. 
Proposal 3: The PDSCH on partial subframe should  be scheduled by (E)PDCCH in the next subframe.  
3. Conclusion
In this contribution, we discuss scheduling combinations for LAA using LTE and conclude the partial subframe scheduling. We have the following proposals:
Proposal 1: Combination1, 2 and 4 are supported for LAA SCell. 
Proposal 2: If the DCI is carried on EPDCCH, the mechanism of individually configure EPDCCH-PRB-set corresponding to self and cross-carrier scheduling should be used to indicate scheduling combination. 
Proposal 3: The PDSCH on partial subframe can be scheduled by (E)PDCCH in the next subframe.  
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