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1	Introduction
The scheduling support for LAA has been discussed in several company contributions, but nothing so far has been captured in the TR. 
In this contribution we present our views on LAA scheduling support. 
2	Scheduling of LAA UL and DL
LAA is to be based on the carrier aggregation framework. Looking at carrier aggregation, self-scheduling as well as cross-carrier scheduling is possible. Cross-carrier scheduling has been included for carrier aggregation, to enable scheduling from a carrier with e.g. having a better control channel reliability to improve the overall reliability of the communication. 
The required listen-before-talk (LBT) operation changes the situation compared to licensed band operation, where the transmission of signals from eNB or UE at certain times can be guaranteed and planned well in advance. 

2.1 LAA PDSCH/DL scheduling support
Having a need for LBT/CCA before a potential DL transmission also has some effect on the transmission of DL grants. In LTE the DCI carrying the DL assignment is transmitted in the same subframe as the related PDSCH itself – either on the same carrier in case of self-scheduling or through cross-carrier scheduling. 
In case of self-scheduling, the LBT procedure and the potential need to wait for the channel to be available for transmission does equally effect the DL data channel as well as the related control. In case the channel is not available, the transmission of the DL grant and the related PDSCH will equally not be possible and the transmission of the control and related data is simply just not happening at that point of time. Therefore, for DL self-scheduling the LBT operation does not create any issues and the operation for UE and eNB is as on licensed band carriers. 
In case of cross-carrier scheduling, the situation is slightly different. As discussed for example in [1,2], the eNB needs to prepare the data for transmission ahead of time (i.e. before the actual transmission being subject to LBT). This might create some issues considering cross-carrier scheduling for DL operation, in case of negative LBT on the unlicensed carrier effecting PDSCH and normal licensed band on the scheduling cell carrying the DL grant. 
As we discuss in our companion paper [3], in case of LAA DL operation, the LAA eNB/AP might need to prepare several different BB transmission options in advance considering different potential LBT outcomes. In case of self-scheduling, this is to be contained within the same node (and same BB unit), but when thinking of cross-carrier scheduling as an example from macro eNB to LAA small cell node, then the macro eNB might need to prepare for several different LBT outcomes its (E)PDCCH transmissions as well ahead of time! This will clearly complicate the operation and moreover, the scheduling carrier might not be able to remove the DL control in time from the scheduling (licensed band carrier) any more. This might lead to the situation, where the DL grant is transmitted through cross-carrier scheduling (from a licensed band carrier) but the related PDSCH itself on LAA cannot be transmitted due to LBT.


The issue of having the DL grant transmitted, but not having PDSCH transmitted leads to the following problems:
1. Waste of DL control capacity: The control channel capacity considering the carrier aggregation operation is a very valuable and restricted resource. Therefore, using resources for DL grant on a (licensed band) scheduling carrier when not having the LAA PDSCH to be transmitted is far from being optimal wasting valuable control channel resources. 
2. Unnecessary PDSCH decoding: In case a DL grant is transmitted through cross-carrier scheduling and the PDSCH is not transmitted due to negative LBT, the UE after correctly decoding the DL assignment will try to decode the PDSCH according to DL grant. This will cause unnecessary PDSCH decoding from UE point of view which results in unnecessary power consumption in the LAA UE receiver. Clearly, this should be prevented. 
3. DL HARQ soft-buffer issues: In addition to the point above, as the UE is not aware that PDSCH actually has not been transmitted, the UE will store the combined samples of all retransmissions of a DL HARQ buffer in its soft-buffer memory. But as the PDSCH has not been transmitted, this will decrease the value of DL HARQ and question the value of information contained in the soft-buffer memory at all. For initial/first transmissions the effect is smaller, but in case of a scheduled HARQ retransmission the effect might make the information contained in all the earlier transmissions as being non useable – and the eNB might be in a position to need to start retransmission of the data packet from scratch.  

Therefore, the negative impacts of cross-carrier scheduling due to DL LAA LBT operation are to be minimized. Therefore, cross-carrier scheduling of LAA DL should only be possible/allowed, in case no DL assignment without the related PDSCH is to be transmitted from the network. For example, this applies to subframes transmitted after a successful LBT operation and which are still within the maximum occupancy time for that transmission. 
Considering the cross-carrier scheduling in general, one might also consider which type of scheduling cell is to be supported. One argument for LAA cross-carrier scheduling is the reliability of the DL control message transmission, which could only be given by cross-carrier scheduling from a licensed band LTE carrier. In case of having a scheduling cell in unlicensed band (LAA cell), the reliability can again not be guaranteed which removes the motivation for DL cross-carrier scheduling. In addition, as a LAA cell is subject to LBT, the cross-carrier scheduling from one unlicensed band carrier to the next would be then dependent on two independent LBT processes for the scheduling cell and the scheduled cell. Therefore, the scheduling cell LBT might then limit the PDSCH transmission on the scheduled cell, which in addition will limit the LTE unlicensed band operation. The situation would be even worse, in case of enabling DL cross-carrier scheduling from an LAA cell scheduling cell of a legacy LTE (licensed band) scheduled cell. Therefore, we don’t see any need to support DL cross-carrier scheduling from an LAA scheduling cell. 

From the discussions above, the following can be observed with respect to LAA DL scheduling:
Observation 1: Considering licensed band control overhead and the specifics of LBT for LAA, DL LAA self-scheduling seems to be the preferred operation mode.
Proposal 1: LAA DL self-scheduling should be supported. 
Proposal 2: DL cross-carrier scheduling (of an LAA or licensed band LTE cell) from an unlicensed band carrier (i.e. LAA cell is scheduling cell for cross-carrier scheduling) is not supported. 
Proposal 3: LAA DL cross-carrier scheduling from a licensed band LTE carrier should only be allowed in case it is guaranteed that for each DL grant transmitted from the scheduling LTE cell there is a corresponding PDSCH transmission from the LAA DL cell being subject to LBT.

Considerations on scheduling for potential PDSCH contained in partial/fractional subframes are considered in a companion contribution [3] focusing on partial/fractional subframe operation overall. 



2.2. LAA PUSCH/UL scheduling support
Also for UL scheduling, the LBT operation creates some limitations. As also discussed in [1,2], the UL self-scheduling might have an issue in case the UL grant cannot be transmitted from the network to the respective UE due to LBT. The problem of LBT being negative when trying to transmit the UL assignment to the UE can be avoided through licensed band cross-carrier scheduling. Again, having cross-carrier UL scheduling from one LAA carrier to another has similar problems as UL self-scheduling. Considering also the discussions on DL cross-carrier scheduling having an LAA scheduling cell, we don’t see a reason or need to support UL cross-carrier scheduling from an unlicensed band scheduling cell! A similar observation has also been noted in [2]. 
As PUSCH is pre-scheduled by the eNB, the support of UL LAA self-scheduling does not created any issues for UE or eNB operation, as the PUSCH is anyhow prepared by the UE only after the successful reception of an UL grant. Therefore, there seems to be no specific reasons (other than scheduling restrictions due to DL LBT operation) to prevent LAA UL self-scheduling.

Looking at the discussions above, the following can be observed with respect to LAA UL scheduling:
Observation 2: Considering DL LBT limitations, using cross-carrier LAA UL scheduling from licensed band might have advantages in operation.
Proposal 4: UL cross-carrier scheduling (of an LAA or licensed band LTE cell) from an unlicensed band carrier (i.e. LAA cell is scheduling cell for cross-carrier scheduling) is not supported. 
Proposal 5: LAA UL self-scheduling and LAA UL cross-carrier scheduling from a licensed band carrier (i.e. licensed band LTE cell is scheduling cell) is to be supported. 

Finally, looking at the two observations on the preferred scheduling modes for LAA – self-scheduling for LAA DL and cross-carrier scheduling from a licensed band cell for LAA UL, there is need to enable a different scheduling cell for UL and DL. Therefore, we would like to bring a related proposal forward which reads as:
Proposal 6: Considering enabling to configure separate scheduling cells for UL and DL of a respective LAA cell and to split the UL and DL blind decodes to the respective scheduling carriers. 


[bookmark: _GoBack]2.3 PDCCH/EPDCCH support on LAA cells
UL and DL grants up to Rel. 11 have been carried on PDCCH. In Rel. 11, EPDCCH has been introduced enabling the scheduling from EPDCCH in certain subframes. 
For potential cross-carrier scheduling from licensed band cells, clearly PDCCH scheduling needs to be supported in order to maximize the number of schedulable LAA subframes as EPDCCH operation is not possible in all licensed band DL subframes. But scheduling from EPDCCH from the scheduling cell should be supported, as otherwise, the utilization of the EPDCCH capacity for a UE configured for LAA cross-carrier scheduling would not be possible. 
Looking at the DL control channel supported at an LAA SCell, we think that self-scheduling from PDCCH and EPDCCH of an LAA SCell can be supported as such, as no disadvantages of supporting both basic LTE DL control channel modes so far have been identified. 
Proposal 7: Support for PDCCH and EPDCCH for potential cross-carrier scheduling of LAA cells from a licensed band scheduling cell as well as support for PDCCH and EPDCCH for LAA self-scheduling should be further considered.

3	Conclusions
In this contribution we have discuss how to schedule UL/PUSCH and DL/PDSCH of an LAA SCell. There seem to be two preferred LAA scheduling operation modes for LAA UL and DL:
· Observation 1: Considering licensed band control overhead and the specifics of LBT for LAA, DL LAA self-scheduling seems to be the preferred operation mode.

· Observation 2: Considering DL LBT limitations, using cross-carrier LAA UL scheduling from licensed band might have advantages in operation.

Based on the discussion in this contribution and the highlighted observations, we would like to summarize our related proposals:
· Proposal 1: LAA DL self-scheduling should be supported. 

· Proposal 2: DL cross-carrier scheduling (of an LAA or licensed band LTE cell) from an unlicensed band carrier (i.e. LAA cell is scheduling cell for cross-carrier scheduling) is not supported. 

· Proposal 3: LAA DL cross-carrier scheduling from a licensed band LTE carrier should only be allowed in case it is guaranteed that for each DL grant transmitted from the scheduling LTE cell there is a corresponding PDSCH transmission from the LAA DL cell being subject to LBT.

· Proposal 4: UL cross-carrier scheduling (of an LAA or licensed band LTE cell) from an unlicensed band carrier (i.e. LAA cell is scheduling cell for cross-carrier scheduling) is not supported. 
	
· Proposal 5: LAA UL self-scheduling and LAA UL cross-carrier scheduling from a licensed band carrier (i.e. licensed band LTE cell is scheduling cell) is to be supported. 

· Proposal 6: Considering enabling to configure separate scheduling cells for UL and DL of a respective LAA cell and to split the UL and DL blind decodes to the respective scheduling carriers. 

· Proposal 7: Support for PDCCH and EPDCCH for potential cross-carrier scheduling of LAA cells from a licensed band scheduling cell as well as support for PDCCH and EPDCCH for LAA self-scheduling should be further considered.
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