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[bookmark: _Ref298777854]Introduction
In this contribution, we discuss some issues related to scheduling mechanisms for LAA. Both self-scheduling and cross-carrier scheduling in LAA are discussed.
Scheduling
The LTE design supports, in general, two different scheduling approaches, i.e. cross-carrier scheduling and self-scheduling. The supported set of scheduling designs needs some considerations for LAA SCell due to the LBT requirements on an LAA SCell, which differs from the previous LTE designs. We will first describe a design for self-scheduling and further describe a design for cross-carrier scheduling. 
Self-scheduling
For the case of a DL-only LAA SCell that operates self-scheduling, the assumption is that the DCI message is provided by EPDCCH. If the UE finds an applicable EPDCCH it would know that it has been assigned a PDSCH within that subframe. On the eNB side, this type of operation is rather straight forward as either the eNB succeeds with its LBT operations or it does not. If the eNB succeeds with the LBT operation the eNB would transmit both EPDCCH and PDSCH. For subframes that do not require a new LBT procedure (not the first subframe after successful LBT) the eNB will simply transmit EPDCCH and PDSCH. It is further discussed in [4] that to support this operation, it is hihly preferable that the eNB would configure an EPDCCH that starts always for example three OFDM symbols within the subframe. Moreover the PDSCH should be allowed to start from the first OFDM symbol, or with the same offset as the EPDCCH. 
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Figure 1: DL-only LAA SCell self-scheduling
Proposal:
· For DL-only LAA SCell, self-scheduling based on EPDCCH should be supported

For the case when LAA SCell operates both UL+DL, the DL scheduling with above EPDCCH approach can be reused. For UL scheduling however some further considerations are required. The reason is that if the UL is scheduled from an LAA SCell which requires DL LBT at eNB and further if it is so that the UL transmission on the UE side requires UL LBT, the actual PUSCH transmission in this case requires two successive LBT procedures. Another option is that only the eNB performs LBT, wherein the UE transmits directly after the eNB or another UE as discussed in our companion contribution [1]. In this option, the eNB can perform LBT and hold the channel for UEs within maximum channel occupancy time, while the UE accesses the channel in the UL for the remaining subframes to transmit PUSCH. In Wi-Fi, Reverse Direction Grant (RDG) is used so that one STA could grant the channel to another STA within the transmit opportunity (TXOP) [3]. Similar approach can be applied in LAA. However, the scheduling delay of 4ms in LAA should be considered. Whether or not there is a need for some optimization for self-scheduling design for UL should be determined based on further study showing the impact on the LAA UL performance and considering  similar applicable features for WiFi. We provide a further analysis of the UL LBT procedures in [1]. 
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Figure 2: UL+DL LAA SCell self-scheduling

Proposal
· For UL+DL LAA, DL scheduling based on self-scheduling with EPDCCH should be supported
· For UL+DL LAA, UL scheduling based on self-scheduling with EPDCCH should be supported
· Further study is needed whether or not some adjustment to LBT procedure in UL needs to be done in case self-scheduling is operated

Cross-carrier scheduling
Regarding cross-carrier scheduling, we first assume here that the LAA SCell is scheduled from a licensed carrier and further below we analyze if there are any additional benefits in providing the possibility for scheduling an LAA SCell from another LAA SCell. 
The first case to study is in the case of a DL-only LAA SCell. There are basically two different operational modes to study. The first is assuming that the PDCCH is used to schedule the LAA SCell and the second is that EPDCCH is used to schedule the LAA SCell. Assuming that the PDCCH is used, there will be a potential issue in the first subframe of a TxOP. The reason is that the eNB would need to transmit the PDCCH either before or at the same time as the PDSCH starts to be transmitted towards the UE. Since LBT needs to be done on LAA SCell in the beginning of the first subframe of TxOP, it is uncertain if PDSCH will be transmitted on LAA SCell when PDCCH is transmitted on PCell as shown in Figure 3. The PDCCH can therefore not indicate whether or not the PDSCH is actually transmitted to the UE. The UE would therefore need to blindly detect the presence of the PDSCH on the LAA SCell based on detecting some form of signal on the LAA SCell. A potential option to support this would be that the UE should detect the presence of the initial signal, this would however require that the duration of the initial signal is long enough to allow a reliable detection at the UE side. Another alternative is that some signal is embedded in the beginning of the first PDSCH. The two last approaches have an issue with the case where the UEs ON duration of the DRX procedure is not aligned with TxOP duration and hence would not be preferred from this perspective. Detecting the PDSCH blindly would also require some further study if this is feasible or not assuming a very low error rate to avoid corrupting the soft buffer. The UE could potentially use reference signals that are part of the subframe such as the CRS to detect the presence of the burst, but the reliability of this needs to be robust to avoid corrupting the soft buffer as mentioned above.
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[bookmark: _Ref414279467]Figure 3: DL-only LAA cross-carrier scheduling based on PDCCH

Proposal
· Further study is needed on how to support DL cross-carrier scheduling from PDCCH on a carrier operating in licensed spectrum

We continue the discussion by considering cross-carrier scheduling based on EPDCCH. For EPDCCH it may be possible to avoid the case that EPDCCH is needed to be provided before or at the same time as the corresponding PDSCH. This is achieved by configuring the EPDCCH to start later in the subframe than the PDSCH would start on the LAA SCell. This needs however to be studied more, specifically to understand the corresponding eNB complexity better. 
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Figure 4: DL-only LAA cross-carrier scheduling based on EPDCCH
Proposal:
· Further study is needed to assess the complexity of  supporting DL cross-carrier scheduling based on EPDCCH
There are some common issues for both EPDCCH and PDCCH based on DL cross-carrier scheduling. The first issue is that when the scheduling carrier is operating TDD, not all subframes on the LAA SCell will be possible to be scheduled. This is because that DL assignment is only applicable for the same subframe in which the (E)PDCCH is transmitted. This will be an issue if only DL cross-scheduling is supported as there will be no defined way to schedule the unused subframes as shown in Figure 5. Potentially multi-subframe scheduling can be introduced to resolve this, but this introduction leads to the next issue. If it is so that the amount of licensed carriers are very limited and there is a large amount of unlicensed carriers there is a risk that the licensed carrier will need to take a very large overhead for scheduling LAA SCells. This may impact the usability of LAA SCell if, for example, the scheduling carrier on licensed spectrum is in a macro eNB which serves many UEs and operates many LAA SCells. The last problem may be believed to be solved by allowing cross-carrier scheduling from an LAA SCell to another LAA SCell, although there is no clear benefit with this compared to operating each LAA SCell in DL-only with self-scheduling.
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[bookmark: _Ref414281400]Figure 5: DL-only LAA cross-carrier scheduling based on EPDCCH
Observations:
· DL cross-carrier scheduling severely impacts the number of schedulable subframes in case the scheduling cell is operating TDD
· If there are many unlicensed LAA SCells scheduled using DL cross-carrier scheduling, there will be a problem with overhead on the licensed carriers
We continue the analysis by considering cross-carrier scheduling from a carrier in licensed spectrum for UL scheduling. Compared to DL based cross-carrier scheduling this is more straight forward assuming that the amount of carriers in licensed spectrum are rather balanced compared to the amount of carriers used in the unlicensed band and that the scheduling cell is FDD. It would then be possible to avoid the case that both the eNB and UE are required to do LBT, by simply relying on the UE performing LBT before transmitting. 
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Figure 6: UL+DL based cross-carrier scheduling based on EPDCCH
Observation:	
· Assuming that the scheduling cell is FDD and that amount of unlicensed spectrum used is rather balanced compared to the amount of licensed spectrum, supporting cross-carrier scheduling for UL from either (E)PDCCH is beneficial

There is however another aspect that needs to be considered. If the scheduling cell would be operating TDD there would be a need to support multi-subframe scheduling for the UL in order to get an efficient operation. 
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Figure 7: UL+DL based cross-carrier scheduling based on EPDCCH with a TDD scheduling cell

The above limitations with self-scheduling and cross-carrier scheduling are not solved by allowing cross-carrier scheduling between different LAA SCell. Hence, it is unclear if such operation yields any benefits. However, if it does not require any additional work it may be supported, but with the understanding that there is no use case for it. 

Observation:
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCell

Further the design does not scale well if the amount of unlicensed spectrum grows to a very large number. For such cases the only sensible options is to support self-scheduling on the same carrier as the one where UL will be transmitted. Consequently there is a need to define an LBT procedure that allows self-scheduling for both UL and DL for LAA to operate in a fair manner with WiFi. If, in addition, cross-carrier scheduling is wished to be supported, a reasonable choice is to design cross-carrier scheduling solution for UL only while the DL is fully based on self-scheduling. 

Proposal:
· Self-scheduling based on EPDCCH is needed to be supported for both UL and DL for any number of aggregated unlicensed carriers.
· Cross-carrier scheduling for UL from (E)PDCCH can be considered to be supported together with self-scheduling for DL
· Further study is needed if any enhancements for cross-carrier scheduling are required in case the scheduling cell is TDD 
Conclusions
[bookmark: _GoBack]In this contribution, we discussed both self-scheduling and cross-carrier scheduling for LAA. The above discussion is summarized with the following observations and proposals:
Proposal:
· For DL-only LAA SCell self-scheduling based on EPDCCH should be supported
· For UL+DL LAA, DL scheduling based on self-scheduling with EPDCCH should be supported
· For UL+DL LAA, UL scheduling based on self-scheduling with EPDCCH should be supported
· Further study is needed whether or not some adjustment to LBT procedure in UL needs to be done in case self-scheduling is operated
· Further study is needed on how to support DL cross-carrier scheduling from PDCCH on a carrier operating in licensed spectrum 
· Further study is needed to assess the complexity of  supporting DL cross-carrier scheduling based on EPDCCH
· Self-scheduling based on EPDCCH is needed to be supported for both UL and DL for any number of aggregated unlicensed carriers.
· Cross-carrier scheduling for UL from (E)PDCCH can be considered to be supported together with self-scheduling for DL
· Further study is needed if any enhancements for cross-carrier scheduling are required in case the scheduling cell is TDD 
Observations:
· DL cross-carrier scheduling severely impacts the number of schedulable subframes in case the scheduling cell is operating TDD
· If there are many unlicensed LAA SCells scheduled using DL cross-carrier scheduling, there will be a problem with overhead on the licensed carriers
· Assuming that the scheduling cell is FDD and that amount of unlicensed spectrum used is rather balanced compared to the amount of licensed spectrum, supporting cross-carrier scheduling for UL from either (E)PDCCH is beneficial
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCell
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