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[bookmark: _GoBack]In this contribution, we discuss issues related to scheduling mechanisms for DL-only LAA. Both self-scheduling and cross-carrier scheduling are discussed.
The scheduling cases of DL+UL LAA are discussed in the companion contribution [1].
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 straightforward 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 [2] that to support this operation, it is highly 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 is supported.

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. 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 transmission duration. 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 the transmission duration, it is uncertain if PDSCH will be transmitted on LAA SCell when PDCCH is transmitted on PCell as shown in Figure 2. 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 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 further study to ensure soft buffer is not corrupted.
These two approaches have a common issue with the case where the UE’s ON duration of the DRX procedure are not aligned with transmission duration and hence would not be preferred from this perspective. Detecting the PDSCH blindly would also require some further study if this is feasible particularly considering a low false alarm rate is required to avoid corrupting the soft buffer. 
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[bookmark: _Ref414279467]Figure 2: 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 3: 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 4. This is then different from the Rel-12 design as in these cases the subframes can be used for other UEs with self-scheduling. For LAA, this then may or may not be true in this case, but given that this is true, the question arises why would cross-carrier scheduling be need to be supported to start with if it is so that some UEs are operated with self-scheduling on the LAA SCell. 
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 potentially 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 4: DL-only LAA cross-carrier scheduling based on EPDCCH
The above limitations with self-scheduling and cross-carrier scheduling are not solved by allowing cross-carrier scheduling between different LAA SCells. Hence, it is unclear if such operation yields any benefits.

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
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCells.
Conclusions
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:
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
· Unclear benefits with providing cross-carrier scheduling support between two LAA SCells.

Proposal:
· For DL-only LAA SCell, self-scheduling based on EPDCCH is supported
· 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
[bookmark: _Ref363567898][bookmark: _Ref367350341][bookmark: _Ref370111837][bookmark: _Ref370203071][bookmark: _Ref377571746][bookmark: _Ref386564944][bookmark: _Ref386565146][bookmark: _Ref395083208]References
[bookmark: _Ref416440899][bookmark: _Ref409516346][bookmark: _Ref413672092]R1-152002 On Scheduling in LAA with Downlink and Uplink Transmissions, Ericsson
[bookmark: _Ref414111204][bookmark: _Ref416440909]R1-151131 Further Details on LBT Design in DL for LAA, Ericsson
image4.png




image1.emf
LBT

1 ms

Pcell

LAA


image2.png
LBT




image3.png




