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1. Introduction
In RAN1#80bis an agreement was reached to exclude the combination of cross-carrier scheduling for the downlink and self-carrier scheduling for the uplink [1].
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While combination 3 was deemed inappropriate by most companies, opinions were divided with regard to the other 3 possibilities. In this contribution we give our view on their positive and negative points.
2. Downlink scheduling
The main advantage of cross-carrier scheduling is that it simplifies the monitoring requirements for UEs, as they don't need to be constantly monitoring all possible LAA CCs. This constant monitoring may potentially be a very taxing exercise from a computational and energy consumption perspective if a large number of CCs are configured [2]. However, cross-carrier scheduling burdens the licensed band with having to signal DL scheduling for all the LAA carriers. This could be acceptable if the licensed band is considered as a sort of facilitator of LAA with multiple carriers, but the unreliability of the unlicensed band makes it desirable to have a more self-contained option for situations with heavy traffic and a narrow licensed band. In addition, extra effort may be needed for proper cross-carrier downlink scheduling when the eNB transmission start does not coincide with the start of the PCell subframe. 
On the other hand, self-scheduling adds very little overhead to the licensed band, but in exchange UEs need to be constantly monitoring not only the licensed band but also each of its configured LAA carriers. Self-scheduling is also a natural way to support the start of the LAA transmissions at positions others than the start of the PCell subframe.
Observation 1:

· For the downlink, both self-scheduling and cross-carrier scheduling present situational advantages and disadvantages.
3. Uplink scheduling
For uplink scheduling, self-scheduling is not a good alternative, as two separate LBTs would be required before a UE is able to transmit anything. First, the eNB needs to perform LBT to send the UE an UL grant. Then, the UE needs to perform a second UL grant before transmitting. This leads to very large drop rates in which a UE is scheduled but not able to transmit [3]. Some solutions have been proposed to mitigate this problem [4] [5], but none of them is free of specification impact.
Observation 2:

· For the uplink, self-carrier scheduling presents some issues that recommend the use of cross-carrier scheduling.
4. Combinations

As observed above, cross-carrier scheduling is the best available method for UL scheduling, while both cross-carrier scheduling and self-carrier scheduling are valid for the downlink. On that basis, RAN1 should adopt combinations 2 and 4 as the baseline for scheduling LAA CCs. 

However, under certain circumstances (for example, narrow band and heavy download traffic), it is desirable to be able to opt for a self-carrier scheduling in the DL. Combination 2 seems to be good for these cases, as it keeps the cross-carrier scheduling for the UL. Combination 1 gives support for these cases with very little specification impact, but it may lead to a high dropping rate of the LAA UL transmissions.
Proposal 1:

· Combination 2 and 4 are the baseline for scheduling LAA CCs.
5. Conclusion
In this contribution we discuss about the merits and demerits of self-scheduling and cross-carrier scheduling for both DL and UL, and we propose to adopt the identified combinations 2 and 4 as the baseline for LAA.
Observation 1:

· For the downlink, both self-scheduling and cross-carrier scheduling present situational advantages and disadvantages.

Observation 2:

· For the uplink, self-carrier scheduling presents some issues that recommend the use of cross-carrier scheduling.

Proposal 1:

· Combination 2 and 4 are the baseline for scheduling LAA CCs.
References

[1] Chairman's notes RAN1 #80bis, April 2015
[2] RP-150277, LTE Carrier Aggregation Enhancement Beyond 5 Carriers.

[3] R1-152109, Coexistence Evaluation Results for DL+UL LAA and DL+UL Wi-Fi, Ericsson

[4] R1-151523, Coexistence performance of DL/UL LAA, LG

[5] R1-151464, LAA UL Design, Kyocera[image: image2.png]



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








