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1. Introduction 
The UL scheduling starvation problem had been identified and well documented in our companion contribution [1]. One cause of the problem is the fixed four subframe timing relationship between UL grant and PUSCH transmission due to LTE processing delay as illustrated in Figure 1.


Figure 1. Latency between UL grant and PUSCH

The ability to flexibly configure DL/UL subframes within a transmission burst is highly desirable to cope with dynamically changing DL/UL traffic concentration. However, the four subframe latency between UL grant and PUSCH transmission prevents the initial four subframes to be configured as UL subframe. 
In this contribution, the cross-burst scheduling is introduced along with the design details as one remedy to the referred UL scheduling starvation problem.
2. Cross-burst scheduling
Figure 2 below demonstrates the cross-burst scheduling concept. The key idea is that the DCI in the previous transmission burst can indicate the UL scheduling in the following transmission burst.



Figure 2. Cross-burst scheduling concept

In the following, we discuss further design details.
Proposal: We propose to adopt the cross-burst scheduling option for eLAA UL.

2.1. Design details
How to indicate?
Multiple design options are possible on how to indicate the UL scheduling for the following transmission burst(s). 
1. The DCI in one DL subframe can indicate the scheduling of one UL subframe in the following transmission burst. Although it is feasible, this option is less preferable since as many number of DL subframes in the preceding transmission burst is needed as the number of subframes that is desired to be configured as UL in the following transmission burst.
2. The DCI in one DL subframe can indicate the scheduling of multiple UL subframes in the following transmission burst. Figure 2 illustrates this option.  
3. The DCI(s) in one transmission burst can indicate the UL scheduling of multiple following transmission bursts. 
Proposal: We propose to further study on the method of cross-burst scheduling indication, if the cross-burst scheduling is adopted for eLAA UL.

What needs to be indicated?
With the cross-burst scheduling, the fixed timing relationship between UL grant and PUSCH transmission cannot be achieved. Since the start of the following burst itself is floating due to LBT, it is preferable to indicate the UL subframe(s) in the following transmission burst in relative time than in absolute time.  
1. If a UE is scheduled over multiple consecutive UL subframes in the following transmission burst, the starting UL subframe position and the number of consecutive UL subframes need to be indicated. The starting UL subframe position can be indicated via either the offset from the start of the burst or the offset from the last DL subframe of the burst. 
2. If a UE is scheduled over multiple non-consecutive UL subframes in the following transmission burst, the indication needs to be performed for each chunk of consecutive UL subframes according to 1).  
3. If a UE is scheduled over multiple transmission bursts, the indication needs to be performed for each transmission burst according to 1), if the UE is allocated over consecutive UL subframes within each transmission burst.
4. If a UE is scheduled over multiple transmission bursts, the indication needs to be performed for each chunk of consecutive UL subframes within each transmission burst according to 2), if the UE is allocated over non-consecutive UL subframes within each transmission burst.
When a UE is scheduled over non-consecutive UL subframes, predefining the allocation pattern to minimize the signaling overhead can be also considered. 
Proposal: We propose to further study on the information needed to be signaled to support the cross-burst scheduling, if the cross-burst scheduling is adopted for eLAA UL.

Dealing with error cases
When a cross-burst-scheduled UE misses a common PDCCH indicating the start of the scheduled transmission burst, it is possible that the UE may attempt to transmit in the next detected transmission burst, whose scheduling may not be identical to the one that the UE is aware of. In such a case, there could be more than one UEs simultaneously transmitting on the same resource. In the following, we discuss several options to prevent such error cases. 
1. The transmission burst ID is defined and included in the common PDCCH indicating the start of a transmission burst. The scheduled burst ID is also indicated to UEs when they are cross-burst-scheduled. 
2. N-bit toggling can be used instead of burst ID in 1) to reduce the signaling overhead.
3. As another option, the cross-burst scheduling grant can be set to expire after X msec outdated or, similarly, if the following transmission burst does not start within Y msec. 
Proposal: We propose to further study on how to deal with the error cases when the scheduled UE misses common PDCCH indicating the start of the scheduled transmission burst, if the cross-burst scheduling is adopted for eLAA UL.
3. Performance evaluation
3.1. Simulation assumption
General assumption:
· Unless otherwise stated, the evaluation methodology complies with TR 36.889 [2].
· Indoor scenario
· 1 unlicensed channel
· 20 UEs per operator
· FTP only traffic; 0.5 MB file size; DL:UL 50:50 traffic ratio 
LAA 
· DL LBT according to Release 13
· Single interval 25us CCA for UL LBT
· 8 msec MCOT
· 2x2 MIMO for DL; 1x2 MIMO for UL
Wi-Fi 
· Unless otherwise stated, Wi-Fi system is based on IEEE 802.11ac technology [3] 
· Short GI 
· 4 msec TxOP
· No RTS/CTS
· 2x2 closed-loop MIMO for DL; 1x2 open-loop MIMO for UL
3.2. Simulation Results 
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(a) UL UPT performance
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(b) DL UPT performance
Figure 3. Cross-burst scheduling performance

Result summary 
· With cross-burst scheduling, LAA UL performance is significantly improved. However, LAA UL performance still needs to be further improved when compared to Wi-Fi UL performance. 
· There is no impact on Wi-Fi or LAA DL performance.
Observation: The cross-burst scheduling can effectively improve the LAA UL performance with no negative impact on the coexisting Wi-Fi systems.
4. Conclusions
In this contribution, the cross-burst scheduling is introduced along with its design details. Performance evaluation verified the effectiveness of the cross-burst scheduling for improving LAA UL performance with no harmful impact on the coexisting Wi-Fi systems. Throughout the contribution, we draw the following proposals and observation.
Proposal: We propose to adopt the cross-burst scheduling option for eLAA UL.
Proposal: We propose to further study on the method of cross-burst scheduling indication, if the cross-burst scheduling is adopted for eLAA UL.
Proposal: We propose to further study on the information needed to be signaled to support the cross-burst scheduling, if the cross-burst scheduling is adopted for eLAA UL.
Proposal: We propose to further study on how to deal with the error cases when the scheduled UE misses common PDCCH indicating the start of the scheduled transmission burst, if the cross-burst scheduling is adopted for eLAA UL.
Observation: The cross-burst scheduling can effectively improve the LAA UL performance with no negative impact on the coexisting Wi-Fi systems.
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