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1. Introduction 
It was identified that LAA UL can experience significant performance degradation as documented in [1]. One of the causes of the poor UL LAA throughput is the fixed four subframe timing relationship between UL grant and PUSCH transmission due to LTE processing delay. To alleviate the UL performance issue, the cross-burst scheduling has been identified as a potential solution. In cross-burst scheduling, transmission of DCI in the previous transmission burst can indicate the UL scheduling in the following transmission burst to minimize the impact due to UL grant latency. In [2], system-level simulations suggesting potential improvements in the UL LAA performance with cross-burst scheduling are presented. 
In RAN1-#84, following agreements have identified that enable the cross-burst scheduling. 
•        For eLAA, flexible timing between UL grant and UL transmission is supported
•        For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered
–       Option 1) Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
•        FFS: N is consecutive or non-consecutive
–       Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
–       Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
–       FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.
2. Cross-burst scheduling design details 
In the following, we discuss further design details for cross-burst scheduling. 
2.1. Methods for enabling cross-burst scheduling: 
Cross-burst scheduling can be supported with and without fixed timing relationship between UL grant and PUSCH transmission. 
1) With fixed timing relationship between UL grant and PUSCH transmission: 
In this option, eNB indicates the subframes via explicit timing relationship with respect to UL grant over which eNB is expecting PUSCH transmission. This method is an extension of the legacy LTE operation with multi-subframe scheduling. Before the transmission of PUSCH, scheduled UE performs Cat 4 LBT if the PUSCH transmission is outside of the transmission burst containing UL grant. In this method, first subframe within a transmission burst can be uplink subframe.  


Figure 1: An illustration of cross-burst scheduling with fixed timing relationship between UL grant and PUSCH transmission.
2) Without fixed timing relationship between UL grant and PUSCH transmission:
In this option, uplink grant indicates the subframes relative to the start of each transmission burst over which eNB is expecting PUSCH transmission from the UE. eNB indicates the start of each transmission burst by transmitting CPDCCH. UE infers the subframes over which PUSCH transmission may be performed based on the CPDCCH and the UL grant. eNB performs Cat 4 LBT before the transmission of CPDCCH, while UE performs single interval LBT before PUSCH transmission. The potential transmission instant of PUSCH is floating with respect to the UL grant. For this option, the first subframe of each transmission burst should be a DL subframe to enable transmission of the CPDCCH. 



Figure 2: An illustration of cross-burst scheduling without fixed timing relationship between UL grant and PUSCH transmission. 
Proposal 1: We propose to support cross-burst scheduling with and without fixed timing relationship between UL grant and PUSCH.  
2.2. Indicating cross-burst scheduling:
Multiple design options are discussed in RAN1-#84 on how to indicate the UL scheduling for the following transmission burst(s). The DCI in one DL subframe can indicate the scheduling of multiple UL subframes in the following transmission burst. Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N (consecutive or non-consecutive) subframes with single PUSCH per subframe via multi-subframe scheduling. 
With multi-subframe scheduling, the DCI size for the UL grant increases significantly as more information is required in a single grant. For consecutive subframe scheduling, eNB may indicate the starting subframe (via offset from the UL grant or offset from the start of following transmission burst) and the number of subframes over which UL grant is valid. With non-consecutive option, eNB needs to indicate the starting and ending subframe position of each discontinuous allocation in the grant. In this regard, we prefer to limit the multi-subframe scheduling to consecutive subframes. 
Proposal 2: Single UL grant in a subframe for a UE can schedule consecutive N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe.
When fixed timing relationship between UL grant and PUSCH can be guaranteed, the eNB may indicate the offset with respect to UL grant and the number of consecutive subframes for which the UL grant is valid.
When the fixed timing relationship between UL grant and PUSCH transmission cannot be achieved and the start of the following burst itself is floating due to LBT, the UL subframe(s) in the following transmission burst are indicated in relative time. 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.
UE is required to determine which LBT should be performed depending on the cross-burst scheduling method (with or without fixed timing relationship). eNB can explicitly indicate the type of LBT to be performed for PUSCH transmission by UL grant (e.g. short LBT or Cat 4 LBT). Based on the LBT method indicated in the UL grant, UE can infer the type of cross-burst scheduling used for PUSCH transmission. 
Proposal 3: eNB indicates the type of LBT performed by UE (e.g. single interval or Cat 4 LBT) before PUSCH transmission. 
2.3. LBT design
In this section, we clarify the UE LBT operation when UE is scheduled with explicit timing relationship.
As explain in our companion contribution [3], all scheduled UEs outside of the transmission burst should perform Cat 4 LBT to guarantee fair co-existence with incumbent systems such as Wi-Fi.  
As design choice, Cat 4 LBT may be performed only by the UEs that are scheduled at the front of the burst, while other UEs perform short LBT (e.g. single interval LBT). With respect to Figure 3, this corresponds to UE1 performs Cat 4 LBT, while UE2 performs single interval LBT. This situation can be problematic, if UE1 is not able to complete LBT, while UE2 performs only single interval LBT. Thus we propose that all UEs scheduled with cross-burst scheduling with explicit timing relationship should perform Cat 4 LBT. The parameters for the Cat 4 LBT to be used are based on the priority class associated with the traffic scheduled for the UE. UE autonomously updates the contention window based on errors in PUSCH transmission using the RV version indicated by the UL grant. UE may start Cat 4 LBT right after detection of the UL grant. After completion of LBT, UE performs self-deferral until the start of scheduled UL subframe. If UE is not able to complete LBT for the scheduled subframes within the MCOT, the UE may resume the LBT for any future cross-burst unless otherwise indicated by eNB. The UE should restart LBT procedure if no scheduled UL subframe within cross-burst is indicated by eNB for duration of X ms (FFS).


Figure 3: An illustration of the LBT operation at UE when UE is scheduled outside transmission burst with explicit timing relationship
Proposal 4: All UEs scheduled with cross-burst scheduling with explicit timing relationship should perform Cat 4 LBT. The parameters for the Cat 4 LBT to be used by UE are based on the priority class associated with the traffic to be send on PUSCH. 
When UE is scheduled without explicit timing relationship, UE performs single interval LBT before PUSCH transmission. 
2.4. Additional considerations
Additional considerations are needed when UE is scheduled with cross-burst scheduling without explicit timing relationship. When a cross-burst-scheduled UE misses a CPDCCH 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 5: 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. 
3. Conclusions
In this contribution, additional details of cross-burst scheduling are provided. Throughout the contribution, we draw the following proposals.
Proposal 1: We propose to support cross-burst scheduling with and without fixed timing relationship between UL grant and PUSCH.  
Proposal 2: Single UL grant in a subframe for a UE can schedule consecutive N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
Proposal 3: eNB indicates the type of LBT performed by UE (e.g. single interval or Cat 4 LBT) before PUSCH transmission. 
[bookmark: _GoBack]Proposal 4: All UEs scheduled with cross-burst scheduling with explicit timing relationship should perform Cat 4 LBT. The parameters for the Cat 4 LBT to be used by UE are based on the priority class associated with the traffic to be send on PUSCH. 
Proposal 5: 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. 
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