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1
Introduction
In current LTE UL, there is a 4ms delay between the reception of the UL grant and UL transmission on the licensed carrier. However, due to the unlicensed nature of transmission, there is a limit on the total amount of time that the medium can be occupied. For example, LAA Rel-13 specifies a maximum TxOP duration of 8ms while ETSI BRAN is currently discussing a TxOP duration of 6, 8 or 10ms. We note at this juncture that 8ms and 10ms may be available for an eNB when some TBD conditions are satisfied. In addition, each UE may need to perform at least a short LBT before transmitting on the medium and medium access may have to be synchronized to the subframe boundary introducing additional restrictions for UL transmissions.

In RAN#84, the following was agreed with further details to be discussed in RAN#84bis. 

Agreement on UL scheduling:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.

· FFS: Details

Agreement on UL 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 (N(1) 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.

In RAN1#84bis, the earlier working assumption of a minimum of 4ms latency between UL grant and corresponding PUSCH transmission was confirmed. In addition, 

In this document, we discuss various aspects of scheduling UL transmissions in LAA. 
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Paused TxOPs and multi-TTI scheduling
A 4ms scheduling delay can impose significant constraints on UL scheduling and maximum UL capacity. One potential solution to overcome the constraints imposed by the 4ms scheduling delay for UL is to introduce the notion of a paused TxOP. In a paused TxOP, the DL transmission lasts less than 4ms and the UL part of the TxOP is restarted at a later duration by the UEs when there is sufficient gap between the reception of the DL grant and the current subframe. This ensures that even in scenarios with UL heavy traffic, UL traffic can be transmitted by the UEs by efficiently utilizing the TxOP. 
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Figure 1: Paused TxOP and multi-TTI scheduling enable efficient scheduling in UL heavy scenarios. UE performs 25us LBT to obtain medium access
When using multi-TTI grants, each DL subframe can schedule more than one UL subframes and thus this enables a smaller number of DL subframes to schedule a larger number of UL subframes. Such a scheduling operation can be considered as a generalization of the multi-TTI grants used for scheduling in TDD frame format 0, where some DL subframes may schedule up to 2 UL subframes. As shown in Figure 1, support of multi-TTI scheduling and paused TxOP can enable efficient scheduling in UL heavy scenarios. 

The LBT procedure to be used at the UE is a function of whether the sum total duration of the immediately preceding DL transmission and UL transmission is smaller than the MCOT limit. For example, in Figure 1, the gap between DL and UL transmissions can be about 2ms and the total duration of DL and scheduled UL transmissions is 6ms. Hence these transmissions would fall within the TxOP constraints for best effort traffic and it is sufficient for the UE to perform 25us LBT to obtain the channel for each of the 4 subframes. 
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Figure 2: UE performs Cat 4 LBT to obtain medium access 

In scenarios where the sum total duration of DL and UL transmissions exceeds the TxOP duration, the UE may perform Cat 4 LBT to access the medium. 
In both the scenarios, the timing of the UL transmission is known (based on the signalling in the UL grant for example) and is fixed and if the UE does not succeed in medium access, the transmission on that subframe is dropped. 
Note that such grants may either be transmitted using self-scheduling or cross-carrier scheduling. 

However, as can be seen from Figure 1 and Figure 2, there can be a gap of several ms between DL and UL transmissions during which other nodes can occupy the medium. This denies the UEs the opportunity to efficiently utilize the UL subframes when there are several contenders for the channel.
Proposal

1. Support paused TxOP with a single maximum gap of “4ms or greater” between end of one DL transmission and the start of a scheduled UL transmission.
Proposal 2: Support multi-TTI scheduling in LAA

2. One subframe contains multiple UL grants for PUSCH in different subframes

3. One subframe contains a single UL grant which schedules PUSCH in multiple subframes

4. Combination of the above options wherein a subframe contains multiple UL grants each of which can schedule PUSCH in multiple subframes
3
Cross-TxOP scheduling

3.1
Concept
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Figure 2: Cross TxOP scheduling demonstrating the full utilization of UL resources in various UL traffic scenarios.

An alternative scheduling strategy to enable flexible UL scheduling is have the eNB schedule UL transmissions from an earlier TxOP. As shown in Figure 2, cross TxOP scheduling enables the eNB to pre-schedule UL transmissions from an earlier TxOP and thus circumvent the constraints due to the 4ms scheduling delay and also avoids the issues with a paused TxOP. This implies that the timing of UL transmission is floating around and is a function of the next detected DL transmission. 

The detected DL transmission can include a trigger mechanism which indicates

1. Whether the UE may transmit on the UL. 

2. If triggered, when should it transmit on the UL.

The trigger may be UE specific or cell-specific for all the UEs in the cell. The UEs may then perform 25us LBT or Cat 4 LBT for channel access as indicated by the eNB in its grant or as part of the trigger mechanism. 
3.2
UE implementation and constraints

The trigger based cross-TxOP scheduling consists of two key components

1. UL grant which is transmitted at least 4ms is advance which contains all the information which is needed to construct the packet at the UE. Note that this grant should also include whether UE needs to carry CSI multiplexing with PUSCH. 

2. Trigger at least 2 subframes earlier than UL transmission to enable the UE decode and process the trigger and construct the physical layer waveform including subframe specific components such as scrambling, DMRS generation etc.

Note that for Rel-13 implementation, UE does not have buffer UL packets as the timeline of transmission is known well in advance. However, with the proposed cross-TxOP transmission, the UE may have to buffer multiple encoded UL packets as the trigger subframe may give the UE only 2ms of time to process the trigger and then process the buffered encoded packet into a physical layer waveform. 
RAN1 should further discuss the how this feature may be enabled without significant increase in memory and complexity at the UE side. 

Proposal

1. Support cross-TxOP scheduling with triggered grants enabling UL transmission with fast turnaround time 
2. RAN1 to further discuss how to enable this feature without significant increase in memory and complexity at the UE side. 
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Conclusions
Proposal

1. Support paused TxOP with a single maximum gap of “4ms or greater” between end of one DL transmission and the start of a scheduled UL transmission.
2. Support multi-TTI scheduling in LAA

a. One subframe contains multiple UL grants for PUSCH in different subframes

b. One subframe contains a single UL grant which schedules PUSCH in multiple subframes

c. Combination of the above options wherein a subframe contains multiple UL grants each of which can schedule PUSCH in multiple subframes
3. Support cross-TxOP scheduling with triggered grants enabling UL transmission with fast turnaround time
a. RAN1 to further discuss how to enable this feature without significant increase in memory and complexity at the UE side. 
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