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1. Introduction 
In the last RAN WG1 Meeting #84, the following agreement on the support of flexible timing UL scheduling was agreed [1].
[bookmark: _GoBack]
Agreements:
· 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.
In this contribution, we discuss necessary signaling to enable the three options agreed to be considered for flexible timing UL scheduling.
2. Signaling for flexible timing UL scheduling
Thanks to the agreement captured in Section 1, the flexible timing multi-subframe scheduling is supported for eLAA. The flexible timing refers that the timing relationship between UL grant and the scheduled PUSCH transmission can be flexible subject to the minimum required processing delay, i.e., 4 ms. The timing relationship is flexible such that both in-burst and cross-burst scheduling are possible. Figure 1 below illustrates the flexible timing cross-burst scheduling. The difference between Option 1 and Option 2 is whether a single UL grant can schedule multiple UL subframes or not. 



Figure 1. Cross-burst flexible timing UL scheduling (Option 1 and Option 2)

On the other hand, Option 3 allows a UL grant to be valid over multiple subframes to cope with the channel access uncertainty due to LBT.
If multiple flexible timing multi-subframe scheduling options are chosen to be supported for eLAA, separate DCI formats can be designed for each option. Alternatively, one DCI format may be reused for multiple scheduling options, since there is common information needed to be signaled for the options such as the timing relationship between the UL grant and the scheduled PUSCH. In the case when multiple scheduling options reuse one DCI format, a field indicating the used scheduling option is needed.
2.1. Option 1
With 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.
What needs to be signaled?
· In case of in-burst scheduling, the timing relationship between the UL grant and the first scheduled UL subframe needs to be indicated. The first scheduled UL subframe can be indicated by the subframe index within a frame. Alternatively, the time difference in number of subframes between when the UL grant is sent and the first scheduled UL subframe can be indicated. In either option, 4 information bits are needed to indicate the subframe index within a frame or the time different between the UL grant and the first scheduled UL subframe given the maximum 10 ms MCOT.
· In the case of cross-burst scheduling as illustrated in Figure 1, the first scheduled UL subframe may be indicated from the start of the scheduled transmission burst. For instance, it can be indicated by the number of subframes from the start of the next burst to the first scheduled UL subframe. To help UE distinguish the in-burst scheduling from cross-burst scheduling, one bit indication can be introduced.
· If N is consecutive, then the number of scheduled UL subframes is needed to be signaled. If the maximum number of subframes that can be consecutively scheduled is Nmax, then  number of information bit is needed for indication.
· If N is non-consecutive, then bitmap-based approach can be used to indicate the scheduled UL subframes. If bitmap is designed such that the bit location corresponds to the subframe index within a frame, then total 10 bits are needed, if the scheduling does not span over different transmission bursts. Alternatively, it is also possible that the bit location corresponds to the relative timing from the first scheduled UL subframe. The number of bits in this case depends on the maximum transmission burst length, which can be less than 10 bits.
· Since the scheduling for multiple future subframes are based on the same CSI available when the scheduling decision is made, MCS and precoding can be identically applied to multiple scheduled subframes. On the other hand, the HARQ process, RV, or RB assignment may be separately signaled for each scheduled UL subframe. 
Proposal 1: For Option 1, the timing of the first scheduled UL subframe needs to be indicated. Additionally, HARQ process, RV, or RB assignment need to be separately signaled for each scheduled UL subframe within the DCI. If N is consecutive, the number of scheduled subframes can be indicated. If N is non-consecutive, bitmap-based signaling can be used to indicate the scheduled subframes. 
Although scheduling non-consecutive subframes is technically not impossible, it induces more scheduling complexity and requires more information bits to indicate, while there is no apparent benefit.
Proposal 2: For Option 1, we propose to limit N to be consecutive.
2.2. Option 2
With 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. Thus, fundamentally the required functionally for a UL grant is not much different from the legacy UL grant except the flexible timing relationship between the UL grant and the scheduled UL subframe.
What needs to be signaled?
Similar to Option 1, the timing relationship between the UL grant and the scheduled UL subframe needs to be indicated. The scheduled subframe can be indicated by the subframe index within a frame. Alternatively, the time difference in number of subframes between when the UL grant is sent and the scheduled UL subframe can be indicated. In either option, 4 information bits are needed to indicate the information. In the case of cross-burst scheduling, the scheduled UL subframe may be indicated from the start of the scheduled transmission burst. For instance, it can be indicated by the number of subframes from the start of the burst to the scheduled UL subframe.
Proposal 3: For Option 2, the timing of the scheduled UL subframe needs to be indicated.
2.3. Option 3
With 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 candidate subframes depending on UL LBT outcome. In this option, the time duration over which the UL grant is valid needs to be signalled. The required information needed to be signalled is quite similar to that of Option 1.
What needs to be indicated?
· The timing relationship between the UL grant and the first valid UL subframe is needed to be signaled. The first valid UL subframe can be indicated by the subframe index within a frame. Alternatively, the time difference in number of subframes between when the UL grant is sent and the first valid subframe can be indicated. In either option, 4 information bits are needed to indicate the information.
· In the case of cross-burst scheduling, the first valid UL subframe may be indicated from the start of the scheduled transmission burst. For instance, it can be indicated by the number of subframes from the start of the burst to the first valid UL subframe.
· The time window during which the UL grant is valid is needed to be indicated. It can be indicated by the time difference in number of subframes between when the first and the last valid UL subframes. If the maximum window size is Nmax, then  number of information bit is needed for indication.
Proposal 4: For Option 3, the timing of the first valid UL subframe and the time window during which the UL grant is valid are needed to be indicated.
2.4. Overall comparison
Although Option 1 sounds attractive in the sense of enabling multi-subframe scheduling with single UL grant, the design of DCI for Option1 is challenging as the number of required bits can be quite large compared to the existing DCI formats. On the other hand, Option 3 will result in the waste of resources as the multiple subframes are reserved for single PUSCH transmission. Option 2 seems advantageous in that it requires minimal specification change other than the signaling of timing relationship between UL grant and the scheduled PUSCH transmission. Thus, the DCI for Option 2 may reuse the existing formats or can be easily designed by modifying the existing formats. Furthermore, the UE behavior is clear when LBT is failed for the multi-subframe scheduling as each grant indicates single PUSCH transmission.
Proposal 5: Among three options agreed to be considered, it is suggested to focus on Option 2 for further development of flexible-timing UL scheduling.

3. Conclusions
In this contribution, we discuss necessary signaling to enable the three considered options for flexible timing UL scheduling.
Proposal 1: For Option 1, the timing of the first scheduled UL subframe needs to be indicated. Additionally, HARQ process, RV, or RB assignment need to be separately signaled for each scheduled UL subframe. If N is consecutive, the number of scheduled subframes can be indicated. If N is non-consecutive, bitmap-based signaling can be used to indicate the scheduled subframes. 
Proposal 2: For Option 1, we propose to limit N to be consecutive.
Proposal 3: For Option 2, the timing of the scheduled UL subframe needs to be indicated.
Proposal 4: For Option 3, the timing of the first valid UL subframe and the time window during which the UL grant is valid are needed to be indicated.
Proposal 5: Among three options agreed to be considered, it is suggested to focus on Option 2 for further development of flexible-timing UL scheduling.
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