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1 Introduction
In RAN1#84 meeting, some agreements about LAAUL scheduling were agreed:
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 (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.

Agreement:
· 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: Detail
Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· Working assumption: The minimum latency is 4ms

In this contribution, we discuss LAA UL scheduling scheme and analysis the candidate options for multiple subframes schedule in LAA UL.
2 Self-scheduling and Cross-carrier scheduling 
In general, LTE design supports two different scheduling approaches, i.e. cross-carrier scheduling and self-scheduling. The scheduling design needs some consideration for an LAA SCell due to the UL LBT requirements on an LAA SCell, which differs from previous LTE designs. 

For UL self-scheduling, the UL grant can be sent on the unlicensed carrier if the eNB has DL transmission opportunities in the DL subframes prior to UE’s PUSCH transmission. However, whether UE can transmit PUSCH corresponding to the UL grant is uncertain, depending on UL LBT’s result. Therefore, PUSCH transmission on LAA SCell subjects to both DL LBT and UL LBT in which UL transmission delay may be introduced. In order to improve PUSCH transmission probability, some UL LBT design can be considered, such as reserved PDSCH resource in the DL and/or fixed positions for UE’s UL CCA.  More details of UL LBT design can be found in our companion contribution [2]. 
For UL cross-carrier scheduling, an LAA SCell can be scheduled by either the licensed carrier or another unlicensed carrier. The latter was excluded in DL scheduling due to design complexity issue. For the same reason, we do not think the latter should be supported for UL cross-carrier scheduling as well. One obvious advantage of scheduling an LAA SCell from the licensed PCell is that UL grant would not depend on DL LBT. Thus UL grant transmission can be guaranteed. The corresponding UL transmission can be independent of DL transmission on LAA SCell. The trade-off is more PDCCH/EPDCCH burden in licensed carrier, especially when scheduling for multiple unlicensed carriers. One way to reduce the licensed carrier’s PDCCH/EPDCCH load is to consider one PDCCH/EPDCCH to schedule multiple subframes. 
Considering pros and cons of both self-scheduling and cross-carrier scheduling, these two methods should both be supported for LAA UL to compromise UL transmission probability and licensed carrier’s overhead. Dynamic switching among self-scheduling and cross-carrier scheduling can be implemented according to eNB CCA result to guarantee the DCI for PUSCH can be sent. However, if both self-scheduling and cross-carrier scheduling are configured at the same time, the UE need monitoring on multiple carriers and UE complexity increased. Some blind decoding enhancements to reduce the number of blind decoding effort can be considered. Such as, predefine aggregation level or CCE position of the DCI for LAA SCell.
Proposal 1: Cross-carrier scheduling from PCell should be supported for LAA Scell UL. Dynamic switching among self-scheduling and cross-carrier scheduling can be implemented according to eNB CCA result to guarantee the DCI for PUSCH can be sent.
Proposal 2: Some method to reduce the number of DCI blind decoding times such as predefine aggregation level or CCE position of the DCI for LAA SCell can be considered.
3 Multiple subframes scheduling 
We discuss candidate options for multiple subframes schedule in LAA UL below.
· Option1: 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.
In this case, a single grant is able to schedule several PUSCH subframes; hence, the same MCS and resource allocation can be applied to all PUSCH transmission. Therefore, the signalling overhead can be reduced when the number of scheduled UL subframes is increased. Besides, using one UL grant to schedule multiple continuous UL subframes can be considered. For example, eNB sends UL grant at subframe N to schedule PUSCH from subframe N+4 to N+7. If UL CCA is successful for subframe N+4, then UE can transmit PUSCH from subframe N+4 until N+7, i.e. continuous four UL subframes occupation if there is no new UE is scheduled during these four subframe. Therefore, the number of times UE UL CCA needs to be performed is reduced compared with single subframe scheduling. Otherwise, if UL CCA is a failure for subframe N+4, how to resolve the scheduling should be considered. For example, if eNB indicate subframe has blanked symbol(s), and then UE can go on performing CCA for subframe N+5, and so on. 
For this option, if the scheduled PUSCH is two consecutive subframes, the existing TDD configuration 0 supported scheduling two UL subframes from a single DL subframe can be reused. And it is more easily to extend such framework to allow more addressable UL subframes from a single DL subframe.  In this approach, multiple scheduled UL subframes or the duration need to be indicated to UE via signaling or predefined. 
However, as only one NDI bit in DCI format 0/4，the multiple scheduled UL subframes need to be bundled or share the same HARQ process，therefore, the scheduled TB may be restricted, some enhancement for DCI may be considered to support new TB and retransmission TB scheduled in one single grant, such as more NDI bits.
· Option2：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.
This option requires several DCIs to be transmitted to the UE in one DL subframe, and these DCIs  can be bear on one PDCCH with joint coding or multiple PDCCHs with separately coding, anyhow the signaling overhead is higher compared with option 1. These DCIs may be different，such as different MCS and resource allocation can be applied to all PUSCH transmission. This may make sense when N is non-consecutive or scheduled UL subframes belong to different TXOP in which the CSI is different and scheduling flexibility can be achieved.
This method can also reduced UL grant delay as option 1, and with large number of UL, UE PDCCH blind complexbilty increased. Besides, UL grant to corresponding PUSCH should inform to UE, especially flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH may be changed.  Some explicit signal in UL grant can be used or implicit method can be considered.
· Option3：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.
By having multiple candidates for PUSCH transmission, more CCA opportunity or the PUSCH transmission possibility can be improved, which in turn mitigate UL grant wasting. Besides, this approach would require some specification changes to determine the candidate UL subframes, e.g. including the starting UL subframe index, the gap between multiple candidates, and the number of candidates. The information of those multiple candidate subframes can be informed to UE by signalling, or predefined. 
Obviously, this option also has some disadvantages such as, UL resource of rest candidates UL subframes may be wasted especially if N is consecutive in which eNB has no time to adjust the allocation resource to other UEs. If N is non-consecutive, UL transmission delay may be introduced compared with option 1and option 2. 
Possible pros and cons analysis of different options are summarized in Table 1 below.

Table 1: Pros and cons analysis of different options of multiple subframes schedule
	
	Pros
	Cons

	Option 1
	· Overhead reduction for DCI
· UL schedule scheme as in TDD configure 0 can be reused for consecutive two-subframe scheduling
· Reduced UL transmission delay
	· Schedule flexibility  is limited

	Option 2
	· Scheduling flexibility can be achieved

· Reduced UL transmission delay
	· DCI overhead is not reduced

	Option 3
	· Improve UL access opportunity of each TB
	· If N is consecutive, UL resource may be wasted
· If N is non-consecutive, UL transmission delay may be introduced compared with option 1and option 2.


· Enhancement of the above options
From above analysis we can see each option has its own pro and cons, some enhancement of option 1 or some combination of above options maybe considered to compromise complexity, efficiency, and flexibility. For example, option 1 and 2 can be combined such that more HARQ process and/or NDI bits can be contained in the UL grant for improve the scheduling flexibility and the same MCS and resource allocation can be applied to all PUSCH transmission to minimize signalling overhead. Besides, combined option 1 and 3 can also be considered in one of the below methods.
Enhanced Options 1 

 eNB sends a UL grant at subframe n to schedule PUSCH from subframe n+4 to n+7. If UL CCA is failure for subframe n+4, and eNB indicate subframe has blanked symbol(s), then UE can go on performing CCA for subframe n+5, if  succeed, then UE can transmit PUSCH from subframe n+5 until n+8. The scheme can be seen in Figure 1.
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Figure 1:  An example of combined option 1 and 3
Enhanced Options 3 (or Option 1) 

Single UL grant in a subframe for a UE can enable the UE to transmit N (N(1) PUSCH transmissions for N subframes belonging one group of the multiple groups depending on UL LBT result, wherein each group contains N consecutive subframes.
An example is shown in Figure 2, which includes two groups, each comprising two subframes.

eNB sends a UL grant at subframe n to schedule two PUSCH at subframe n+k and n+k+1 belonging one group, or n+m+k and n+m+k+1 belonging another group. In this case, one UL grant can schedule two candidate discontinuous UL subframe groups. If UL LBT CCA succeeds for PUSCH transmission on subframe n+k, UE transmits PUSCH at subframe n+k and n+k+1; otherwise, another CCA can be executed for PUSCH transmission on subframe n+m+k, wherein, k is the interval between the uplink grant and the first group, m is the interval between each group.
When the m value is greater than or equal to 5, if the UE has transmitted the uplink data in the first group, the base station is able to reschedule the second group for other UEs to avoid wasting resources.
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Figure 2: An example of enhanced options 3 or option 1
· Multi-user multiplexing  in multiple subframes schedule
Multiple-subframe scheduling may result in more challenge to multi-user multiplexing in TDM. If one UE occupies multiple continuous UL subframes, it is difficult for other UEs to succeed in UL LBT, which in turn may reduce multiplexing efficiency.
For single subframe scheduling, every PUSCH subframe should contain blanked symbol(s) for multiplexing different UEs in the following subframe. For multiple subframes scheduling, considering the unnecessary overhead of scheduled consecutive subframes, eNB can dynamic indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission.
Proposal 3: option 1 can be considered as the baseline for multi-subframe scheduling design. Some enhancement, such as option 2 or option 3 can also be considered to improve the schedule flexibility and transmission possibility.
Proposal 4: eNB can dynamic indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission.
4 Conclusion
In this contribution, we discuss UL self-scheduling and cross-carrier scheduling, and give some analysis on the candidate options for multiple subframes schedule. We have the following proposals:
Proposal 1: Cross-carrier scheduling from PCell should be supported for LAA Scell UL. Dynamic switching among self-scheduling and cross-carrier scheduling can be implemented according to eNB CCA result to guarantee the DCI for PUSCH can be sent.
Proposal 2: Some method to reduce the number of DCI blind decoding times such as predefine aggregation level or CCE position of the DCI for LAA SCell can be considered.
Proposal 3: option 1 can be considered as the baseline for multi-subframe scheduling design. Some enhancement, such as option 2 or option 3 can also be considered to improve the schedule flexibility and transmission possibility.
Proposal 4: eNB can dynamic indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission.
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