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At the RAN1 #84bis meeting, the multiple subframe scheduling of PUSCH on LAA SCell to reduce the PDCCH/EPDCCH overhead was discussed and following agreements were achieved:

Agreements:
· DCI format(s) to schedule PUSCH transmission in k<= N subframes with single TB per subframe or two TBs per subframe 
· Value(s) of N is FFS
· Value N is either semi-statically configured or hard-coded, to be further decided
· DCI format(s) will have the following scheduling information types:
· Type A: common to all the scheduled subframes (appearing only once in a DCI)
· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index
· Type B: subframe specific information (appearing N times for N subframes scheduling)
· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
· FFS details of scheduling timing indication, and whether it’s type A or type B
· FFS: Type C: applied only to one of the scheduled subframes (appearing only once in a DCI)
· CSI request, SRS request, TPC
· Note: there are maybe other information fields in DCI, to be decided later
· Note: the DCI formats here may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH

Agreements:
· Confirm the working assumption
· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)

Besides, during Rel-13 LAA SI, following observations regarding PUSCH scheduling design for LAA SCell were also made [1].
Observations:
· Following possible scheduling combinations for a LAA CC are identified:
· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling
· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
· Continue study until RAN1 #81 meeting considering above combinations except for combination 3
· FFS: Combine multiple combinations

In this contribution, we provide the detailed considerations for multiple subframe scheduling for eLAA. The DL and UL scheduling combination is also discussed.
Multiple subframe scheduling for eLAA
[bookmark: _GoBack]In legacy UL transmission, usually one DL subframe could only schedule one UL subframe via the UL grant. While this kind of scheduling mechanism has low transmit efficiency for LAA UL transmission due to multiple LBT attempts and multiple UL grants required for UL transmission in multiple subframes. On the other hand, in the purpose of DCI payload size reduction of the UL grant of multiple subframe scheduling, it is agreed that some of the scheduling information in the UL grant is common to all the scheduled subframes (Type A), e.g. resource assignment, and some should be multiple times according to the number of scheduled subframes (Type B), e.g. NDI. In this section, we would like to provide our views on the remaining scheduling information, such as HARQ process ID and RV.  
Number of scheduled subframes  
First, the information of number of scheduled subframe (N) should be common per UL grant for multiple subframe scheduling. Furthermore, eNB should have the flexibility to schedule single subframe or multiple subframe according to practical situation. Supporting single subframe scheduling in the framework of DCI design of multiple subframe scheduling could reduce the UE blind decoding complexity if the DCI size for multiple subframe scheduling is fixed regardless of the number of scheduled subframes. Thus the the minimum number of N should be 1, as N_min = 1. On the other hand, the maximum number of N depends on the maximum MCOT allowed for LAA UL transmission. The MCOT for UL transmission could be either initiated by Cat.4 LBT at UE or shared by eNB. 
Considering the indication field of number of scheduled subframes, 2 bits of the field is enough. The values in the entities of this field could be down selected between N_min and N_max.      
Proposal 1: Number of scheduled subframes should be in range of N_min = 1, N_max = max MCOT of UL. 2 bits size for indication field in DCI could be supported.     
Consecutive/non-consecutive and subframe timing 
As one of the intentions of multiple subframe scheduling is to reduce the LBT attempts at UE sides, so it is better that the scheduled subframe is consecutive. Considering the subframe timing of the scheduled consecutive subframes, UE can assume that the first subframe of the scheduled consecutive UL subframes is fixed as 4ms. Thus explicit subframe timing indication is not needed. Another alternative is allowing the timing of first scheduled subframe larger than 4ms. eNB just indicates the timing offset from 4ms for the first scheduled subframe. For example, if offset is 2 and N=4, scheduled subframes are n+6, n+7, n+8 and n+9. It helps to improve the scheduling flexibility for LAA UL.   
Proposal 2: Multiple subframe scheduling for consecutive subframes could be enough. Fixed 4 ms timing or configurable timing larger than 4 ms for the first scheduled subframe could be supported. 
HARQ process ID 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the email discussion [2], most of the companies prefer that there are total 16 HARQ processes. In this case, 4 bits are needed to indicate a HARQ process ID. In the purpose of reducing the DCI payload size, eNB could only indicate the HARQ process ID of the first scheduled UL subframe. HARQ process IDs of follow-up scheduled subframes could be derived based on the increment rule. 
To improve the schedule flexibility in multiple subframe scheduling to re-transmit some of the HARQ process, which may due to either decoding failure or LBT failure, many approaches can be considered. One of the approaches is enabling UE to detect more than one multiple subframe scheduling DCI in one subframe. Another approach is that eNB could schedule a single subframe for re-transmission. The UL grant for single subframe scheduling could be sent in separated subframe or same subframe with other multiple subframe scheduling grants.  
Proposal 3: Indicate HARQ process ID for the first scheduled subframe. HARQ process IDs of other scheduled subframes are derived by a given rule, e.g. incremental of HARQ process ID by subframe.    
RV 
It is already agreed that NDI information should be explicit indicated for each TB/subframe, then UE could know whether it is new transmission or re-transmission for a scheduled TB/subframe. Then a 2-bit field or two 2-bit fields are needed for explicit indicating RV of one HARQ process with one TB or two TBs. Explicit RV indication for each TB will increase the DCI payload size. E.g. For a multiple subframe scheduling grant for 4 subframes with two TBs of each subframe, 16 bits are needed for RV indication. 
In order to reduce the DCI payload size, no explicit RV indication could be considered. UE determines the RV value based on a pre-define order according to NDI indication. In specific, RV0 could be assumed in case of new transmission while RV value of re-transmission could be based on predefined order such as 0-2-3-1.  
For the issue of RV synchronization between eNB and UE in the case of LBT failure or UL grant missing, eNB could judge whether the RV need to be changed by DTX detection on reference signals or LBT failure/succeed signaling reported from UE [3] in licensed carrier.        
Proposal 4: No explicit RV value is indicated in UL grant. UE determines the RV value based on a pre-define order according to NDI indication.  
Scheduling combinations for DL+UL LAA
According to the agreements made in Rel-13 LAA SI, we have following three possible scheduling combinations for DL+UL LAA.
· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
It is straightforward to support at least option 1 and 3 since these mechanisms are already covered by current CA framework. However, in case with LAA SCell, each of these options has some restrictions due to LBT-based operation on LAA SCell. 
In option 1, i.e., self-scheduling for both DL and UL, PUSCH transmission would require LBT success twice, one is DL LBT for UL grant transmission and another is UL LBT for scheduled PUSCH transmission. In addition, due to at least 4 ms delay between UL scheduling and transmission, eNB may need to keep the channel even after sending UL grant and need to stop its DL transmission just before scheduled UL subframe with appropriate time margin for UL LBT. Otherwise, the scheduled UL transmission would fail due to channel access of other LAA/Wi-Fi node as shown in Figure 1 (a).
In option 3, i.e., cross-carrier scheduling for both DL and UL, when eNB prepares DL grant for possible first subframe of DL transmission burst, eNB has not yet obtained a channel access right for the DL transmission burst. According to the agreement in Rel-13 LAA, UE receiving cross-carrier DL grant assumes the presence of corresponding PDSCH but it may not be present actually as shown in Figure 1 (b). Then, unnecessary NACK reporting will be performed by UE. In addition, for ending partial subframe, common DCI on LAA SCell needs to be monitored even when cross-carrier scheduling is applied to LAA SCell.
Compared with above two options, option 2 can relax both of above issues in option 1 and 3, and hence option 2 seems the most promising scheme for DL+UL LAA. Possible concern on option 2 is the increase of blind decoding effort due to monitoring on multiple carriers. However, if monitoring on multiple carriers is applied, dynamic switching between self-scheduling and cross-carrier scheduling would be beneficial since an appropriate scheduling scheme would be different on a case-by-case basis. For example, DL self-scheduling would be appropriate for the former subframes of DL transmission burst while DL cross-carrier scheduling can be used for the latter subframes of DL transmission burst. For the blind decoding reduction, some mechanisms supported in Rel.13 eCA, can be re-used for eLAA. Furthermore, it is beneficial to support splitting the DL and UL scheduling cell and dynamic switching option for blind decoding reduction.
Proposal 5: Support following three scheduling combinations for DL+UL LAA.
· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
Proposal 6: Support dynamic switching between self-scheduling and cross-carrier scheduling for both DL and UL LAA.
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Figure 1: Possible scheduling issues due to LBT busy
Conclusion 
In this contribution, we have discussed on UL scheduling design for eLAA. We made the following proposals. 
Proposal 1: Number of scheduled subframes should be in range of N_min = 1, N_max = max MCOT of UL. 2 bits size for indication field in DCI could be supported.     
Proposal 2: Multiple subframe scheduling for consecutive subframes could be enough. Fixed 4 ms timing or configurable timing larger than 4 ms for the first scheduled subframe could be supported. 
Proposal 3: Indicate HARQ process ID for the first scheduled subframe. HARQ process IDs of other scheduled subframes are derived by a given rule, e.g. incremental of HARQ process ID by subframe.    
Proposal 4: No explicit RV value is indicated in UL grant. UE determines the RV value based on a pre-define order according to NDI indication.  
Proposal 5: Support following three scheduling combinations for DL+UL LAA.
· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
Proposal 6: Support dynamic switching between self-scheduling and cross-carrier scheduling for both DL and UL LAA.
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