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Introduction
In RAN1#84bis, multiple-subframe scheduling was agreed [1].
 (
Agreement
:
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
)

Furthermore, in the email discussion [84b-04] after RAN1#84bis, the following agreements were made.
 (
<Agreements>
MSF(
multi-subframe scheduling) DCI at least includes the following information (in addition to previous agreements)
Scheduled subframes per MSF
FFS: details of how to decide/indicate scheduled subframes
common
 MCS value for all the scheduled subframes
UL TPC per MSF
UL TPC applies for all subframes non-cumulatively in both accumulated and absolute modes
SRS triggering per MSF
Starting PUSCH DFT-S-OFDM symbol
FFS for details
Ending PUSCH DFT-S-OFDM symbol
FFS for details
Subframe timing for PUSCH transmission
FFS for details
FFS: LBT type (e.g., 25us LBT or Cat4 LBT, CWS, etc.)
FFS: details of 
signaling
 (e.g. joint coding to reduce the number of bits) for the above information
<Working assumption>
For LAA uplink, and for a given PUSCH TM, UE doesn’t need to detect MSF DCIs with different payload sizes for each TM.
FFS: configurability of maximum number of subframes where a MSF DCI can schedule
For LAA uplink with single codeword, maximum number of HARQ processes = 16 are supported
For LAA uplink with two 
codewords
, supportable number of HARQ processes is doubled without introducing explicit HARQ process IDs. The same principles of handling two 
codewords
 in DL scheduling are applied for UL scheduling
)
In this contribution we provide our views on downlink control information (DCI) format design for multiple-subframe scheduling for License-assisted access Uplink (LAA UL). 
The number of subframes scheduled by UL grant(s) per DL subframe
In RAN1#84bis, it was agreed that DCI format(s) to schedule PUSCH transmission in k<=N subframes with single transport block (TB) per subframe or two TBs per subframe would be adopted. In Rel-13 LAA, eNB’s maximum channel occupancy time (MCOT) is defined. The MCOT value depends on channel access priority class, and the maximum value of the MCOT is either 8ms or 10ms. Given that the same channel access priority classes as LAA DL can be used for UL transmission, it is natural to support up to 10ms transmission by a single UE. Therefore, the maximum number of subframes scheduled by UL grant(s) in a DL subfame should be 10. To design the maximum value of N, the number of UL grants per DL subframe should also be considered. For example, given that the UE can decode only one UL grant per DL subframe, the maximum value N_max should be 10. In this case, DCI format size may increase, though the DCI format size should not change dynamically. Assuming the case of DL traffic only for a given UE, the eNB may still need to schedule a few PUSCH for HARQ-ACK reporting. In this case, N=10 may cause unnecessary overhead. To minimize overhead, some configurability of the N value should be considered. On the other hand, given that the UE can decode more than one UL grant per DL subframe, the maximum value N_max can be smaller, and the configurability may not bring much benefit.
Proposal 1:
· The maximum number of subframes scheduled by UL grant(s) in a DL subfame should be 10. For example:
· N_max = 10, if only one UL grant per DL subframe,
· Some configurability of the N value should be considered to minimize overhead.
· N_max = 5, if up to two UL grant per DL subframe.

Information fields
In RAN1#84bis, information types in the DCI format to schedule PUSCH transmissions in multiple UL subframes were classified as follows.
· Type A: common to all the scheduled subframes,
· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index
· Type B: subframe specific information, and
· NDI
· Type C: applied only to one of the scheduled subframes.
The agreement already captured the type of several information fields such as carrier indicator and NDI. RAN1 should decide the types of the other information fields, e.g. MCS, redundancy version, HARQ process number, scheduling timing indication or equivalent, as well as CSI request, SRS request and TPC command.
RV
When Redundancy Version (RV) are designed, it should also be discussed how to treat with the PUSCH which is scheduled by the eNB but is not transmitted because of UL LBT failure. To be more specific, such kind of non-transmitted PUSCH should be recognized by the UE as an initial transmission, since the eNB might not know UL LBT results. In this instance, the PUSCH retransmissions may occur much more frequent compared to non LAA cells. Moreover, although any RV change mostly makes sense to obtain coding gain in non LAA cells, the RV should be chosen more carefully in LAA cells. The reason is that the some RV may not improve performance, since the initial PUSCH detection errors are more likely to be caused by non transmission of the PUSCH due to UL LBT rather than just the lack of SINR. To maintain the flexibility of retransmission and to obtain the coding gain due to HARQ retransmission, RV should be indicated per scheduled PUSCH.
HARQ process number
HARQ process number indication per scheduled PUSCH may provide more flexibility on scheduling. On the other hand, the benefit may be affected by some other aspects such as the number of UL grants per DL subframe and N_max. To be more specific, when the number of UL grants per DL subframe is small and the value of N_max is also small, the benefit may increase. Meanwhile, if the maximum number of subframes scheduled by UL grant(s) in a DL subfame is many enough (e.g. 8 or 10 UL subframes), a single HARQ process number field could be sufficient.
CSI request and SRS request
As discussed above, resource allocation and MCS should be common among the scheduled PUSCH. Therefore, multiple CSI reports are not necessary. By the same reason, a single SRS transmission within the time duration among UL subframes scheduled by an UL grant is sufficient. On the other hand, some additional information to have some flexibility on CSI reporting/SRS transmission timing may be beneficial.
Blanked symbol
In RAN1#84bis, it was agreed to support dynamic signaling for indicating whether PUSCH in a UL subframe is transmitted from start of DFTS-OFDM symbol 0 or start of DFTS-OFDM symbol 1 and also indicating whether PUSCH in a UL subframe is transmitted up to OFDM symbol 13 or OFDM symbol 12. This signaling should be included in the UL grant. Otherwise, the UE has to successfully detect both the UL grant and this signaling so that the UE knows the scheduled PUSCH structure and the corresponding LBT timing. Detailed signal design should be discussed taking into account UL LBT parameters, e.g. the maximum MCOT length, contention window size and so on.
Proposal 2:
· Each field is classified as follows:
· Type A: common to all the scheduled subframes,
· 
· Type B: subframe specific information, and
· RV, NDI
· Type C: applied only to one of the scheduled subframes.
· CSI request, SRS request (with position indication)

Support of a single PUSCH scheduling 
The DCI format supporting multi-subframe scheduling should also support a single PUSCH scheduling. There is no need to introduce additional DCI format specific to the single PUSCH scheduling. Basically, if a UE is not configured with that DCI format, the UE should assume the existing DCI format such as DCI format 0 and DCI format 4 (if transmission mode 2 is configured). When configured, the UE should monitor the new DCI format(s) (e.g. DCI format 0A and DCI format 4A (if transmission mode 2 is configured)), and the existing DCI format 0 and 4 are no longer monitored.
Proposal 3:
· New DCI format supporting multi-subframe scheduling also support a single subframe scheduling.
· A UE configured with the new DCI format does not have to monitor DCI format 0/4.

Conclusion
In this contribution, we propose the following: 
Proposal 1:
· The maximum number of subframes scheduled by UL grant(s) in a DL subfame should be 10. For example:
· N_max = 10, if only one UL grant per DL subframe,
· Some configurability of the N value should be considered to minimize overhead.
· N_max = 5, if up to two UL grant per DL subframe.
Proposal 2:
· Each field is classified as follows:
· Type A: common to all the scheduled subframes,
· 
· Type B: subframe specific information, and
· RV, NDI
· Type C: applied only to one of the scheduled subframes.
· CSI request, SRS request (with position indication)
Proposal 3:
· New DCI format supporting multi-subframe scheduling also support a single subframe scheduling.
· A UE configured with the new DCI format does not have to monitor DCI format 0/4.
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