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1. Introduction 
In RAN1#84bis, following agreements on DCI design for scheduling PUSCH transmissions over multiple subframes were made: 
	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


In the email discussion following agreements are reached: 
	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 discuss the eLAA DCI design aspects that are related to the FFS discussion points in the agreement. 
2. DCI design 
In this section, we consider the design of eLAA DCI that enables multi-subframe scheduling for up to N subframes. It has been agreed that parameters such as carrier indicator, resource assignment, cyclic shift for DM RS and OCC index, SRS trigger, UL TPC are signaled per MSF DCI. It has also been agreed that NDI is indicated separately for each scheduled subframe. It has also been agreed that MCS is common to all scheduled subframes. Below we discuss the FFS details for indicating HARQ and RV values. We also discuss additional signaling required for LBT indication before PUSCH transmission.  
2.1. HARQ indication 
The indication of HARQ process ID is one of the most controversial issue in the design of MSF DCI. If HARQ process ID is indicated only once per MSF DCI, the HARQ process ID for a single (e.g. first scheduled) subframe and HARQ process IDs for other subframes can be derived by a given rule, e.g. by incrementing the HARQ process-ID for each subsequent scheduled subframe. On the other hand, the HARQ processes ID can be also indicated per scheduled subframe. This method provides flexibility in the eNB scheduler implementation. Due to more dynamic interference environment than licensed carriers, different subframes within the UL burst may suffer from significantly different level of interference power, which will results in more decoding failures at the eNB. We thus prefer to indicate HARQ process ID separately for each subframe to efficiently schedule the intermittent lost TBs. 
Proposal 1: HARQ processes ID is indicated as subframe specific information. 
2.2. RV indication 
Following two options are considered for RV indication. 
1) RV value is indicated per scheduled subframe (Type B).
2) UE determines the RV value based on a pre-defined order according to NDI indication (no RV indication). This option may have problems if one of the DCI is incorrectly received and UE may infer incorrect RV leading to the loss of the scheduled TBs. 
Proposal 2: RV is indicated as subframe specific information. 
2.3. Resource indication value indication 
eLAA supports an interlaced design. 10 interlaces can be supported for 20 MHz bandwidth as proposed in [1]. A user can be assigned multiple such interlaces. An UE may be assigned multiple logical interlaces with following two methods:   
· Bitmap method: In the case of 10 interlaces, a 10-bit bitmap can be used, wherein each bit corresponds to an interlace. 
· Interlace ordering method: To indicate the interlace assignment, only the logical starting interlace index and the number of interlaces to be assigned to the UE need to be indicated. In the case of 10 interlaces, there are up to 55 possible assignments in the case of single-user resource allocation. For 20 MHz, with 10 interlaces, 6 bits are required.
Proposal 3: DCI indicates resource allocation of interlaces with 6 bits for 20 MHz bandwidth eLAA system. 

2.4. Timing relationship  
Cross-burst scheduling can be supported with and without fixed timing relationship between UL grant and PUSCH transmission as discussed in [2]. 
· Fixed timing relationship between UL grant and PUSCH transmission:  In this option, eNB indicates the subframes via explicit timing relationship with respect to UL grant over which eNB is expecting PUSCH transmission. DCI may indicate the presence of offset for up to 10 UL subframes (corresponding to maximum channel occupancy time (MCOT) of 10 subframes) using 4 bits as shown in Figure 1. 
To enable such a functionality, UL grant indicates the offset (o) in addition to 4-subframe scheduling delay for PUSCH transmission. Specifically, for UL grant transmitted on subframe n, UE performs first PUSCH transmission in subframe n+4+o, which is followed by N consecutive PUSCH transmissions. 


Figure 1: An illustration of cross-burst scheduling with explicit timing relationship
Proposal 4: When eNB schedules UE via fixed timing relationship between UL grant and PUSCH transmission, eNB indicates the offset of the first scheduled PUSCH transmission from the UL grant excluding the 4-subframe scheduling delay. 
· Without fixed timing relationship between UL grant and PUSCH transmission: In this option, uplink grant indicates the subframes relative to the start of each transmission burst over which eNB is expecting PUSCH transmission from the UE. Alternatively, uplink grant indicates the subframes relative to the last DL subframe of the following transmission burst over which eNB is expecting PUSCH transmission from the UE. eNB indicates the start of each transmission burst by transmitting CPDCCH. UE infers the subframes over which PUSCH transmission may be performed based on the CPDCCH and the UL grant. In this case, number of UL subframes can be optimized such that DCI indicates for up to 4 UL subframes immediately following the first DL subframe of the following burst (remaining subframes can be scheduled by DL subframes within the same burst.). 


Figure 2: An illustration of cross-burst scheduling with explicit timing relationship
Proposal 5: When eNB schedules UE without fixed timing relationship between UL grant and PUSCH transmission, UL grant in current DL burst indicates the offset of the first scheduled PUSCH transmission with respect to the start of the next DL transmission burst or with respect to the last DL subframe of the following DL burst.  
Each UL grant may schedule UL subframes that are present within the same MCOT or outside MCOT. To reduce the DCI overhead, we prefer that UL grant schedules UL subframes that are either all within the MCOT or all outside MCOT. Additionally, using the LBT information obtained from the DCI, UE can uniquely identify if the scheduled subframes are scheduled with or without explicit timing relationship. 
2.5. UL LBT indication 
Rel-13 LAA design restricts the MCOT after the completion of LBT at the eNB to be 8 ms (if LAA co-exists with WiFi) or 10ms (otherwise). UEs that are scheduled within a MCOT perform a single interval LBT during the blanked symbol for UL LBT. It is also possible that UE performs no LBT e.g. if UE has already completed UL LBT in the previous subframe within the MCOT. 
If UL transmission occurs outside MCOT and UL grant schedules transmission with explicit timing relationship, then UE performs CAT4 LBT as described in the companion contribution [3]. 
Thus, the UL grant needs to indicate the type of LBT to be performed including no LBT, single interval LBT, CAT 4 requiring a total of 2 bits for such indication.  
Proposal 6: DCI indicates the type of LBT to be performed for each scheduled subframe. 
2.6. Maximum scheduled subframes within DCI 
Multiple DCI formats for varying choices of scheduled subframe provide controllable overhead. With multiple DCI formats, however, the blind decoding (BD) complexity is increased proportional to the number of additional DCI formats. Thus, it is desirable to minimize the number of DCI formats to reduce the BD complexity at the UE. A single DCI format is used for scheduling up to N subframes and thus scheduling information for k subframes, where 1≤k≤N can be conveyed by this DCI format. It is preferable to limit the maximum number of subframes that can be scheduled with one DCI, e.g. up to 5 (2 UL grants are needed to cover the MCOT of 10ms) to limit DCI payload and thus the DCI blocking issue. The choice of N can be RRC configured.  
It is the working assumption that for LAA uplink, and for a given PUSCH TM, UE doesn’t need to detect MSF DCIs with different payload sizes for each TM. Below we propose to confirm the working agreement as an agreement. 
Proposal 7: eLAA DCI format should be defined for a single value of  to reduce the decoding complexity. 
Proposal 8: The choice of N can be semi-statically modified by RRC configuration. 
Proposal 9: Limit the maximum value of N to be up to 5. 
Following the above discussion, Table 1 shows our proposed DCI format for scheduling N subframes. For N = 4, the payload size is around 57 bits, while for N = 5, the payload size is around 65 bits. 
Table 1: Proposed DCI design for scheduling N UL subframes.
	Field
	Bit Length

	Carrier indicator
	3

	RIV
	6

	MCS
	5

	RV
	2

	NDI
	1* N

	TPC
	2

	Cyclic Shift
	3

	CQI Request
	1 or 2 bits

	SRS request
	1

	HARQ ID
	4*N

	LBT information 
	2*N 

	Timing relationship of scheduled UL SF 
	4 bits

	Set of scheduled UL subframe 
	 (N scheduled UL subframes are contiguous) 



3. Conclusions
In this contribution, the details of the DCI design were discussed from various aspects and the following proposals were made. 
Proposal 1: HARQ processes ID is indicated as subframe specific information. 
Proposal 2: RV is indicated as subframe specific information. 
Proposal 3: DCI indicates the timing relationship between the UL grant and the scheduled PUSCH subframe.  
Proposal 4: When eNB schedules UE via fixed timing relationship between UL grant and PUSCH transmission, eNB indicates the offset of the first scheduled PUSCH transmission from the UL grant excluding the 4-subframe scheduling delay. 
Proposal 5: When eNB schedules UE without fixed timing relationship between UL grant and PUSCH transmission, UL grant in current DL burst indicates the offset of the first scheduled PUSCH transmission with respect to the start of the next DL transmission burst or with respect to the last DL subframe of the following DL burst.  
[bookmark: _GoBack]Proposal 6: DCI indicates the type of LBT to be performed for each scheduled subframe. 
Proposal 7: eLAA DCI format should be defined for a single value of N to reduce the decoding complexity. 
Proposal 8: The choice of N can be semi-statically modified by RRC configuration. 
Proposal 9: Limit the maximum value of N to be up to 5. 
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