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1
Introduction
In RAN1 #84bis, the following agreements were made on the DCI design for UL scheduling. 
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

In addition, in the email discussion following RAN1#84bis, a further agreement on the details of UL scheduling was made as illustrated below. 

Agreement:

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 remaining details of the DCI design for PUSCH scheduling and also propose few schemes to enable the UE to monitor the different DCI formats efficiently. 
2
High level principles for DCI design
We first propose the high level principles to motivate the basis of the DCI design for multi-TTI grants. 

2.1
Number of blind decodes

For eLAA, the UE needs to monitor the following in the most general scenario

1. For DL PDSCH, monitor one TM specific DCI and one fallback mode DCI

2. Common PDCCH – 2 candidates 

3. DCI Format 0A and 0B for single TTI and multi-TTI grants which can schedule 1CW

4. DCI Format 4A and 4B for single TTI and multi-TTI grants which can schedule 2CW

5. Trigger grant for cross-TxOP scheduling [1] and possibly other grants for control signaling such as PUCCH triggering that may be introduced at a later stage.  
To enable such flexibility would imply a significant number of blind decodes at the UE. However, it is also clear that not all grants need to be monitored in every situation. For example, in DL heavy traffic scenarios single TTI UL grants may be sufficient and there is no need to monitor multi-TTI grants. In UL heavy scenarios, it may be the other way around and UE may not need to monitor single-TTI grants. Similar, a UE monitoring Format 4A/4B grants with multiple CWs may not need to monitor 0A/0B grants. To enable such flexibility in scheduling while still maintaining the same number of blind decodes at the UE is in general a challenging task. 

We propose to reuse and extend the principle that was considered as part of Rel-13 eCA and also make it applicable to scenarios with smaller number of carriers when at least one eLAA SCell is configured. 

1. UE indicates to the eNB its capability for monitoring blind decodes on that SCell

2. eNB configures the UE with the set of sizes/formats to number of blind decodes and aggregation levels per size to monitor.
Hypothetically, for example, eNB can configure UE to monitor 4 candidates each for Format 0A, 0B, 4A and 4B and limit the number of blind decodes for UL grants to 16.

2.2
Maximum payload size
The maximum payload size for PDCCH DCIs can be of the order of 100bits. While we recognize that aggregation level 1 is not usable for such a high payload and aggregation level 2 results can result in a high code rate, we note that such a large size is also useful to schedule multiple UL subframes with good flexibility. Given that eLAA is targeted for small cells with 20MHz bandwidth, control capacity is not a limiting factor especially given that eNB can configure the formats, aggregation levels and number of blind decodes for each UE. In addition, large payload sizes occur when 2 CW are scheduled which realistically happens only when UE is in good coverage and thus PDCCH decoding performance is not a major concern. 
Proposal for high level principles for DCI design
1. UE indicates to the eNB its capability for monitoring blind decodes on that SCell

2. eNB configures the UE with the set of sizes/formats to number of blind decodes and aggregation levels per size to monitor.

3. A maximum DCI payload in the range of 100bits. 

3
DCI fields for multi-TTI transmission

Under the assumption, that eNB can configure the UE to monitor DCI formats of various sizes, we propose that the DCI format should be designed in the most flexible manner subject to the constraint that payload sizes. The table below gives an example of the possible payload of multi-TTI grant given the current assumptions and agreements. 
	Field
	Bits

	Carrier Indicator
	3 bits

	UL Starting Delay above 4ms
	3 bits (assumption)

	Subframe enable/disable
	(N-1) bits assuming independent

enable/disable for each subframe

 and first subframe is always enabled

	LBT parameters
	4 bits (assuming all possible cases)

	Resource allocation
	10 bits at maximum, may be less

 depending on resource allocation

 used(using 10 bits for calculation)

	MCS
	5bits *K layers

	RV
	2 bits * N subframes* K layers

	NDI 
	1 bit * N subframes * K layers

	HARQ ID
	3/4 bits * N subframes

 (assuming 4 bits for calculation)

	Cyclic shift for DMRS and OCC index
	3 bits

	CQI Request
	1,2 or 3 bits (assuming 2 bits)

	TPC 
	2 bits 

	SRS request
	1 or 2 bits (assuming 1 bit)

	SRS location 
	2 bits

	Start symbol for PUSCH
	1*N subframes

	End symbol for PUSCH
	1*N subframes

	CRC
	16 bits

	Total bits assuming N
	29 + 5*K + 7*N + 3*N*K + 16 (CRC)

	Total assuming N = 1 (K=1,K=2) 
	60 (K=1)  and 70 (K = 2)

	Total assuming N = 2 
	68 (K=1) and 81 (K=2)

	Total assuming N = 3
	76 (K=1) and 92 (K=2)

	Total assuming N = 4
	84 (K= 1) and 103 (K=2)


We note our views on the fields that can be optimized further

1. Indication of HARQ processes (either individually, jointly or based on inference)

a. If payload size is sufficient, then signal individually

b. If payload size is large, then UE derives HARQ ID for other subframes based on the signalled HARQ ID as reference (similar to eMTC)

2. Further savings may be obtained by limiting the combinations of start and end symbol for PUSCH and this reducing the number of bits used

3 
Conclusions

In this document, we propose some high level principles to enable DCI design choices and propose the contents for multi-TTI grants. 
Proposal

1. UE indicates to the eNB its capability for monitoring blind decodes on that SCell

2. eNB configures the UE with the set of sizes/formats to number of blind decodes and aggregation levels per size to monitor.

3. A maximum DCI payload in the range of 100bits. 
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