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[bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on the bit fields included in DCI (Downlink Control Information) for uplink transmissions with short TTIs [1]. 
Discussion
Background
The uplink grant is transmitted to the UE with (e)PDCCH using DCI format 0 or 4, for legacy PUSCH. In order to harvest the benefits of reduced latency by shortening the TTIs in uplink, fast scheduling at the shortened TTIs should be enabled. A solution for UL DCI, providing fast scheduling is provided in [2].
Uplink grant
[bookmark: _Ref441494354][bookmark: _Ref441563374]Two DCI formats are described below. The first is intended to be transmitted in a non-UE specific manner and to be valid for one sub-frame. This DCI format is thus transmitted on a slow rate and is described in section 2.2.1.1. We refer to this first DCI format as a slow DCI. The second DCI format is UE specific and transmitted for each short TTI. This second DCI format is thus transmitted on a fast rate and is described in section 2.2.1.2. We refer to this second DCI format as a fast DCI. See also [3] which include a description of a similar construction of the DL grants.
The reason for having two DCI formats is to reduce overhead by the scheduling information within control channels by transmitting as little information as necessary in the fast DCI. This is important since the fast DCI can be transmitted multiple times per sub-frame. A similar approach with two DCI formats is also proposed for downlink in [3].

[bookmark: _Ref442249037]Slow DCI (Non-UE specific and sub-frame specific grants)
Examples of bit fields to be included in the slow DCI are given in Table 1. Here the resource assignment is based upon legacy DCI format 0 and 4 according to 3GPP TS 36.212 section 5.3.3.1.1 and 5.3.3.1.8. The example is based upon an uplink bandwidth configuration of 100 resource blocks.

[bookmark: _Ref441561477]Table 1. Examples of bit fields within slow grant for short TTI uplink transmissions
	Field
	Number of bits
	Comments

	Slow grant identifier
	(2)
	For multiple uplink resource block allocations. FFS

	Resource block assignment
	14

	According to 3GPP TS 36.212 section 5.3.3.1.8

With Resource Block Group size of  and 
Uplink bandwidth configuration of  resource blocks.
Simple format: FFS

	Resource allocation type
	1
	As defined in section 8.1 in 3GPP TS 36.213

	CRC
	16
	

	Total
	31-33
	



A bit field “slow grant identifier” is in included in Table 1. This field can be used if several frequency bands assignments are allowed in uplink, each with a separate slow DCI. The fast DCI also contains this filed such that the UE can identify for which frequency band assignment that a fast UL DCI is valid.

[bookmark: _Ref441494341][bookmark: _Ref441563272]Fast DCI (UE and TTI specific grants)
A summary of possible bit fields are listed for an UE specific uplink grant in Table 2. 

[bookmark: _Ref441494002]Table 2. Examples of bit fields within fast grant for short TTI uplink transmissions
	Field
	Number of bits
	Comments

	Slow grant identifier
	(2)
	Needed if multiple UL sTTI bands are allocated.

	MCS+RV
	2x5
	2 Transport blocks

	NDI
	2x1
	2 Transport blocks

	HARQ process ID
	3
	8 processes

	Precoding and layer information
	(3)
	3 bits for 2 antenna ports and 6 bits for 4 antenna ports . FFS

	Cyclic shift of DMRS
	(3)
	FFS

	TTI index
	4
	Specifying length of TTI and position of reference signals, see Table 3.

	TPC for PUSCH with shortened TTI
	2
	

	Grant to TX delay offset
	3
	Delay grant 0, 1, 2, or 3 symbols. 
Use 4 bits when  

	CRC
	16
	

	Total
	40-48
	



A bit field “Grant to TX delay offset” is included in Table 2 in order to specify when a fast UL grant is valid; see[2]  for a more detailed discussion. 
Some bit fields are FFS within Table 2 with their corresponding number of bits within parenthesis. For example, the slow grant identifier is only needed within support for several simultaneous frequency band allocations for short TTIs. The precoding and layer information is only to be included if short TTIs support more than one transmit antenna in the UE. The cyclic shift of demodulation reference signals might be included in the “TTI index” as described below.
The TTI index within Table 2 can be used to specify both the length of the TTI and the position of reference signals (RS). Here, several configurations of the reference signals are included for each length of the TTI in order to support RS multiplexing within the same SC-FDMA symbol as discussed in [1]. Also the DMRS CS may be mapped from the TTI index in order to provide orthogonal multiplexed transmissions.

[bookmark: _Ref441562315]Table 3. Example of mapping from TTI index to length of TTI and position of reference signals (R) and user data symbols (D)
	TTI index 
4 bits
	TTI length
	RS position
	
	Illustration
	
	
	

	0
	2
	0
	
	R
	D
	
	
	
	
	

	1
	2
	1
	
	D
	R
	
	
	
	
	

	2
	2
	2
	
	D
	
	R
	
	
	
	

	3
	2
	3
	
	D
	
	
	R
	
	
	

	4
	2
	-1
	
	R
	
	D
	
	
	
	

	5
	2
	-2
	
	R
	
	
	D
	
	
	

	6
	3
	0
	
	R
	D
	D
	
	
	
	

	7
	3
	1
	
	D
	R
	D
	
	
	
	

	8
	3
	2
	
	D
	D
	R
	
	
	
	

	9
	3
	3
	
	D
	D
	
	R
	
	
	

	10
	3
	-1
	
	R
	
	D
	D
	
	
	

	11
	4
	0
	
	R
	D
	D
	D
	
	
	

	12
	4
	1
	
	D
	R
	D
	D
	
	
	

	13
	4
	2
	
	D
	D
	R
	D
	
	
	

	14
	4
	3
	
	D
	D
	D
	R
	
	
	

	15
	7
	3
	
	D
	D
	D
	R
	D
	D
	D



Additional bit fields are listed in Table 4. These represent bit fields supported by DCI format 4, but which are proposed to not be supported for short TTIs. For example, two bits for SRS requests and two bits for CSI requests are included in DCI format 4. However, both SRS and CSI requests might be handled by legacy PUSCH in order to reduce overhead in this DCI format. Bits needed for TDD are also listed in Table 4 but the need for these is FFS, in combination with asynchronous HARQ. Support for carrier aggregation is FFS.
[bookmark: _Ref442181587]Table 4. Examples of bit fields not included within fast grant for short TTI uplink transmissions
	Field
	Number of bits
	Comments

	Carrier indicator
	3
	Optional

	Band ID key
	2
	Needed if multiple uplink resource allocations for short TTIs.

	SRS request
	2
	Optional

	CSI request
	2
	Optional

	Cyclic shift of DMRS
	3
	Optional

	UL index
	2
	Only for TDD. Configuration of CSI request

	DAI
	2
	Only for TDD. Downlink Assignment Index




Conclusion
In this contribution we discussed our views on the bit fields to be included in uplink DCI formats for short TTIs in uplink transmissions. 
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