Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #84bis                                                                                 R1-163323
Busan, 11th – 15th April,  2016

Source: 	Ericsson
[bookmark: Title]Title:	Definition of DCI bit fields for short TTI
Agenda Item:	7.3.10.2
Document for:	Discussion and Decision
[bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on the bit fields included in DCI (Downlink Control Information) for uplink and downlink transmissions with short TTIs [1]. 
Discussion
Two DCI formats are described below for DL and UL, respectively. The slow DL and UL DCI formats are intended to be transmitted in a non-UE specific manner and to be valid for one sub-frame. These DCI formats are thus transmitted on a slow rate. The fast DL and UL DCI formats are UE specific and transmitted for each short TTI. These DCI formats are thus transmitted on a fast rate, i.e. the short TTI timescale.
The reason for having two DCI formats per direction 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 [2].
Slow DCI
As discussed in [2] two alternatives exist for the slow grant for short TTI. There can be two separate slow DCI messages to indicate the sTTI band in UL and the one in DL separately. Alternatively, a single slow DCI message can contain the information about both the sTTI band in UL and the one in DL. Example bitfields for these two alternatives are presented in the following sections.
Common slow DCI for signalling DL and UL sTTI band
The bit fields proposed for the slow DCI are given in Table 1. In this first alternative the frequency assignment for both DL and UL are included. Here the legacy frequency assignment for DL and UL has been assumed, which gives full flexibility to specify sTTI band. To reduce the size however there could be beneficial to simplify the resource allocation by limit the step size to a larger value than 1 PRB, this could be further studied and could potentially also be system bandwidth dependent. 
There are two optional fields included in this example of slow DCI format. If multiple DL sTTI bands are used it may be necessary to indicate which sPUCCH resource to associate to a given DL sTTI band, if this is not defined from the slow grant location. Therefore, a field for sPUCCH info is added. Also it may be needed to indicate the carrier where the DL sTTI band is defined if carrier aggregation with cross carrier scheduling of slow DCI is defined. 
Note that if the TTI length is not indicated on a sTTI timescale or preconfigured over RRC, it should be indicated in the slow grant as well.
Regarding slow DCI for defining UL sTTI band, the legacy behaviour has to be considered. A delay of 4 sub-frames is used for legacy DCI formats such that the scheduler in eNodeB needs to take the decision of reserving frequency intervals for short TTIs at least 4 sub-frames in advance. Therefore the slow DCI for UL sTTI band can also be transmitted with a delay of 4 sub-frames also or less. The slow DCI for UL sTTI band can for example be valid in the sub-frame after it is transmitted. 


[bookmark: _Ref447113519][bookmark: _Ref447113505]Table 1. Examples of bit fields within slow DCI for short TTI
	Field
	Number of bits
	Comments

	Resource block assignment DL
	25

	According to 3GPP TS 36.212 section 5.3.3.1.5

bits provide the resource allocation.
With Resource Block Group size of  and 
Downlink bandwidth configuration of  resource blocks.

	Resource block assignment UL
	14

	According to 3GPP TS 36.212 section 5.3.3.1.1

 
Uplink bandwidth configuration of  resource blocks.


	sPUCCH info
	3
	Resource allocation for HARQ (optional)

	Carrier indication
	3
	For Carrier Aggregation support (optional)

	CRC
	16
	

	Total
	55-61
	



Fast DCI
Fast DL DCI
The bit fields proposed for the fast DL DCI are given in Table 2. Here the length of the TTI can be signalled with an index, if not preconfigured or indicated in the slow grant. A flag can be used to indicate whether a DMRS is inserted into the sTTI, if DMRS based transmission is used and the eNB chooses to not add reference symbols in every sTTI.
[bookmark: _Ref447113558]Table 2. Examples of bit fields within fast grant for short TTI downlink transmissions
	Field
	Number of bits
	Comments

	MCS
	2x5
	2 Transport blocks

	RV
	2x2
	2 Transport blocks

	NDI
	2x1
	2 Transport blocks

	HARQ process ID
	3
	8 processes

	sPUCCH TPC 
	2
	

	Precoding and layer information
	3
	(optional)

	TTI length
	2
	4 lengths (optional)

	Allocation split
	3
	Specifying part of TTI (optional)

	DMRS indication
	1
	For DMRS-based transmission

	CRC
	16
	

	Total
	39-46
	



A bit field “Allocation split” is included in Table 2, with the purpose of allowing several UEs to share the downlink resource allocation assignment. This might be beneficial for supporting a mix of UEs with different needs amount of data in buffers. 

[bookmark: _Ref441494341][bookmark: _Ref441563272]Fast UL DCI (UE and TTI specific grants)
The grant for each sPUSCH transmission must be UE specific. As discussed in [2], the fast UL DCI is transmitted in DL within the frequency allocation for DL short TTIs, the DL sTTI band. A new DL control channel, sPDCCH, with a TTI of 1 OFDM symbol is used for this purpose [5] such that an UL grant for short TTI can be transmitted in every OFDM symbol except those first OFDM symbols in each sub-frame allocated to PDCCH.
This new DCI might be based on current DCI format 4 in order to support high spectral efficiency with multiple antennas. The resource allocation for sPUSCH is given by the slow DCI as discussed in the previous sections and thus does not need to be included in the fast DCI. In addition to the bit fields included in DCI format 4, the following additional fields should be supported:
· Length of short TTI
· HARQ process numbers 
· Dynamic delay from grant to sPUSCH
· Allocation index to allow multiplexing of users in the same UL sTTI band
· DMRS location in case of RS multiplexing as discussed in [4]
A dynamic delay from grant to sPUSCH is needed in order to specify when a fast UL grant is valid. The reason for this is to be able to start a PUSCH with short TTI in any SC-FDMA symbol within a subframe, see illustration in Figure 1, such that all UL symbols can be used. The fast UL DCI is proposed to only be transmitted in OFDM symbols not allocated to PDCCH. 
sPDSCH
PDCCH
PUSCH with new slow grant
Slow UL DCI
PUSCH with old slow grant
Fast UL DCI
Subframe
DL
UL

[bookmark: _Ref441564533]Figure 1. Delay between fast UL DCI and PUSCH transmissions with short TTI 

Some bit fields are FFS within Table 3 with their corresponding number of bits within parenthesis. The TTI index within Table 3 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: _Ref447296966]Table 3. Examples of bit fields within fast grant for short TTI uplink transmissions
	Field
	Number of bits
	Comments

	MCS+RV
	2x5
	2 Transport blocks

	NDI
	2x1
	2 Transport blocks

	HARQ process ID
	3
	8 processes

	TPC 
	2
	

	TTI index
	3
	Specifying length of TTI and position of reference signals, see Table 5.

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

	SRS request
	(2)
	FFS

	CSI request
	(2)
	FFS

	Cyclic shift of DMRS
	3
	

	Allocation split
	3
	Support for several UEs sharing the resource block assignment

	DAI
	2
	Only for FS2. Downlink Assignment Index

	CRC
	16
	

	Total
	
	




[bookmark: _Ref441562315]Table 5. 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
	1
	
	
	D
	
	
	
	
	
	

	1
	2
	
	
	D
	D
	
	
	
	
	

	2
	3
	
	
	D
	D
	D
	
	
	
	

	3
	2
	1
	
	D
	R
	
	
	
	
	

	4
	2
	0
	
	R
	D
	
	
	
	
	

	5
	2
	-1
	
	R
	
	D
	
	
	
	

	6
	4
	0
	
	R
	D
	D
	D
	
	
	

	7
	7
	3
	
	D
	D
	D
	R
	D
	D
	D



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