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[bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on the DCI (Downlink Control Information) for downlink transmissions with short TTIs. We discuss the scheduling mechanism for PDSCH with shortened TTI to be able to leverage the benefit of reduced TTI as compared to the legacy TTI of 1 ms.
Discussion
Background
For the DL short TTI (sTTI) it is important to enable fast scheduling to reach the lowest latencies, as discussed in [1] and [2]. It is proposed that the fast scheduling is done in a sPDCCH channel inside the allocation for sTTI transmissions, the DL short TTI band. In this following we outline a solution for the DL control information for sTTI, compare also with an accompanying paper on UL DCI [3].
Separating slow and fast DCIs
Since scheduling and control information is transmitted more often when using short TTIs, it is necessary to limit the amount of information transmitted on the fast time scale to keep the overhead at a reasonable level. Therefore, part of the control information should be transmitted on a slower timescale, and can also be directed to a group of sTTI UEs. Thus we introduce two new DCIs for sTTI transmission; the non-UE specific slow DL DCI and the UE specific fast DL DCI. For the addressing of slow DL DCI a sTTI UE specific group RNTI is required.

Observation 1: To limit control overhead, the DL sTTI control and scheduling information should be divided onto a fast and a slow DL DCI.
Observation 2: The slow DL DCI should be non-UE specific and addressed with a group RNTI.

For these new DCI formats the legacy CCE format of 36 resource elements can be reused. As in the legacy case a CRC of 16 bits should be used to limit false detection.

Proposal 1: For the DL DCI for sTTI the legacy CCE format of 36 RE and a CRC of 16 bits is reused.

Supported features
[bookmark: _Ref441562068]Dynamic length of TTI
The UEs will in most cases have different needs in terms of latency and amount of DL data with shortened TTI, which can affect the trade-off between latency and throughput. By allowing flexibility in the number of data symbols of the TTI of sPDSCH, an adaptation can be done of the length of the TTI for each sPDSCH with short TTI to the amount of payload that needs to be transmitted. Further, the flexibility allows to dynamically control the trade off between overhead and latency reduction for receiving HARQ and thereafter TCP ACKs
One UE allocated
By restricting the number of UEs allocated per DL sTTI to one we can limit control overhead, since there is no need to specify the allocation in frequency within the fast DL DCI. If multiple UEs need to be allocated in the same time slot, the eNB could instead schedule multiple DL sTTI bands, each defined by a slow DL grant.
Assumptions
In this paper we assume support for the following features:
· One UE allocated per DL sTTI
· DL sTTI lengths of 1, 2, 4, and 7 OFDM symbols
· Flexible choice of TTI length per sTTI
· Possibility of multiple DL sTTI bands
· 1 or 2 layer DL transmission
· FDD
The following features are assumed as not supported in this paper:
· Carrier Aggregation
· PDSCH RE mapping and quasi-co-location mapping
Support for the listed features can however easily be achieved by adding additional information to the grant.
Slow DL DCI
Content
In the slow DL DCI the extent of the DL sTTI band should be indicated with a start and stop PRB of acceptable precision, requiring 5-7 bits, see Table 1. If multiple DL sTTI bands can be allocated the band index should also be indicated. In addition, if a fast PUCCH channel (sPUCCH) is introduced, the associated UL resource should be indicated, currently included as a “sPUCCH info” field in Table 1. 

[bookmark: _Ref441738213]Table 1: Fields of the slow DL DCI for sTTI.
	Field
	Number of bits
	Comment

	Slow grant identifier (optional)
	0-2
	If multiple DL sTTI are assigned

	Start PRB
	5-7
	

	Stop PRB
	5-7
	

	sPUCCH info
	3
	Resource allocation for HARQ

	Total information
	13-19
	

	CRC
	16
	

	Total size
	26-35
	




Observation 3: The size of the slow DL DCI can be in the range of 26-35 bits.

Transmission and valid period
Since the slow DL DCI for sTTI is not needed on a sTTI basis, the obvious solution at hand is to place it in the legacy PDCCH along with other legacy control information, and therefore have a shortest period of one subframe. In this case the slow DL grant would be valid starting from the first PDSCH symbol in the same subframe.

Observation 4: The slow DL DCI for sTTI can be transmitted in the PDCCH and be valid for the DL sTTI band in the same subframe.

Fast DL DCI
Assuming that only one UE is allocated DL data per DL sTTI there is no need to indicate the frequency allocation of the DL data in the fast DL DCI, instead the whole DL sTTI band as defined in the slow DL DCI will be used.

Observation 5: No frequency allocation information is needed in the fast DL DCI if only one UE is assigned per sTTI.

Content
In order to support up to 2 layers and fast link adaptation the fast DL DCI should include 2 sets of MCS, RV, and NDI, see Table 2. HARQ process indication and precoding and layer information is also needed at the fast timescale. The choice of TTI length (4 possible) needs to be indicated, and if DMRS is used an indication whether the sTTI contains DMRS or not is needed for the UE to map the DL data. In addition, if a sPUCCH is used a power control field may be required.

Table 2: Fields of the fast DL DCI for sTTI.
	Field
	Number of bits
	Comment

	MCS
	2x5
	2 Transport blocks

	RV
	2x2
	2 Transport blocks

	NDI
	2x1
	2 transport blocks

	HARQ ID
	3
	8 processes

	sPUCCH TPC
	2
	

	Precoding and layer information
	3
	

	TTI length
	2
	4 options

	DMRS indication 
	1
	For DMRS-based transmission

	Total information
	27
	

	CRC
	16
	

	Total size
	43
	



Observation 6: The size of the fast DL DCI can be 43 bits.

Transmission
The fast DL DCI should be transmitted inside the sTTI band, as discussed in [2]. To support a TTI length down to 1 symbol and to enable the largest scheduling flexibility, the duration of the fast DL DCI should be one OFDM symbol, and to enable the lowest possible processing delay it should be placed in the first symbol of the DL sTTI.
Observation 7: The fast DL DCI should be transmitted in the first symbol of the DL sTTI to enable the lowest latency.
Code rate and overhead
Assuming the total number of bits discussed above for the slow (35 bits) and fast (43 bits) DL DCI, the resulting code rate is shown in Table 3 for different aggregation levels, assuming QPSK modulation and a CCE size of 36 RE.

Table 3: Code rates for fast and slow DL DCI assuming QPSK and 36 RE CCE.
	
	1 CCE
	2 CCE
	4 CCE

	Slow DL DCI
	0.49
	0.24
	0.12

	Fast DL DCI
	0.60
	0.30
	0.15


 
The resulting control overhead for DL short TTI is given in Table 4 for a sTTI allocations of 10 MHZ and different TTI lengths, assuming same CCE aggregation in the fast and slow DL DCI and transmission of slow DL DCI in every subframe.

Table 4: Control overhead for fast and slow DL DCI assuming 10 MHz sTTI allocation.
	
	1 CCE
	2 CCE
	4 CCE

	1 symbol TTI
	6.5%
	13%
	26%

	2 symbol TTI
	3.5%
	7%
	14%

	4 symbol TTI
	2%
	4%
	8%

	7 symbol TTI
	1.5%
	3%
	6%



Observation 8: The overhead due to DL DCI for sTTI is 7% for 2CCEs at a TTI length of 2 symbols.

Conclusion
In this contribution we discussed our views on the design of DCI for short TTIs in downlink transmissions. The above discussion is summarized with the following observations and proposals:
Observations:
· Observation 1: To limit control overhead, the DL sTTI control and scheduling information should be divided onto a fast and a slow DL DCI.
· Observation 2: The slow DL DCI should be non-UE specific and addressed with a group RNTI.
· Observation 3: The size of the slow DL DCI can be in the range of 26-35 bits.
· Observation 4: The slow DL DCI for sTTI can be transmitted in the PDCCH and be valid for the DL sTTI band in the same subframe.
· Observation 5: No frequency allocation information is needed in the fast DL DCI if only one UE is assigned per sTTI.
· Observation 6: The size of the fast DL DCI can be 43 bits.
· Observation 7: The fast DL DCI should be transmitted in the first symbol of the DL sTTI to enable the lowest latency.
· Observation 8: The overhead due to DL DCI for sTTI is 7% for 2CCEs at a TTI length of 2 symbols.
Proposals:
· Proposal 1: For the DL DCI for sTTI the legacy CCE format of 36 RE and a CRC of 16 bits is reused.
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