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1 Introduction
This contribution discusses aspects related to the necessary fields to be included in two-stage DCI formats for Rel-13 TTI shortening operation, including both downlink assignment and uplink grant. 
2. Discussion
One important issue of DL control channel design is how to minimize the DCI format size transmitted in an S-TTI so as to improve the spectrum efficiency, while maintaining scheduling flexibility for resource allocation.
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Figure 1: One example of two-stages DCI formats transmission  
The number of REs required for a certain S-PDCCH depends on the DCI payload size. One possible way to limit the payload of DCI format on S-PDCCH is to divide the scheduling information into two separate parts. Part of the scheduling information can be transmitted to a group of UEs using the existing DCI (i.e., slow DCI) on the legacy PDCCH once per legacy subframe and the remaining information can be transmitted faster on S-PDCCH in an S-TTI (i.e., fast DCI) to a single individual UE. These two DCIs are then jointly used by the intended UE for S-TTI demodulation.
A slow DCI format on the PDCCH can be utilized in different ways to achieve additional goals. For example, the slow DCI format can serve as an on-off signal to dynamically switch S-TTI operation on a subframe basis. This provides the possibility to timely reduce power consumption based on the instantaneous traffic conditions. A UE is allowed to skip monitoring S-PDCCH in the S-TTIs within a subframe if no slow DCI format is detected. Such S-TTI operation switch can be based on the TCP file buffer status known by the eNB. Note that this is especially important for small S-TTI lengths (e.g., 2 symbols) due to the relatively larger number of time instances for S-PDCCH monitoring in a subframe. Furthermore, a slow DCI format can provide information to determine the S-PDCCH seach space candidates, as detailed in [2]. Clearly, the number of bits of the resource allocation field in a fast DCI would be further reduced as resources for S-TTI operation have been limited to the RBs allocated by the slow DCI format.  
A PDCCH carrying a DCI format with ~60 bits payload can achieve BLER of 1% at SINR below -5 dB for AL of 8 CCEs[3]. Therefore, for UEs configured with S-TTI operation in macro or small cell scenarios where the corresponding DL SINR geometries are typically above -5 dB, transmission reliability is not an issue.    
In view of the associated benefits of reduced UE power consumption and improved spectrum efficiency of S-TTI, we therefore propose: 

Proposal 1: The scheduling information for S-PDSCH or S-PUSCH can be provided to a UE in two separate DCIs transmitted in the legacy PDCCH and an S-PDCCH in the same subframe. 
2.1 Slow DCI format
The basic principle of slow DCI format is that a group of UEs configured with S-TTI operation are jointly granted DL/UL S-TTI resources in the frequency domain on a 1 ms time scale. Table 1 provides the information fields in the slow DCI format for S-TTI assuming 20 MHz system bandwidth. This does not preclude introducing new fields if necessary.    
Table 1 Information fields in a slow DCI format for 
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	Field
	Bit-Width
	Comment

	Resource allocation for DL
	25
	· According to 3GPP TS 36.212 Section 5.3.3.1.5, the number of bits for resource block assignment is 
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	Resource allocation for UL
	13
	· According to 3GPP TS 36.212 Section 5.3.3.1.1, the number of bits for resource block assignment is 
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	CRC
	16
	

	Total
	54
	


For the slow DCI format, two alternative schemes are possible for DL resource allocation: Either type 0/1 or type 2. Although type 0/1 resource allocation results in a relatively larger PDCCH payload size, it is desirable to allow configuring multiple non-contiguous RBs distributed over the system bandwidth in order to exploit the gain from frequency diversity. 
Note that if the S-PDCCH region is not indicated on an S-TTI timescale, e.g., due to control overhead issues, it should be signaled in the slow DCI format to provide the possibility of sharing resouces between S-PDSCH and S-PDCCH on a subframe basis. In addition, a 3-bit CIF field can be further discussed in order to support cross-carrier scheduling operation as in LTE Rel-10.
The slow DCI format for a group of UEs can be straightforwardly mapped onto the common search space. If the limited capacity would be an issue, a UE-group-specific search space given by the group-specific RNTI assigned by higher layers can be naturely considered. An eNB can configure the same RNTI to multiple UEs by considering for example the respective UE geometry. The cost in the available RNTIs is minimal (e.g., ~3 S-TTI specific RNTIs should typically suffice).
Proposal 2: The slow DCI format is transmitted in the common search space or a UE-group-specific search space on the PDCCH given by a dedicated RNTI.  
2.2 Fast DL DCI format
In general, a fast DL DCI format can be modified from the existing DCI format 2C in order to support closed-loop multiplexing and achieve higher spectrum efficiency with multiple antennas. Table 2 presents the information fields in the fast DCI format by redefining some of the existing fields in DCI format 2C to reduce the payload size.  
Table 2 Information fields in a fast DL DCI format for 
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	Field
	Bit-Width
	Commment

	Differentiation Flag for fast DL DCI Format vs. fast UL DCI Format 
	1 
	Needed if UL/DL fast DCI formats have the same size

	Resource splitting 
	3
	Indicates resouces within RBs allocated by the slow DCI

	TPC command for S-PUCCH
	2
	

	MCS
	5x2
	MCS for two transport blocks (TBs)

	NDI
	1x2
	New data indicator for two TBs

	RV
	(1x2)
	FFS, May be not needed as chase combining suffices for small TBs. 

	HARQ process number
	3
	Support maximum of 8 DL HARQ processes

	DAI
	0 or 2
	0- FDD; 2-TDD

	Precoding information
	3
	For CRS-based transmission (Optional)

	DMRS presence
	1
	Indicate whether DRMS is transmitted in this S-TTI. Only for DMRS-based transmission. (Optional)

	S-PDCCH control region
	2
	Indicates the index of maximum reserved S-CCE 

	CRC
	16
	

	Total
	42~44
	42- FDD, 44-TDD


Currently, the resource allocation (RA) field represents a significant portion of the DCI format size. Given that resources for the S-TTI operation in a subframe have been provided by the slow DCI format, one possibility to reduce the RA size is to indicate a predefined resource index from a few pre-defined configurations. For example, the 3-bit index field in C-DCI format can be used to indicate eight resource allocation options, including full PRBs, one of the 1st/2nd/ 3rd /4th 1/4 PRBs, top half PRBs or bottom half PRBs. 
Proposal 3: Splitting resources within the pre-allocated RB region for S-PDSCH with a reduced resource allocation field size in DCI format should be considered . 
The DMRS overhead is high relative to the limited data REs for a symbol-level S-TTI. For example, it is up to 33% for 2-symbol S-TTI assuming the legacy DMRS cluster is reused. To minimize the DMRS overhead, the presence of DMRS within an S-TTI could be configurable by adding a 1-bit flag in the fast DCI format. DMRS may be only needed to be present in the first S-TTI for a low-speed UE configured with multiple consecutive S-TTIs in a subframe, where the variations in the time domain are relatively slow.  
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Figure 2: One example of sharing resources between S-PDCCH and S-PDSCH

Another important factor is that it should be possible for the S-PDSCH to reuse the REs that are not used for S-PDCCH transmission in the first OFDM symbol. Similarly to the PCFICH for legacy PDCCH operation, this can be achieved by informing the UE about the size of S-PDCCH control region (e.g., number of S-CCEs) in the fast DCI format. In order to minimize the payload size, several S-PDCCH sizes can be predefined in sthe pecfication and only the index can be signaled to the UE in the fast DCI format. Figure 2 illustrates an example of resource sharing between S-PDCCH and S-PDSCH in the first OFDM symbol of an S-TTI. A UE can derive the S-PDCCH REs to properly process the S-PDSCH reception according to the information on the S-PDCCH region size and the known S-CCE RE mapping.
Proposal 4: The presence of DMRS in an S-TTI and the size of the S-PDCCH region in the S-PDCCH symbol(s) can be signaled in the fast DCI format. 
2.3 Fast UL DCI format

Simliarly to the DL, a fast UL DCI format can be defined based on the current DCI format 4 to support SU-MIMO operation. Table 3 presents the information fields in the fast UL DCI format by adding some new fields in DCI format 4 for different purposes. 
Table 3 Information fields in a fast UL DCI format for 
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	Field
	Bit-Width
	Comment

	Differentiation Flag for fast DL DCI Format vs. fast UL DCI Format 
	1 
	Needed if UL/DL fast DCI formats have the same size

	Resource splitting 
	3
	Indicates resouces within RBs allocated by the slow DCI

	TPC command for S-PUCCH
	2
	

	MCS + RV
	5x2
	2 TBs

	NDI
	1x2
	New data indicator for two TBs

	Cyclic shift of DMRS
	3
	To support RS multiplexing of multiple UEs in one symbol

	RS Position Indicator (RPI)
	2
	Indicates the position of RS for 2-symbol S-TTI

	HARQ process number
	3
	Support maximum of 8 DL HARQ processes

	DAI
	2 or 0 
	0- FDD; 2-TDD

	CRC
	16
	

	Total
	42~44
	42- FDD, 44-TDD


For UL, the 3-bit resource splitting field is necessary to split the RBs in order to multiplex multiple UEs in a single UL S-TTI. In addition, the S-PUSCH grant timing relationship shall be known to the UE, thus there is no need to have a DCI field for indication and the DCI format size can be minimized. 
A 2-bit RPI field can be included in the fast UL DCI format to dynamically indicate one of up to four PUSCH and DMRS TDM patterns to support multiplexing DMRS of multiple UEs into a single UL symbol, thereby reducing the DMRS overhead. 
Proposal 5: An RS location indicator field can be included in the UL fast DCI format to support DMRS sharing of multiple UEs. 
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Figure 3: Example of illustrating 2-symbol S-PUSCH using a shared DMRS symbol

2.4 Others
In order to minimize the number of blind decoding operations a Rel-14 S-TTI UE needs to perform, the fast DCI format scheduling S-PDSCH transmissions and the fast DCI format scheduling S-PUSCH transmissions can be designed to have the same size (as for DCI format 0 and DCI format 1A).
Propsoal 6: The fast DL DCI format and the fast UL DCI format should have the same size. 
The fast DCI format used for scheduling S-PDSCH in the first S-TTI can be transmitted in the UE-specific search space of the legacy PDCCH to reduce the DL control overhead in the S-TTI, as depicted in Figure 1. To minimize the blind decoding attempts, zero-padding can be applied to ensure the same size of the fast DCI format and the legacy DCI formats on PDCCH. A dedicated RNTI value assigned by higher layers can be simply used to identify this fast DCI format.  

Proposal 7: The fast DCI format used for scheduling the first S-TTI within a subframe is transmitted on PDCCH and identified by a dedicated RNTI value assigned by higher layers. 

3. Conclusions
In this contribution, we discussed the necessary fields in the two-stage DCIs for S-TTI operation. We have following proposals:  
Proposal 1: The scheduling information for S-PDSCH or S-PUSCH can be provided to a UE in two separate DCIs transmitted in the legacy PDCCH and an S-PDCCH in the same subframe. 
Proposal 2: The slow DCI format is transmitted in the common search space or a UE-group-specific search space on the PDCCH given by a dedicated RNTI.  
Proposal 3: Splitting resources within the pre-allocated RB region for S-PDSCH with a reduced resource allocation field size in DCI format should be considered . 
Proposal 4: The presence of DMRS in an S-TTI and the size of the S-PDCCH region in the S-PDCCH symbol(s) can be signaled in the fast DCI format. 
Proposal 5: An RS location indicator field can be included in the UL fast DCI format to support DMRS sharing of multiple UEs. 
Propsoal 6: The fast DL DCI format and the fast UL DCI format should have the same size. 
Proposal 7: The fast DCI format used for scheduling the first S-TTI within a subframe is transmitted on PDCCH and identified by a dedicated RNTI value assigned by higher layers. 
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