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1 Introduction
The WID [1] on shortened TTI and processing time for LTE was approved in RAN#73. 
For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
In this contribution, we present our views regarding the required fields in DCI formats to achieve efficient sTTI scheduling, including both downlink assignment and uplink grant. 
2. Discussion
During the study item phase, several signaling means for scheduling sTTI resources using sPDCCH were studied. In [2], it is recommended to support a design that is based on both 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH. From latency perspective, sPDCCH presence in each sTTI is benefical so that the interval between data arrival and scheduling can be minimized. At the same time, this may result in significant DL control overhead especially in the case of 2-symbol sTTI. How to reduce the DL control overhead while maintaining scheduling flexibility for resource allocation needs to be carefully investigated.
2.1 DCI formats for sTTI operation
The number of REs required for a certain S-PDCCH depends on the DCI payload size. This motivates to reduce the S-PDCCH overhead by minimizing the DCI format size transmitted on it. 
One possible way proposed in [3], as illustrated in FIG.1, is to divide the legacy scheduling information into separate parts with the following two-level structure: 
· The first part of scheduling information is transmitted to a group of UEs on the legacy PDCCH once per legacy TTI using the slow DCI format, which exploits potentially common fields (e.g., frequency locations) across all sTTIs within a subframe for the benefit of reduced PDCCH overhead. 

· The second part of scheduling information is transmitted on S-PDCCH in each S-TTI to a single individual UE by means of a fast DCI format. 
These two DCIs are combined by the intended UE to determine the resource allocation in an sTTI. 
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Figure 1: Two-level DCI format
As legacy TTI and sTTI are decided to be frequency multiplexed (FDMed) in the same subframe on one CC [2], we believe that using a slow DCI format on a 1ms time scale provides sufficient flexibility for eNB to split resources in frequency between sTTI and legacy TTI in order to adapt to the varying traffic at the beginning of each subframe. 
The slow DCI format on the PDCCH can be utilized in different ways to achieve additional benefits. 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 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. 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.
To illustrate the potential DCI format size reduction, consider an example of one CC with 20 MHz bandwidth and DCI format 2D (i.e., 67 bits) and DCI format 4 (i.e., 53 bits) for DL assignment and UL grant respectively. Using a single DCI format, it would result in a total payload size of 6*(53+67) = 720 bits. Now, for the case of two-level DCI format as detailed above in the section, the total payload is reduced to 54+6*(42+42) = 558 bits. In this example, two-level DCI format results in an overhead reduction of about (720-558)/720 = 23%.   
Proposal 1: Introduce two-level DCI formats by splitting the legacy scheduling information into two parts and transmitting them on legacy PDCCH and sPDCCH, respectively. 
2.2 Details of Two-level DCI formats
Another way proposed in [4] is that the slow DCI is used to provide a full set of scheduling information for all sTTIs within a subframe. In addition, a fast DCI may be used to update certain transmission parateterms like MCS or for retransmission in an sTTI. From latency perspective, the characteristic of allowing for a fast DCI in each sTTI is desirable to achieve fast sPDSCH/sPUSCH scheduling. Taking the scheduling decisions in each 1ms interval for all sTTIs obviously has a negative impact on scheduling flexibility of sTTIs and therefore should be avoided. 

Proposal 2: A fast DCI format is carried by sPDCCH and transmitted within each sTTI to provide sufficient flexibility for sPDSCH/sPUSCH resource allocation. 
In the following sections, we provide the details of the information fields in the two-level DCI format. 
2.2.1 Slow DCI format 
An example of the slow DCI information fields were provided in Table 1 [3], where type 0/1 resource allocation was assumed in order to allow for non-contiguous RBs distributed over the system bandwidth to exploit the frequency diversity gain at the cost of larger DCI format size compared to type 2 resource allocation.     
The slow DCI format for a group of UEs can be naturally 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 3: 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.  
It is critical for the 2-symbol sTTI to share the resource between S-PDSCH and S-PDCCH on a subframe basis to improve the throughput performance. 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 achieve this target. In addition, a 3-bit CIF field can be further discussed in order to support cross-carrier scheduling operation as in LTE Rel-10.
2.2.2  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. We provide the detailed format in [3] for the fast DL DCI format by redefining some of the existing fields in DCI format 2C to reduce the payload size.  

Given that the resources for S-TTI operation are provided by the slow DCI format at the beginning of a subframe, it is possible to reduce the RA size by signaling a predefined resource index from a few pre-defined configurations. As an example, a 3-bit index field in a fast DCI format can be defined 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 4: Splitting resources within the pre-allocated RB region for S-PDSCH with a reduced resource allocation field size in DCI format should be considered . 

In addition, the DMRS overhead is up to 33% for the 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.  

As mentioned earlier, it is important to allow 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 the 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 the specification 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 5: 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. 
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Figure 2: An example of sharing resources between S-PDCCH and S-PDSCH

2.2.3  Fast UL DCI format 
In [3], a detailed format for sPUSCH scheduling was provided. Simliar to DL, 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 6: 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
2.3 Other
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 7: 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 8: 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 discuss different signaling methods for realizeing efficient sTTI scheduling. Based on the analysis, it is clear that two-stage DCI formats can effectively reduce DL control overhead while still providing the desired scheduling flexibility for resource allocation. Therefore, we propose: 

Proposal 1: Introduce two-level DCI formats by splitting the legacy scheduling information into two parts and transmitting them on legacy PDCCH and sPDCCH, respectively. 
Proposal 2: A fast DCI format is carried by sPDCCH and transmitted within each sTTI to provide sufficient flexibility for sPDSCH/sPUSCH resource allocation. 
Proposal 3: 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 4: 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 5: 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 6: An RS location indicator field can be included in the UL fast DCI format to support DMRS sharing of multiple UEs. 

Propsoal 7: The fast DL DCI format and the fast UL DCI format should have the same size. 

Proposal 8: 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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