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Introduction
At the RAN meeting #67, a new SID of LTE Latency Reduction is approved. The objectives of SID in a point of view of RAN1 is follows [1];

1) From RAN1#83: TTI shortening and reduced processing times [RAN1]:
a) Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signalling 
b) backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);

In this paper, we discuss the design options and provide the overview on the design of frame structure and downlink signal/channels for TTI shortening.


DL design options
In [2], considerations for TTI shortening, such as shortened TTI types, physical channels to support, and operation methods of the shortened TTI, have been discussed. For the further study of the SID, we have considered the various physical layer design aspects and have drawn followings for DL design options.

· Support of 2-symbols length for the shortened TTI type
Based on the considerations including performance and specification impact aspects, 2-symbol length TTI is to be supported as the shortened TTI type since it is one of the good trade-offs. More detailed designs based on the 2-symbol length TTI regarding DL and UL designs are provided in the following sections in this contribution and in [3], respectively.

· Support both of physical control and data channels for the shortened TTI operation
To further reduce the latencies in RAN, not only data channel but also control channels need to be supported for the shortened TTI. With the absence of control channels for the shortened TTI, scheduling and HARQ Ack/Nack feedbacks regarding the shortened TTI transmission may delayed and the overall transmission latency in RAN and RTT are to be increased.

· Support of short-TTI region based operation
As in [2], there is a design option for the operation of the shortened TTI. One option is to assign a control channels for the short-TTI and dynamically allocate resources for short-TTI transmission in the entire system bandwidth. Another option is to assign a short-TTI region including both control and data channels for TTI shortening and dynamically allocate short-TTI transmission resources in the short-TTI region. The advantages of the short-TTI region based operation are two-fold. Firstly, resources of the short-TTI control channel can be distributed throughout the short-TTI region and can achieve greater frequency diversity. Secondly, due to the data channels only assigned in the short-TTI region, resource allocations can be newly designed and optimized (e.g., minimum allocation unit can be enlarged and bits for resource assignment can be decreased).


Overview of DL physical layer design
Overviews on the frame structure and downlink design for TTI shortening are provided in followings.

Frame structure
The following figure is the overall frame structure for the TTI shortening with normal CP. One radio frame is composed of 10 Subframes, and each subframe is divided into 7 short-TTIs. We named the shortened TTI as Subslot for descriptive conveniences.



Figure 1 – Overall frame structure for TTI shortening

The DL frame structure is shown in Figure 2. For the coexistence of legacy UEs (i.e. Pre rel-13 UEs), which is one of basic requirements, the first several symbols should be used for the legacy control channel (PDCCHs). For instances, 2 symbol length PDCCH is assumed in the Figure 2. After PDCCH symbols, a Short-TTI region is assigned in the subframe for shortened TTI operations.



Figure 2 – DL frame structure for TTI shortening

Proposal 1. To consider the 2-symbols TTI for the one of the shortened TTI types.

Proposal 2. To consider the short-TTI region based operation for the downlink operation.

Physical channels and signals
Following physical signal channels are defined for TTI shortening.

· User-specific Reference Signals (DM-RS) for Shortened TTI
· For transmission/demodulation of short-TTI data transmission using UE-specific reference signals 
· Short Physical Downlink Control Channel (sPDCCH)
· For DL/UL assignments
· Short Physical HARQ Indication Channel (sPHICH)
· For Ack/Nack indication of UL data transmission
· Short Physical Control Format Indication Channel (sPCFICH)
· For Control Format Indication transmission
· Short Physical Downlink Shared Channel (sPDSCH)
· For data transmission

Note that the cell-specific reference signals (CRSs) are existed on the short-TTI region and can be reused for transmission/demodulation of short-TTI data transmissions using cell-specific reference signals.

Proposal 3. To support both of the data and control channels for shortened TTI operations.

DL reference signals
As mentioned in above, the legacy cell-specific reference signal is existence throughout the short-TTI region for backward compatibility reason. The legacy CRS resource element mapping is over each subframe and the mappings over each subslot are not identical. The CRS pattern for each subslot are in the following figure.



Figure 3 – Resource element mappings of the cell-specific reference signal

For instance, when the legacy CRS is configured for two antenna ports, the CRS mapping pattern for subslot (a) is for subslot #1, #4, #6, (b) is for subslot #2, and (c) for subslot #3, #5. For the CRS mapping pattern for subslot (a), there is no resource elements for cell-specific reference signals. For the subslots with no CRS, introducing new CRS for channel estimation and demodulation is possible, but overheads of reference signals will be increased. Instead, using past CRSs for channel estimation and demodulation is also possible without increasing overheads.

The user-specific reference signals are need to be newly designed, especially to maintain the RS overhead as similar with the legacy DM-RS. An exemplary resource element mappings for the user-specific reference signals (DM-RS) are in Figure 4.



Figure 4 – Resource element mappings of the user-specific reference signal


The resource mapping pattern for DM-RS (a) is for CDM group 1 (antenna port 7, 8, 11, and 13), and (b) is for CDM group 2 (antenna port 9, 10, 12, and 14). Resource elements for each CDM group are in the second symbol of subslot and on the multiples of sRB (For example, 4 sRBs are used for each CDM group in the above figure). The size of frequency band to configure each CDM group needs to be smaller or equal to the minimum allocation unit for the short-TTI data channels. And when some of resource elements for DM-RS is used for CRS, shift the position of DM-RS to do not overlap with CRS.

Proposal 4. To use the legacy CRS as the cell-specific reference signals in TTI shortening operation.

Proposal 5. To consider new user-specific reference signals for the TTI shortening, especially for maintaining similar overheads with the legacy DM-RS. 

DL control channels
Downlink control channels for short-TTI operations includes sPDCCH (Short Physical Downlink Control Channel), sPHICH (Short Physical HARQ Indication Channel) and sPCFICH (Short Physical Control Format Indication Channel). By the short-TTI region based operation, a control region can be mapped in distributed fashion and get greater frequency diversity than the narrow band assignment. An exemplary assignments of the control region and the control channels for short-TTI is shown in Figure 5.



Figure 5 – An example of DL control channels for the short-TTI

sPCFICH is to deliver a CFI to configure the control region in each shortened TTI. The control region is composed of specific number of resource elements from all the sRB in the short-TTI region. The CFI value indicates the number of resource elements per each sRB as following.

Table 1 – CFI values for configuration of the control region
	CFI
	Number of resource elements per sRB

	1
	4

	2
	6

	3
	8



By the system configuration, the CFI value can be either fixed or dynamic. When the CFI is fixed, the CFI value is delivered through the higher layer configuration and no resources elements are assigned for sPCFICH.

sPHICH is to deliver HARQ Ack/Nack feedback information regarding UL data transmissions. Resources elements for sPHICH are mapped by the sPHICH group number which can be derived by the system configuration. 

sPDCCH is to assign DL/UL data channel (sPDSCH/sPUSCH) transmission. There are sDCI (Short Downlink Control Information) formats for the short-TTI data channel assignments. Note that the resource assignment field for DL/UL assignment/grant can be designed very compactly due to the data channels are allocated inside the short-TTI region and therefore the minimum allocation unit size can be increased in the region.

[bookmark: _GoBack]Supporting sDCI formats in the sPDCCH are in the following table. Because there are no usages for common control information in short-TTI region, common search spaces are not defined and UE-specific search spaces are only defined in searching the sPDCCH.

Table 2 – sDCI formats for the shortened TTI operation
	sDCI format
	Usage
	Payload size 
(including CRC)
	Major contents

	0
	sPUSCH grant
	TBD
	RB assignment, MCS

	1a
	sPDSCH assignment
	TBD
	RB assignment, MCS, HARQ



Proposal 6. To consider the distributed resource element mappings for control channels in TTI shortening operation.

DL data channel
sPDSCH (Short Physical Downlink Shared Channel) is to deliver DL data to UEs. sPDSCHs are configured on the resource elements which are not used for the control region. DL data transmission using both the CRS and the DMRS are supported as in the legacy LTE. 


Conclusion
In this contribution, we discuss the design options for the study of TTI shortening. And we also discuss the overview on the frame structure and DL designs for the short-TTI operations. The followings summarize our proposals.

Proposal 1. To consider the 2-symbols TTI for the one of the shortened TTI types.

Proposal 2. To consider the short-TTI region based operation for the downlink operation.

Proposal 3. To support both of the data and control channels for shortened TTI operations.

Proposal 4. To use the legacy CRS as the cell-specific reference signals in TTI shortening operation.

Proposal 5. To consider new user-specific reference signals for the TTI shortening, especially for maintaining similar overheads with the legacy DM-RS. 

Proposal 6. To consider the distributed resource element mappings for control channels in TTI shortening operation.
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