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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 contribution, we discuss structures of physical uplink data channel and physical uplink control channel for 2-symbol TTI among possible shortened TTIs.

Overview of UL physical layer design
Short physical uplink data channel (sPUSCH) and short physical uplink control channel (sPUCCH) for 2-symbol TTI need to be enhanced because the legacy uplink data and control channels are defined based on 1-ms TTI. The legacy PRACH can be reused for 2-symbol TTI if latency reduction is considered only in the RRC connected mode. The legacy SRS also can be reused for 2-symbol TTI if UE mobility doesn’t need to be higher than current requirement.

Physical uplink shared channel
[bookmark: _GoBack]Demodulation reference signal (DMRS) for uplink data channel needs to be enhanced for 2-symbol TTI. To reduce the receiver processing time, DMRS is to be in the 1st OFDM symbol. If sPUSCH maintains the single carrier property, an overhead of DMRS is 50%. To reduce overhead, DMRS REs can be multiplexed with data REs in SC-FDMA symbol.

In figure 1 (a), a sRB structure for sPUSCH is shown where the DMRS for 2-symbol TTI located in the 1st SC-FDMA symbol and multiplexed with data REs. The 1st SC-FDMA symbol in shortened TTI has 3 interlaces as follows.
· The 1st interlace used for DMRS
· The 2nd and the 3rd interlaces used for data.
And the 2nd SC-FDMA symbol in shortened TTI has a single interlaces used for data. As a results, the overhead of new DMRS pattern is 16.7% similar to that of legacy TTI.

A physical resource block for 2-symbol TTI in uplink (sRB) consists of 2 SC-FDMA symbols and 12 resource elements. Basic resource allocation unit for data is 3 sRBs for reusing DMRS sequence of legacy TTI. The existing DMRS sequence can be reused for new DMRS sequence by assigning three sRBs as the minimum scheduling unit. Figure 1 (b) shows the structure of TTI bundling where the data or multiplexing of data/control transmission for coverage extension purpose.



Figure 1 (a) sRB structure for sPUSCH, (b) TTI bundling for sPUSCH

Proposal 1. DMRS needs to be in the 1st SC-FDMA symbol to reduce receiver’s processing times.

Proposal 2. DMRS needs to be multiplexed with data REs in 1st SC-FDMA symbol to reduce an overhead.

Physical uplink control channel
sPUCCH is to carry SR, HARQ-ACK, and CSI for 2-symbol TTI. Data REs and DMRS REs are multiplexed in the 1st SC-FDMA symbol to reduced receiver processing time and overhead.



Figure 2 (a) sRB structure for sPUCCH, (b) Double-edge transmission for sPUCCH

The normal and shortened formats for sPUCCH are both in figure 2 (a). For both normal and shortened sPUCCH format, DMRS needs to a new length-6 sequence because DMRS mapped to 6 REs in the first SC-FDMA symbol. For normal format, control data mapped to 6 REs in the 1st SC-FDMA symbol and 12 REs in the 2nd SC-FDMA symbol. The shortened format is for sPUCCH format 1/1a/1b with the cell specific SRS. For the shortened format, control data mapped to 6 REs in the 1st SC-FDMA symbol.

Figure 2 (b) shows the double-edge transmission for sPUCCH where sPUCCH is transmitted over two sPRB in the both edges of system bandwidth to obtain frequency diversity.

DMRS sequences of length 6 which is smaller than the minimum length of a current sequence need to be designed because one sRB for sPUCCH consists of 6 DMRS REs. New RM codes for sPUCCH format 2 need to be designed because the number of available REs for control data in 2-symbol TTI is different to that in the legacy TTI.

Proposal 3. Physical uplink control channel in 2-symbol TTI is transmitted over two sPRB in the both edge of system bandwidth to obtain frequency diversity.

Conclusion
In this contribution, we discuss structures of data and control channels for 2-symbol TTI in UL. Our proposals can be summarized as below:

Proposal 1. DMRS needs to be in the 1st SC-FDMA symbol to reduce receiver’s processing times.

Proposal 2. DMRS needs to be multiplexed with data REs in 1st SC-FDMA symbol to reduce an overhead.

Proposal 3. Physical uplink control channel in 2-symbol TTI is transmitted over two sPRB in the both edge of system bandwidth to obtain frequency diversity.
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