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1 Introduction
In RAN#67, the SI of latency reduction was approved, which aims to study enhancements to the E-UTRAN radio system in order to [1]: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE.
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).
In RAN1#84, there were the following agreements [2]:
Agreements:
· Following aspects are further studied in the next RAN1 meeting
· Note: But the study is not limited to them.

· Design of sPUSCH DM-RS

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

· HARQ for sPUSCH

· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case
This contribution discusses some design aspects for PUSCH transmission. 
2 Uplink DMRS for PUSCH
During the last meeting, there were two alternatives for design of Uplink DMRS:

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

For TTI length is 7 symbols, Alt. 2 can be the only choice and current UL DMRS in a slot is reused. Then the issue go to TTI less than 0.5ms. 
Proposal 1: For TTI of 7 symbols, the current UL DMRS pattern per slot can be maintained.  
For TTI of less than 7 symbols, if Alt.1 is adopted, DMRS overhead can be reduced and low CM can be maintained. If TTI length is 4 symbols, the DMRS-overlapping structure can be considered, as shown in Figure 1. In this structure, one slot of 7 symbols is divided into two TTIs, each of which contains 4 symbols including one overlapped symbol between the two TTIs. The overlapping symbol is used for DMRS transmissions and shared by both TTIs. 
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Figure1. DMRS-overlapping structure for 4-symbol TTI
If TTI length is shorter than 4 symbols, DMRS symbol shared by more than 2 TTIs can be considered to avoid high DMRS overhead. Figure 2 gives some examples. 
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Figure2. Examples of DMRS-overlapping structures for 3/2-symbol TTI
As shown in figure 2, since there is larger gap between the DMRS symbol and the other symbols for some TTIs, it may increase the delay. The performance should also be evaluated for those TTI far from DMRS. The number of TTIs sharing a DMRS symbol depends on the trade-off between DMRS overhead and performance.
For Alt, 1, DMRS signals for multiple TTIs can be code-multiplexed. If the allocated resources are the same for the TTIs, the code-multiplexed DMRS signals are orthogonal if different cyclic shifts are configured. Otherwise, the interference can be introduced. The performance should be further evaluated. Alternatively, DMRS for multiple TTIs can be frequency-multiplexed. For example, DMRS signals from two TTIs can occupy the odd and the even subcarriers, respectively. In this case, the two DMRS signals are orthogonal regardless of the resource allocation, and low CM is still maintained. However, lower frequency-domain density of DMRS will impact the performance.
Proposal 2: For TTI of less than 7 symbols, DMRS symbol shared by multiple TTIs can be considered. DMRS signals for multiple TTIs can be multiplexed in same symbol by CDM or FDM.
· For TTI of 4 symbols, DMRS symbol shared by the two TTIs in one slot can be considered. 
· For DMRS symbol shared by more than 2 TTIs, the latency and the performance should be evaluated.
If it is allowed to relax the CM requirement, UL DMRS can be multiplexed with data in frequency-domain, i.e., the similar way in downlink. Then, Alt.2 can be considered. Figure 3 gives an example, where DMRS occupies every third subcarriers in the first symbols of each TTI, and the remaining REs in the TTI are all used for PUSCH transmissions.
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Figure3. An example of DMRS multiplexing with data in shorter TTI
Proposal 3: For the TTI shorter than 7 symbols, UL DMRS can be multiplexed with data in frequency-domain to reduce the overhead if the CM requirement can be relaxed.

3 Others for PUSCH transmission
HARQ
If length of short TTI is invariable and TTI length for DL and UL are same, synchronous HARQ can be easily supported with fewer consumed resources. Otherwise, Asynchronous HARQ could be considered since it is more flexible than synchronous HARQ. The detailed analysis is given in [3]
UCI transmission on PUSCH
In current techniques, UCI is transmitted in specific positions on PUSCH. For TTI length is 7 symbols, the present transmission method in one slot can be reused, as shown in Figure 4.
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Figure4. Multiplexing of control signalling with UL-SCH data for TTI=7 symbols
If TTI length is less than 7 symbols, some symbols for UCI may become unavailable. Therefore, UCI transmission on PUSCH should be redesigned.

Proposal 4: For TTI of less than 7 symbols, UCI transmission on PUSCH should be redesigned.
4 Conclusion

As the summary of analysis given in this contribution, we propose the following: 
Proposal 1: For TTI of 7 symbols, the current UL DMRS pattern per slot can be maintained.  
Proposal 2: For TTI of less than 7 symbols, DMRS symbol shared by multiple TTIs can be considered. DMRS signals for multiple TTIs can be multiplexed in same symbol by CDM or FDM.
· For TTI of 4 symbols, DMRS symbol shared by the two TTIs in one slot can be considered. 
· For DMRS symbol shared by more than 2 TTIs, the latency and the performance should be evaluated.
Proposal 3: For the TTI shorter than 7 symbols, UL DMRS can be multiplexed with data in frequency-domain to reduce the overhead if the CM requirement can be relaxed.

Proposal 4: For TTI of less than 7 symbols, UCI transmission on PUSCH should be redesigned.
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