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1 Introduction

In this contribution, we provide our views on the physical layer design for TTI shortening for uplink transmissions on PUSCH mainly related to transmission modes being support and high level sTTI design constraints. 
2 Discussion

2.1 Supported transmission modes

Since release 10, TM2 (i.e., precoding-based uplink MIMO transmission) has been supported for uplink data transmissions on PUSCH. Precoding-based MIMO transmission can be used to either improve the reliability by using beamforming, or improve the spectral efficiency by using spatial multiplexing. For spatial multiplexing, TM2 supports up to four layers for PUSCH.  

Uplink MIMO is also beneficial when considering data transmission on sPUSCH. For example, spatial multiplexing can be used to compensate the throughput and spectral efficiency loss due to the increased RS overhead; beamforming can be used to improve the received SNR at the eNodeB, and thereby, improving the BLER performance for short TTI transmissions.
Proposal 1 TM2, that is, precoding-based MIMO transmission, should be supported for sPUSCH.
The performance of spatial multiplexing relies on the orthogonality between different DMRS sequences used to separate the data transmission on different layers. For MIMO transmission on PUSCH, the orthogonality between different DMRS is achieved by assigning different cyclic shift and/or OCC in the UL DCI. For sPUSCH, in order to reduce the RS overhead, in most cases, there is at most one DMRS symbol per sTTI, which implies that OCC cannot be used for ensuring orthogonality between DMRS on sPUSCH. Note that the interference between different cyclic shifted DMRS sequences increases as the number of multiplexed DMRS (equivalently, the number of layers) increases. In our previous link level simulation results [1], it has been shown that for 2-symbol sPUSCH with high MCS, up to 2 DMRS can be multiplexed in order to achieve a target BLER of 10%. Therefore, it is proposed to support only two-layer spatial multiplexing for sPUSCH. 
Proposal 2 Support only two-layer spatial multiplexing for sPUSCH.
2.2 Short TTI configurations
In this section, we outline principles for the short TTI (sTTI) configurations for uplink transmission, considering different sTTI lengths. 
Uplink frequency hopping on slot basis can be applied to PUSCH transmissions. This implies that the frequency bands allocated for uplink sTTI transmissions may vary between two slots within a subframe when intra-subframe frequency hopping is supported for UEs not operating with sTTI. Such operation may require that the sTTI band in itself follows the same hopping pattern. Further, to allow a good resource utilisation it would be good to be able to multiplex UEs operating with different sTTI lengths in the same sTTI band. If one UE applies slot based sTTI length and another UE operates with a shorter sTTI bandwidth the resource utilisation becomes more efficient if they can be staked after each other in time. Therefore, it is suggested to not support uplink sTTI transmission across slot-boundary.
Proposal 3 Uplink sTTI transmission is not mapped across slot-boundary.
To simplify the design, it would be good if the general sTTI structure is the same in both slots in a subframe for a given sTTI length, with the exception that SRS may be transmitted in the last OFDM symbol in the second slot. For a given configured sTTI length, the starting and ending positions of the different sTTIs should be the same in the first slot and in the second slot of a subframe.
Proposal 4 Common sTTI design for both slots in a subframe for sPUSCH for a given sTTI length.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
TM2, that is, precoding-based MIMO transmission, should be supported for sPUSCH.
Proposal 2
Support only two-layer spatial multiplexing for sPUSCH.
Proposal 3
Uplink sTTI transmission is not mapped across slot-boundary.
Proposal 4
Common sTTI design for both slots in a subframe for sPUSCH for a given sTTI length.
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