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1. [bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on the physical layer design for TTI shortening for uplink transmissions on PUSCH. We describe how to extend the design for PUSCH with a shortened TTI length. 
1. Discussion
The uplink shared channel PUSCH for LTE is based on single carrier transmissions (SC-FDMA, Single Carrier Frequency Division Duplex) by using DFTS-OFDM (Discrete Fourier Transform Spread OFDM). Here, two SC-FDMA symbols of each sub-frame are dedicated to reference signals and the remaining 12 SC-FDMA symbols (for normal cyclic prefix) can be allocated to user data. The last SC-FDMA symbol of each sub-frame might be used for Sounding Reference Signals (SRS) such that PUSCH is only transmitted during 11 SC-FDMA symbols. Link level simulation results for sPUSCH are provided in [1].
1. Uplink shared channel
0. Uplink reference signal design
An uplink shared channel PUSCH with shortened TTI should be based on one or a few data SC-FDMA symbols. These symbols for user data also require an additional symbol used for reference signal (RS) in the UL TTI. In principle, it is beneficial if the reference symbol can be sent early in the TTI allowing the eNB to start processing as soon as possible, however this may not always be practical.
Figure 1 shows an example of short TTI configuration in an uplink subframe. In this example, each TTI has one symbol used for RS, which is sent before the data symbols.

[image: ]
[bookmark: _Ref447023872]Figure 1 PUSCH with a TTI of 3 or 1 SC-FDMA user data symbols with separate RS in each TTI.

As shown in our link level simulation results in [1], always including an additional symbol for RS in each UL short TTI can result in a significant performance loss in terms of BLER and throughput due to the RS overhead, especially for very short TTIs, e.g., 2-symbol short TTI. 
When the same UE is scheduled on consecutive short TTIs, an effective way to reduce the overhead of reference signals when using short TTIs with PUSCH is the dynamic insertion of DMRS. This means that the DMRS is not transmitted in each TTI when the same UE is scheduled on consecutive short TTIs. In this case, a certain periodicity can be assumed for transmitting DMRS. Reduction of the DMRS overhead can also be achieved for UEs scheduled in multiple shortened TTIs within a limited time window by not transmitting RS in every TTI.
[bookmark: _Toc447025370][bookmark: _Toc447025479][bookmark: _Toc447025498]Proposal
· Study the impact of dynamic insertion of DMRS by link level simulations.
Link level simulation results with dynamic insertion of DMRS are provided in [1].
In case different UEs are scheduled in consecutive short TTIs, the dynamic DMRS insertion cannot be used. Instead, to reduce the overhead of reference signals when using short TTIs with PUSCH, DMRS multiplexing can be considered by sharing the same RS symbol between multiple UEs, while not sharing the data symbols. The eNB would then be able to separate the different UEs by assigning different cyclic shifts similar to UL MU-MIMO. 
[bookmark: _Toc441492189][bookmark: _Toc441577677][bookmark: _Toc441492417][bookmark: _Toc441492398][bookmark: _Toc441492383][bookmark: _Toc437932896][bookmark: _Toc436393022][bookmark: _Toc347824246][bookmark: _Toc347824073][bookmark: _Toc347823621][bookmark: _Toc226862296][bookmark: _Ref190406817][bookmark: _Toc442367829][bookmark: _Toc442254584][bookmark: _Toc442171550][bookmark: _Toc442166333][bookmark: _Toc447025371][bookmark: _Toc447025480][bookmark: _Toc447025499]Proposal
· Study the impact of UEs sharing the same UL DMRS location by link level simulations.
Link level simulation results with DMRS multiplexing are provided in [1]. 
Figure 2  and Figure 3 present two design options for DMRS multiplexing for different TTI lengths. In Figure 2, an example is illustrated of a TTI length of 3 for data. Here two users share the same position for their UL DMRS. For multiplexing of more RS we expect the channel estimation to degrade due to interference between the different users.


[bookmark: _Ref447024135]Figure 2 PUSCH with a TTI of 3 user data SC-FDMA symbols and multiplexing of RS from 2 UEs in the same SC-FDMA symbol.
In the second example in Figure 3, the UL DMRS positions have been moved, to allow for a 1 symbol data TTI. Here the RS overhead is increased. Also in this example 2 UEs are sharing each UL DMRS position.



[bookmark: _Ref447024118]Figure 3 PUSCH with a TTI of 1 SC-FDMA user data symbol and multiplexing of RS from 2 UEs in the same SC-FDMA symbol.
0. Uplink control information design
On PUSCH UCI can be mapped, i.e. periodic or aperiodic CSI and HARQ-ACK bits. When introducing sTTI this aspect needs to be considered. The first aspect to consider is what the corresponding behaviour is when HARQ-ACK on sPUCCH collides with sPUSCH transmission. To understand this handling better one needs to have a clear picture of the processing times to generate the HARQ-ACK feedback for DL and the sPUSCH transmission, i.e. whether or not the eNB can take into account the presents of HARQ-ACK when scheduling sPUSCH. The ability to retrieve more frequent aperiodic CSI feedback could be of interest to be able to link adapt quicker similar aspect if an periodic report of CSI feedback collides with sPUSCH transmission.

Proposal
· Study how to support multiplexing of aperiodic and periodic CSI reporting on sPUSCH
· After the processing times for sPDSCH and sPUSCH is known study how to multiplex HARQ-ACK on sPUSCH
1. Conclusion
In this contribution we discussed our views on the physical layer design for short TTIs in uplinktransmissions. The above discussion is summarized with the following proposals:
· Study the impact of dynamic insertion of DMRS by link level simulations.
· Study the impact of UEs sharing the same UL DMRS location by link level simulations.
· Study how to support multiplexing of aperiodic and periodic CSI reporting on sPUSCH
· After the processing times for sPDSCH and sPUSCH is known study how to multiplex HARQ-ACK on sPUSCH
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