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1 Introduction

In the new WI on Shortened TTI and reduced processing time [1] several aspects are being discussed of which one is the design of the uplink data channel sPUSCH.
The intention of this paper is to ensure that design aspects being currently discussed under RAN1 responsibility would not result in possible problems related to RF implementation. These aspects are however under RAN4 responsibility. Hence it is proposed to send an LS to RAN4 to understand these aspects more clearly.
2 Discussion
2.1 General
When reducing the transmission time from one subframe to 2-symbol, 4-symbol or slot-based duration the overhead from reference symbols is generally increased with the shorter transmission time. 
Different technical solutions have been proposed to solve this.

2.2 Shared DMRS
One way to solve the abovementioned problem of increased reference symbol overhead is to overlap DMRS symbols in time between users, see for example Figure 1.
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Figure 1: Shared DMRS symbols
2.2.1 Differences in output power between sTTI:s
Although not all aspects relating to scheduling and resource configuration have been concluded in RAN1, the power level of the UE can potentially change between sTTI:s when transmitting the sPUSCH. In this case, the power level of the DMRS, which is common to both sTTI:s (if using a mapping similar to the one in Figure 1) will have to be transmitted with the power level of either one of the two sTTI:s. Still, the channel estimation from the DMRS applies to the data symbol(s) of both sTTI:s. Hence phase coherency need to be ensured in order for the demodulation performance not to be degraded. 
A power amplifier’s ability to maintain the phase over amplitude variations is characterized by its AM-to-PM profile. In case large variations are expected when significantly changing the output power level, the phase reference could be considered no longer to be coherent across symbols transmitted with different power levels.
Also, effects of pushing possibly impacting the phase reference of the VCO might have an impact to the demodulation performance.
2.2.2 Differences in bandwidth allocation between sTTI:s
Similarly to the use of different power levels between sTTI:s, also the bandwidth allocation can change from one sTTI to the next. Depending on the UE implementation, switching between bandwidths could similarly have an impact to the phase response over the transmitted symbols, by for example re-tuning oscillator frequencies. In this case a discontinuity in the phase reference between symbols is expected, completely collapsing the demodulation performance.
2.3 Non-contiguous DMRS and data symbols
Another aspect, not relating to sharing DMRS between TTIs is the use of non-contiguous allocation of DMRS and data symbols in time for the same UE and sTTI. In this case a DMRS is typically transmitted prior to the data symbol(s) with a fixed or variable gap between them. The UE would typically go into light sleep over the idle slots, more or less only keeping a fine clock frequency for synchronization purposes. When starting to transmit the data symbol(s), the phase coherency may no longer be kept. One means to avoid this phase discontinuity is to maintain relevant RF components active during the idle symbol(s). However, this operation will consume more energy and might not be a mode of operation that current chipsets are designed for.
3 Conclusion

Based on the aspects mentioned above it is proposed to send an LS to RAN4 to confirm that the solutions currently being discussed in RAN1 are feasible from an RF perspective. The sourcing company proposes to highlight the aspects of:
· Using different output power levels between sTTIs sharing the same DMRS
· Using different bandwidth allocations between sTTIs sharing the same DMRS

· Allocating DMRS and data symbols non-contiguously in time
Proposal 1 Send an LS to RAN4 to request feedback on any potential RF impact from any of the following: i) Using different output power levels between sTTIs sharing the same DMRS; ii) Using different bandwidth allocations between sTTIs sharing the same DMRS; iii) Allocating DMRS and data symbols non-contiguously in time
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