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1. Introduction
As a part of sTTI and reduced processing time WI, RAN4 needs to finalize the maximum transmission time difference (MTTD) requirement for ULCA with sTTI. Existing maximum transmit timing difference requirment of 32.67us may correspond to one-fourth of the total TTI in case of the uplink carrier with subslot TTI, as opposed to only 3.2% in the legacy LTE uplink carrier with 1ms TTI. The impact of such larger relative overlap on the UL performance, including power control as discussed in [1], needs to be carefully understood before RAN4 finalizes the MTTD requirement for sTTI.
In this paper, we analyze the impact of re-using existing MTTD requirement in the ULCA with sTTI, and propose the MTTD requirement for sTTI based on the analysis.
2. Discussion
As being discussed in RAN4, existing MTTD requirement of 32.67us may have the larger impact on the uplink power control in case of the ULCA with sTTI. One impact is the power allocation across the uplink carriers in the power limited scenario. In the presence of the large transmit time difference of 32.67us, transmit power change in the uplink carrier with longer TTI in the power limited regime may result in either the first or last one-fourth portion of a TTI in the uplink carrier with sTTI being transmitted at the different power level than the rest of the portion in the same sTTI, and RAN1 is under discussion for the proper power reservation/control scheme to avoid such abrupt transmit power change.
Observation 1. In the power-limited scenario, imposing the existing MTTD requirement of 32.67us requires the proper power reservation schemes to prevent the transmit power of the uplink carrier with sTTI from changing in the middle of the TTI, and RAN1 is discussing multiple options for the proper power reservation/control scheme.
Another impact is the potential phase discontinuity. When the power amplifier is shared across the uplink carriers, transmit power change of one carrier may lead to the analog gain change of the shared power amplifier, which introduces the phase discontinuity of the transmitted signal. In sTTI, DMRS can be placed in the first or last symbol, and such phase discontinuity introduced in the middle of the DMRS symbol may distort the channel estimate, instead of some data tones in the legacy LTE, and result in the persistent and ungraceful uplink performance degradation.
Observation 2. When the power amplifiers are shared across the uplink carriers, imposing the existing MTTD requirement of 32.67us may introduce a phase discontinuity in the DMRS symbol of the uplink carrier with sTTI, resulting in the persistent and ungraceful uplink performance degradation from the distorted channel estimate.

In case of the inter-band ULCA, the uplink transmission of each carrier is served by the separate power amplifier. Therefore, there is no power amplifier sharing, and imposing existing MTTD requirement of 32.67us may not cause any phase discontinuity problem for inter-band ULCA with sTTI. 
Observation 3. Inter-band ULCA uses a separate power amplifier for each uplink carrier, and, thus, the transmit power change of one carrier may not cause a phase discontinuity on the DMRS symbols of the other carrier with sTTI, even in the presence of up to 32.67us of transmit time difference.

In case of the intra-band ULCA, on the other hand, the power amplifier may be shared across the uplink carriers, and UE may suffer from the persistent uplink performance degradation if there is a larger transmit time difference. However, our view is that the intra-band non-colocated CA deployment scenario should be considered invalid even in the legacy LTE without sTTI due to the limitation of the shared RF. Therefore, UE is not expected to encounter a large transmit timing difference of ~32.67us across uplink carriers when configured with the intra-band ULCA. To this end, for sTTI, we propose to define the MTTD requirement only for the inter-band ULCA, and re-use the existing MTTD requirement of 32.67us for the inter-band ULCA with sTTI.
Observation 4. Intra-band ULCA uses the shared power amplifier across multiple uplink carriers, and the transmit power change of one carrier may cause a phase discontinuity on the DMRS symbol of the other carrier with sTTI when there is a large transmit time difference of up to 32.67us between the uplink carriers.

Observation 5. Due to the limitation of the shared RF, intra-band non-colocated CA deployment should be considered invalid even in the legacy LTE without sTTI, and thus UE is not expected to encounter a large transmit time difference when configured with the intra-band ULCA with sTTI.
Proposal 1. For sTTI, the MTTD requirement is introduced only for the inter-band ULCA. For the inter-band ULCA with sTTI, the existing MTTD requirement of 32.67us can be reused.
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