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1 Introduction
In RAN #72 meeting, a new work item [1] on shortened TTI and processing time for LTE was approved. The main objective of this WI is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. In this contribution, we discuss some issues regarding to simultaneous uplink transmission for shortened TTI operation. 
2 Discussion
According to the WID [1], the specified solution should cover the case of carrier aggregation and non-carrier aggregation scenarios. Considering that UE may has various requirements of latency on different applications, how to support services with different TTI lengths is a problem when UE is configured with carrier aggregation. There are three scenarios can be considered.
Scenario 1: The TTI length for (s)PUSCH/(s)PDSCH transmission can be dynamically changed in each serving cell
This scenario provides flexibility of resource scheduling at eNB side. For each serving cell, the eNB can dynamically change the TTI length of (s)PDSCH/(s)PUSCH according to the latency requirement, channel condition and/or traffic load. However, this scenario may introduce additional UE complexity and specification impact. For example, HARQ-ACK feedback for DL reception may become complicated if UE need to keep different HARQ-ACK time lines in each serving cell to support dynamic TTI length scheduling. For example, for each HARQ-ACK response time, number of HARQ-ACK bit for normal TTI or shortened TTI would be dynamically changed in order to support this scenario.
Scenario 2: Only one TTI length can be used for all serving cells
This scenario is simpler than first scenario but the scheduling flexibility would be an issue. For example, if the UE is configured with shortened TTI for all serving cells, the service with large TB size would be impacted when comparing to the normal TTI operation. That is because the signalling overhead and detection error would affect the resource scheduling and transmission efficiency when considering the increasing number of scheduling DCI and corresponding HARQ-ACK feedback.
Scenario 3: Different serving cells can be semi-statically configured with different TTI lengths
If the number of TTI length can be limited, this scenario can provide scheduling flexibility without introducing much complexity. For example, the UE can be configured with two groups of serving cells and two TTI lengths are configured for these cell groups individually to support different latency requirements. In addition, the PCell and PUCCH Scell can be configured for different cell groups so that the UCI feedback for different TTI lengths can be handled separately.
Observation: Considering the design complexity and scheduling flexibility, scenario 3 with 2 TTI lengths provides benefit on shortened TTI operation in CA system.
Proposal 1: For a CA system supporting shortened TTI operation, different serving cells can be semi-statically configured with different TTI lengths.

Another issue need to be considered is the power limitation problem when the uplink transmission is performed by the UE on multiple serving cells with different TTI lengths. As shown in figure 1, the UE is configured with two serving cells, the serving cell#1 is configured with normal TTI length (i.e., 1ms) and serving cell#2 is configured with shortened TTI length (i.e., 0.5ms). In addition, PUSCH#1 is scheduled to be transmitted on serving cell#1 with normal TTI length. Meanwhile, sPUSCH#1 and sPUSCH#2 are scheduled to be transmitted on serving cell#2 with shortened TTI length. In this case, the first part of PUSCH#1 is overlapped with sPUSCH#1 and power limitation problem occurs during the first part of PUSCH#1 (e.g., P1+Ps1 >PCMAX). Moreover, the last part of PUSCH#1 is overlapped with sPUSCH#2 which causes the power limitation problem (e.g., P1+Ps2 > PCMAX) during the last part of PUSCH#1. If the sPUSCH has higher priority than PUSCH on power allocation, the performance impact on PUSCH should be considered. For example, as shown in Figured 2, the transmission power of PUSCH#1 can not keep constant within one subframe since sPUSCH(s) on serving cell#2 have higher priority. It is clear that the detection performance of PUSCH#1 would be impacted if eNB cannot ensure that uplink channel can be obtained via DMRS in different slots. This problem would become more complicated if the length of sPUSCH is two SC-FDMA symbols because the transmission power of DMRS and data may be different within one slot. Moreover, the degradation of scheduling efficiency should be considered if the UCI is multiplexed with PUSCH#1.
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Figure 1: Power limitation for shortened TTI operation
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Figure 2: Prioritizing sPUSCH in power limitation problem.
Proposal 2: The transmission power of an uplink channel should keep in constant when handling the power limitation problem.
3 Conclusion

Based on our discussions, we have the following observation and proposals:
Observation: Considering the design complexity and scheduling flexibility, Scenario 3 with 2 TTI lengths provides benefit on shortened TTI operation in CA system.

Proposal 1: For a CA system supporting shortened TTI operation, different serving cells can be semi-statically configured with different TTI lengths.

Proposal 2: The transmission power of an uplink channel should keep in constant when handling the power limitation problem.
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