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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved [1]. One of the objectives of the WI is to investigate DL CA and UL non-CA for FS1. In this contribution, we discuss some consideration points on DL CA and UL non-CA for FS1 with shortened TTI and processing time. 
2. CA operations with shortened processing time
If a UE has a capability to support up to X carrier aggregations and only some of cells (smaller than X) are configured/activated, then it seems possible that the UE supports shortened processing time by using the remaining CA capabilities to reduce processing time for a given carrier. However, every UE has its own capability/implementation and thus it would be necessary to discuss whether the configuration regarding shortened processing time should be per carrier or per UE. If the configuration regarding shortened processing time is per UE, then CA operation with shortened processing time becomes quite simple. For example, if a UE is capable of CA with shortened processing time, then configuring shortened processing time operation with CA is allowed, and shortened processing time can be applied to all carriers activated. If a UE can support shortened processing time in a single carrier and support CA with legacy timing, either CA operation with legacy processing time or shortened processing time with one cell is allowed. More generally, if the capability signalling for shortened processing time is defined independently per band/band-combination, more flexible scheduling following capability signalling will be possible. Alternatively, according to UE capability which can indicate the number of carriers configurable with shortened processing time, shortened processing time can be disabled or the number of cells can be limited when CA and shortened processing time operations are simultaneously configured. 
Regardless of UE capability, when a UE is configured/activated with multiple carriers, it may be beneficial to align the processing time in each carrier to simplify the behavior rather than take different timing per carrier. For example, if a UE can only support shortened processing time in a limited carriers, then legacy timing can be applied to all carriers. If a UE can support shortened processing time in all carriers, one simple approach is to follow processing time configuration of PCell for Scells. 
Proposal 1: Further investigation is needed on the relationship between CA and shortened processing time operation. Discussion on UE capability on processing time related to CA is also necessary. 
3. CA operations with shortened TTI
In [2], it was agreed that the TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE. As the UL TTI length of sPUCCH will be highly dependent upon UL coverage, once the UL TTI length of sPUCCH is determined then the TTI length of sPUSCH will follow the same length as per the agreement. One issue is whether or not to allow simultaneous transmission of legacy TTI UL channel and short TTI UL channel (e.g., PUSCH and sPUSCH) in a given subframe for one UE. To avoid complicated power control issue, UCI piggyback mechanism, and break of single-carrier property, our proposal is that a UE should not be allowed to transmit PUSCH and sPUSCH in the same subframe on one carrier. Thus, if a UE is scheduled by two UL grants from different DL cells having different TTI lengths on the same time resource (e.g., PUSCH and sPUSCH), the UE should drop transmission of PUSCH to give higher priority to sPUSCH which will likely carry lower latency traffic. In case of puncturing PUSCH, it would be necessary to further investigate the impact on UL power control such as power transient between PUSCH and sPUSCH, and Pcmax derivation.  The same principle can be also applied to the case where a UE is scheduled on the same time resource by two UL grants having different TTI lengths for a DL cell. In this context, it would be preferable to have one UL TTI length in a subframe.  
Proposal 2: It would be preferable to have one UL TTI length in a subframe.
4. Conclusions

In this contribution, we discussed aspects of CA operations for FS1 with shortened TTI and processing time. Based on the above discussions, our proposals are given as follows:

Proposal 1: Further investigation is needed on the relationship between CA and shortened processing time operation. Discussion on UE capability on processing time related to CA is also necessary. 
Proposal 2: It would be preferable to have one UL TTI length in a subframe.
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