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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. According to [1], 2-symbol sTTI needs to be completed by RAN#76.
In RAN1#88 meeting, it was agreed that

· Confirm working assumption on support for {DL,UL} sTTI combination {2,7}.

· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}

· FFS whether different sTTI combination can be configured for different PUCCH group

In RAN1#88b meeting, it was agreed that

· Different DL sTTI length can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured

· FFS: If different UL sTTI lengths can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured

In this contribution, we will analyze and give our views on the supported combinations of sTTI lengths in DL and UL in CA scenarios.
2 DL/UL sTTI length configuration in CA scenarios
For DL CA and UL CA within a PUCCH group, it was agreed that one combination can be configured for a given UE. There are still two open issues: one is the configuration granularity of sTTI for serving cells within a PUCCH group and whether 1ms TTI and sTTI can be scheduled for different serving cells in the same subframe within a PUCCH group, which is discussed in section 2.1; and the other one is whether different UL sTTI lengths can be configured for different PUCCH groups, which is discussed in section 2.2. 
2.1 Configuration and scheduling of sTTI for different serving cells within a PUCCH group
In RAN1#88 meeting, it was agreed that the same sTTI length will be configured within a PUCCH group. However, whether 1ms TTI and sTTI can be scheduled for different serving cells in the same subframe within a PUCCH group needs further study.
According to the agreements in RAN1 #87 meeting, for a given UE, PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI can be dynamically (with a subframe to subframe granularity) scheduled and even scheduled in the same subframe for a given carrier. Thus it is possible that 1ms TTI and sTTI can be scheduled for different serving cells unless some scheduling restrictions are introduced.

As discussed in [2], the number of aggregated CCs will be larger and larger in the future. If only sTTI or 1ms TTI can be configured for all aggregated CCs in the same subframe, it will be too restrictive. Furthermore, according to agreement in RAN1#85 meeting, maximum TA for short TTI will be reduced. Since UE may have different TA values for different CCs, UE has to be scheduled with 1ms TTI on CCs that have larger TA than sTTI can support. Therefore, it is necessary to have the flexibility to schedule 1ms TTI and sTTI in different serving cells.

Proposal 1: A UE can be scheduled with either sTTI or 1ms length for different serving cells within a PUCCH group in one subframe.
Furthermore, on how to configure 1ms TTI and sTTI in different serving cells within a PUCCH group, there are three options:
· Option 1: The sTTI operation can be configured independently for each component carrier within a PUCCH group.
As proposed in [3], the cell specific configuration would have the following advantages: 
· UE power consumption, as no sTTI monitoring would be needed for non-configured carriers of a (PUCCH) cell group;
· Depending on the sTTI UE capabilities or maximum number of supported sTTI carriers, the overall (1ms TTI) CA capability would not be limited.
· Option 2: The sTTI operation can be configured independently for each TAG within a PUCCH group.
In heterogeneous network scenarios of CA, up to four TAG can be configured. Since sTTI and 1ms TTI may have different TA requirements, it is reasonable to enable sTTI operation independently for each TAG.

· Option 3: The sTTI operation is configured for all the cells in the PUCCH group, but a UE can be scheduled with either sTTI or 1ms length for different serving cells within a PUCCH group in one subframe.
Proposal 2: FFS whether the sTTI configuration can be configured individually for each cell in the PUCCH group, or for each TAG in the PUCCH group or the same sTTI configuration is configured for all the carriers in the PUCCH group.
2.2 Configuration of UL sTTI lengths for different PUCCH groups
For UL, if different UL sTTI lengths are configured for different UL CCs, UL power control needs further study. If 1ms TTI and sTTI scheduled for different serving cells in the same subframe is supported, the similar UL power control mechanisms can be considered. Considering flexibility, UL sTTI length can be independently configured for each PUCCH group according to coverage, TA or UCI capacity.
Proposal 3: For a given UE, different UL sTTI lengths can be configured for different PUCCH groups.
3 Conclusions
In this paper, we have analyzed sTTI combinations in CA scenarios with following proposals:
Proposal 1: A UE can be scheduled with either sTTI or 1ms length for different serving cells within a PUCCH group in one subframe.
Proposal 2: FFS whether the sTTI configuration can be configured individually for each cell in the PUCCH group, or for each TAG in the PUCCH group or the same sTTI configuration is configured for all the carriers in the PUCCH group.
Proposal 3: For a given UE, different UL sTTI lengths can be configured for different PUCCH groups.
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