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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#87 meeting, it was agreed that

· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}

· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.

· For a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured

· FFS on across two PUCCH groups

In this contribution, we will analyze and give our views on the supported combinations of sTTI lengths in DL and UL in single carrier scenarios and in CA scenarios.
2 Combination of UL and DL sTTIs
In this section, the support on {DL, UL} configuration of {2, 7} in different scenarios are analysed.
The working assumption on support of {2,7}should be confirmed, considering the following reasons:
· Tradeoff between latency and coverage.
The coverage of sPDSCH transmission is similar with that of legacy TTI transmission, assuming that the TBS of sTTI is scaled down to have similar coding rate with legacy 1ms TTI Therefore, 2-symbol sPDSCH is configured to reduce latency and improve user perceived throughput. Meanwhile, the coverage for 2-symbol sPUCCH is limited.It is necessary to support sPUCCH of a sTTI duration larger than 2 symbols. With 1-slot sPUCCH, frequency hopping can be supported which improves the sPUCCH coverage. Furthermore, due to higher transmission power compared to 2-symbol sPUCCH, the coverage of 1-slot sPUCCH is further improved. Hence, to guarantee enough UL coverage, sPUCCH with longer sTTI length would be required.
· Small standardization efforts
For DL/UL configuration {2, 7}, new DL HARQ timing and UL scheduling timing need to be specified. As discussed in [2], processing times for {2,7} are not complicated. In addition, multi-bit HARQ-ACK may be required in this case. However, the sPUCCH format with large payload size (> 2bits) can be re-used, almost without further standardization efforts.
Considering the potential benefits and little standardization efforts, DL/UL configuration of {2,7} should be supported for single carrier case. However, considering the limited standardization time, the specification of {2, 2} and {7, 7} can be prioritized than {2, 7}.
Proposal 1: Confirm working assumption of support on the DL/UL configuration of {2, 7} for sTTI.
3 DL/UL sTTI length configuration in CA scenarios
The DL/UL sTTI length configuration for CA scenarios is discussed in this section. For DL CA and UL single carrier case, it was agreed that for a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured. Thus we focus on UL CA cases.
3.1 DL CA and UL CA within the same PUCCH group
If different UL sTTI lengths are configured for different UL CCs, UL power control would be complicated considering the potential overlapping of UL sPUSCH/sPUCCH transmissions. To simplify the standardization and implementation, similar to DL, for a given UE, the same UL sTTI length should be configured for the serving cells within the same PUCCH group for which sTTI operation is configured. Furthermore, the combination of UL and DL sTTIs should be the same as that for UL and DL single carrier scenario discussed in section 2.
Proposal 2: For a given UE, the same UL sTTI length is configured for the serving cells within the same PUCCH group.
3.2 DL CA and UL CA across two PUCCH groups

In this scenario, we need to discuss two issues: 
· Whether to support different DL sTTI length for the serving cells across two PUCCH groups.

Since HARQ-ACK feedbacks for the serving cells belonging to different PUCCH groups are separately transmitted and same HARQ-ACK feedback mechanism can be applied to two PUCCH groups, whether the sTTI lengths for different PUCCH groups are same or not does not impact DL HARQ timing and HARQ-ACK feedback.

Therefore, the DL sTTI lengths for the serving cells belonging to different PUCCH groups should be able to be configured independently. 
· Whether to support different UL sTTI length for the serving cells across two PUCCH groups.

For UL, similar to UL CA within the same PUCCH group case, if different UL sTTI lengths for the serving cells belonging to different PUCCH groups are configured for different UL CCs, UL power control needs further study. If further benefits with different UL sTTI lengths can be justified, UL power mechanisms for DC may be reused as a starting point. To simplify the standardization and implementation, we propose same UL sTTI length for the serving cells across two PUCCH groups, as shown in Figure 1. 
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Figure 1. DL CA and UL CA across two PUCCH groups

As shown in Figure 1, since we support different DL sTTI lengths and same UL sTTI lengths across two PUCCH groups, supporting of {2, 7} seems more important. 
Proposal 3: For a given UE, different DL sTTI length can be configured for the serving cells belonging to different PUCCH groups.
Proposal 4: For a given UE, the same UL sTTI length is configured for the serving cells across two PUCCH groups.
4 Conclusions
In this paper, we have analyzed sTTI combinations with following proposals:
Proposal 1: Confirm working assumption of support on the DL/UL configuration of {2, 7} for sTTI.
Proposal 2: For a given UE, the same UL sTTI length is configured for the serving cells within the same PUCCH group.
Proposal 3: For a given UE, different DL sTTI length can be configured for the serving cells belonging to different PUCCH groups.
Proposal 4: For a given UE, the same UL sTTI length is configured for the serving cells across two PUCCH groups.
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