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[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK129][bookmark: OLE_LINK133]In RAN #73 meeting, the revised work item for shortened TTI was approved in [1], including to specify the shortened TTI and shortened processing time. In this work item, the specified solution should cover the cases of single carrier and carrier aggregation (CA).  DL CA and UL non-CA for FS1 need to be completed by RAN#76. In the RAN1#87 meeting, the following agreements related to DL sTTI length were achieved [2]:
· 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.
· [bookmark: OLE_LINK69][bookmark: OLE_LINK77][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK78][bookmark: OLE_LINK81][bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK82][bookmark: OLE_LINK83]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 mainly discuss the issues on UCI feedback and cross-carrier scheduling in CA.
[bookmark: _Ref129681832]Discussion on CA related operations
[bookmark: OLE_LINK44][bookmark: _GoBack]Considering CA scenarios, detailed designs for UCI feedback and cross-carrier scheduling need to be further discussed.
UCI feedback 
Large payload size of UCI feedback
For features like carrier aggregation, all the UCI of DL carriers need to be fed back. The most serious case is the situation that the number of DL carriers is large, e.g. 32 DL carriers, and TTI lengths of all the DL carriers are 2OS. The large payload size of UCI needs to be carefully designed for short TTI with small number of available symbols supporting the multiple carriers CA. With a shortened TTI length, the issue of very large UCI payload size needs to be considered. Two methods are considered to solve this issue in the following. The first method is to specify a priority rule for UE to select information for feedback [3], e.g. HARQ-ACK has the highest priority. The least important information may be dropped to reduce the overhead for (e)CA. The second method is to design sPUCCH with very large payload size to enable the large amount of feedback.
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[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK157][bookmark: OLE_LINK158]For one PUCCH group with shortened TTI, the TTI length of the UL carrier can be configurable. According to the agreement, the TTI length of UL carrier can be configured larger than or equal to the DL TTI length. As payload size of UCI feedback could be very large, the configuration of UL TTI length should take both latency and coverage into account. As discussed in companion contribution [4], the support of {DL, UL} configuration {2, 7} is proposed to be confirmed. 
Details for UCI feedback
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]For DL CA and UL CA case, the same DL sTTI length is configured for the serving cells within the same PUCCH group. For different DL TTI lengths for different PUCCH groups, as shown in figure 1, UCIs of DL carriers can be fed back within corresponding PUCCH groups. Since the TTI length of sPUCCH can be equal to or larger than the DL TTI length, UL TTI length of different sPUCCH group can be same or different considering coverage and potential standardization efforts. For one case, UL TTI length of different PUCCH group can be different. As shown in figure 1a, UL TTI length is the same as DL TTI length. This is the simplest way and have latency benefits for 2OS case. But this case results in potential UL power control issue if the different PUCCH groups which are transmitted in the same subframe. Another case is that UL TTI lengths of different PUCCH group are the same, shown in Figure 1b, where the UL TTI lengths are 7OS for all PUCCH group. This case can simplify the standardization and implementation. 


          
a) Different UL sTTI length between PUCCH groups                                          b) The same UL sTTI length between PUCCH groups
Figure 1 UCI multiplexing on UL carrier of different TTI length
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Cross-carrier scheduling
In case the TTI lengths over carriers can be different, there will be some issues for cross-carrier scheduling. For example, for DL carriers with different TTI lengths, the sPDCCH patterns for the two carriers may not match. 
To simplify cross-carrier scheduling, we propose that cross-carrier scheduling is only allowed between DL carriers with the same TTI lengths. By this way, the legacy cross-carrier scheduling rule can be reused within each group.
[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK167][bookmark: OLE_LINK168]Proposal 2: Cross-carrier scheduling is allowed only when DL carriers have the same sTTI length.
Conclusion
In this contribution, CA scenarios and issues for shortened TTI operation are discussed and we have the following conclusions:
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Proposal 2: Cross-carrier scheduling is allowed only when DL carriers have the same sTTI length.
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