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[bookmark: _Ref298777854]Introduction
The following agreement was made in RAN1#84. 
“Following aspects are further studied in the next RAN1 meeting
· Note: But the study is not limited to them.
· Design of sPUSCH DM-RS
· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe
· Alt.2: DM-RS contained in each sPUSCH
· HARQ for sPUSCH
· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case
“
In this contribution, we discuss how carrier aggregation (CA) can be supported in combination with sTTI.
Discussion
With carrier aggregation (CA), users are scheduled on several carriers and experience a higher throughput than without CA. For exactly those users with high throughput, the TCP slowstart phase can be the main contributor to the overall transmission time. It is thus relevant to accelerate the slowstart phase for CA users by means of shortened TTI. This enables to reach the TCP congestion window size that corresponds to the data rate offered by CA much faster.
It is beneficial to support CA and sTTI jointly
To support carrier aggregation in combination with short TTI, mostly two mechanisms of short TTI need to be carefully designed: the scheduling mechanism and the HARQ feedback mechanism. These two aspects are discussed further in the following sections.
DCI
In Rel 13 Carrier Aggregation two mechanisms are supported for sending DCI to CA capable UEs: cross-carrier (CC) scheduling and self-carrier (SC) scheduling. In CC based CA, the DCI for secondary cells (Scells) is sent on another cell than the PDSCH is located on. A field is added to indicate the carrier index that is scheduled for the UE. In SC based CA, the DCI for a Scell is sent over the PDCCH of the corresponding Scell, no carrier indicator is needed in the DCI.
In Rel 14 for latency reduction, there is some benefit for a two-stage DCI mechanism based on a slow DCI and a fast DCI in order to reduce the control overhead in each sTTI to the minimum. This is also discussed in more details in [1] [2]. The slow DCI typically contains scheduling information that is not critical to be updated more frequently than on a subframe basis. This can be the frequency allocation for sTTI operation, later called “sTTI band”, and the group of UEs that is asked to monitor fast DCI. The fast DCI contains information that will be updated in each new sTTI. The fast DCI typically indicates the actual UE scheduled in a particular sTTI for the frequency allocation mentioned in the slow DCI. 
If the two-stage DCI approach is adopted for sTTI, the need for CC or SC- based transmission of the slow DCI and the fast DCI for a Scell has to be analyzed. The use of cross-carrier scheduling for the fast DCI becomes complicated because if the delay should not be extended too much there is need to have rather aligned sTTIs between the aggregated carriers. If cross-carrier scheduling is not utilised the fast DCI will simply be indicated on the specific Scell. The main aspect of discussion is how the UE get to know about the sTTI band on a specific SCell. There are multiple options to consider for this. The first approach is that the UE reads the common search space on each Scell to receive the associated slow DCI for that SCell. A second approach is that the UE is scheduled a UE specific message on any carrier but it indicates the slow DCI for a specific carrier. Such a slow DCI would be sent in the PDCCH of any carrier. The third option is that the UE receive the message in the common search space on the Pcell. This aspect needs to be studied further in detail in any potential work item.

Self-scheduling of fast DCI is supported
Cross-carrier scheduling of fast DCI is FFS
Study further which option(s) to adopt among the identified options for providing an slow DCI for an SCell. 
a. Slow DCI in common message on each specific SCell
b. Slow DCI for a specific SCell in a UE specific message
c. Slow DCI for all SCell are provided in the common search space on the PCell

HARQ Feedback
Until Rel 12, the HARQ feedback of scheduled component carriers (CC) is transmitted on PUCCH of the Pcell of a UE. A specific PUCCH format, PUCCH format 3, was defined to accommodate the high payload in case of transmission of HARQ feedback for several component carriers. Further high payload PUCCH formats, PUCCH format 4 and 5, exist as well. 
Similarly, for sTTI operation in conjunction with CA, fast HARQ feedback is needed to achieve low latency. A high payload sPUCCH format should thus be defined to accommodate the HARQ feedback for several component carriers over sPUCCH. This high payload sPUCCH format may also be useful to transmit HARQ feedback for several sTTI using frame structure 2, see discussion in [3]. It should be observed that sPUCCH may need to carry HARQ feedback for several different short TTIs for FS1 as well. An example of such a situation is illustrated in Figure 2 for a UE scheduled over two carriers and in 6 consecutive 2 symbol long sTTI. A minimum delay of 2 ms for sending the HARQ feedback is assumed. As seen in the figure, if the TTI length for sPUCCH is different than the DL TTI length for sPDSCH, HARQ feedback for several sTTI needs to be sent in the same sPUCCH, and this for several component carriers. A high payload sPUCCH format is therefore needed.
A high payload sPUCCH format is needed to transmit HARQ feedback for several scheduled component carriers over sTTI.
A high payload sPUCCH format can be defined to cover many use cases, such as CA and FS2.

A high payload format is defined for sPUCCH.
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[bookmark: _Ref447213669]Figure 2	Example where multiplexing of several HARQ feedbacks in the same sPUCCH is needed (2 symbol long TTI in DL, 4 symbol long TTI in UL)

Summary
In this contribution we discussed the usage of carrier aggregation with shortened TTI. The following observations and proposals were made.

1. It is beneficial to support CA and sTTI jointly
1. A high payload sPUCCH format is needed to transmit HARQ feedback for several scheduled component carriers over sTTI.
1. A high payload sPUCCH format can be defined to cover many use cases, such as CA and FS2.
1. Self-scheduling of fast DCI is supported
1. Cross-carrier scheduling of fast DCI is FFS
1. Study further which option(s) to adopt among the identified options for providing an slow DCI for an SCell. 
4. Slow DCI in common message on each specific SCell
4. Slow DCI for a specific SCell in a UE specific message
4. Slow DCI for all SCell are provided in the common search space on the PCell
1. A high payload format is defined for sPUCCH.
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