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1 Introduction

In RAN #72 meeting, the work item for shortened TTI was approved in [1]. Specifying shortened TTI operation and shortened processing time are included. In this work item, the specified solution should cover the cases of single carrier and carrier aggregation (CA). 
In this contribution, we discuss the CA related issues for sTTI operation. In detail, two TTI length configuration scenarios over multiple carriers are analyzed. In addition, the issues for both scenarios are identified, including cross-carrier scheduling and UCI feedback. 
2 Discussion on CA related operations
2.1 CA scenarios with TTI length configuration
As pointed by the WID [1], the specified solution should cover the case of carrier aggregation and non-carrier aggregation, where up to 32 carriers can be supported for eCA. Considering that sTTI could support a variety of TTI lengths, two scenarios will be discussed as following by combining (e)CA with sTTI.
Scenario 1: All carriers with the same TTI length
Under this scenario, the TTI length of all the carriers of one UE is the same as shown in figure 1. The eNB can dynamically switch the TTI length between 1ms TTI and sTTI or semi-statically configure the sTTI length for all carriers as single carrier scenario. 
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Figure 1 All carriers with the same TTI length
This scenario is easy for implementation with little standardization impact. It is straightforward to simply extend the HARQ timing from single carrier to multiple carriers without considering complex HARQ timing design for different sTTI lengths. Cross-carrier scheduling for PDSCH/PUSCH transmission can also reuse the legacy system with little enhancement.
Except the less standard effort, this scenario also has some drawbacks. If TTI length of all the carriers for a UE is 2OS, there may be not enough capacity for UCI feedback. If TTI lengths of all the carriers for a UE are 7OS or 1ms, the small data packet that can be transmitted in 2OS will have to be transmitted in 7OS or 1ms. It is a waste of resource. Furthermore, this scenario has flexibility loss in some cases. For example, there are cases both short TTI service and legacy service need to be handled at the same time. For this case, only one kind of TTI length related service can be treated once a time for all the carriers, while the other TTI length service has to wait. This will result in some latency problem. Although this scenario is a simple way, but it is not flexible one for CA.
Observation 1: it is an easy way to support multiple carriers with the same TTI length with certain scheduling limitation.
Scenario 2: Individually configured TTI lengths over carriers
In this scenario, the configured TTI lengths per carrier are different for a UE as shown in figure 2. This scenario may need more standardization effort. Cross-carrier and UCI feedback design need to be further considered when the TTI lengths over carriers do not align. However, it is more flexible for transmitting data packets of different sizes on different carriers to satisfy traffic with various latency requirements at the same time for per UE.
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Figure 2 Different TTI lengths over carriers
Observation 2:  It is flexible but with more specification effort for individually configured TTI lengths over carriers.
2.2 Issues in scenario 1 and scenario 2
2.2.1 Cross-carrier scheduling issues
In scenario 1, cross-carrier scheduling can be reused as legacy. 
In scenario 2, PCell/SCell may schedule another SCell with same or different TTI length. There is a problem compared to cross-carrier scheduling in scenario 1. For example, when a carrier with 7OS schedules a carrier with 2OS, sTTIs in two carriers are not aligned. How to schedule a carrier in different TTI length should be studied. For example: how to mapping the sPDCCH resource which cross-carrier schedules the Scell; how to indicate such sPDCCH resource to UEs on the scheduling carrier. Two options are given in the following. 
Option 1: DCIs for scheduled carriers are in the sPDCCH region of scheduling carrier.

In option 1, e.g. carrier with 7OS schedules carrier with 2OS, sTTI in carrier with 7OS can schedule 3 sTTIs in carrier with 2OS. The exactly scheduled sTTI in carrier with 2OS need to be indicated. When DCIs are both in the sPDCCH region, sTTI index in scheduled carrier should be carried in DCI.

Option 2: DCI for scheduling carrier is in the sPDCCH region, and DCI for scheduled carrier can be in the sPDSCH region.
In option 2, DCI for scheduled carriers is allowed to be carried in the sPDSCH region of scheduling carrier. DCI for scheduled carrier can be rate matched in the corresponding location. Both single-level DCI and two-level DCI are applicable in option 1 and 2.

On the other hand, PCell/SCell schedules SCell within the group with the same TTI length, which is defined according to different TTI lengths. Divide carriers with different TTI length into different component carrier (CC) groups. In each group, TTI lengths of these carriers are the same. Then cross-carrier scheduling can be utilized within the group. 
Observation 3: Cross-carrier scheduling issue needs to be further studied if individually configured TTI lengths over carriers are supported.
2.2.2 UCI feedback issues
Overhead of UCI feedback

As in work item for shortened TTI [1], carrier aggregation up to 32 carriers should be considered. UCI feedback of up to 32 carriers needs to be transmitted both for scenario 1 and 2. The most serious case in scenario 1 is the situation that TTI lengths of all the carriers are 2OS. All the UCI of up to 32 DL carriers need to be fed back. There may be not enough resources for UCI feedback. There are two methods to solve this problem. The first method is to transmit UCI in several sTTIs. The second method is to specify a priority rule for UE to select information for feedback, e.g. HARQ ACK/NACK has the highest priority. The least important information may be dropped to reduce the overhead for (e)CA. In scenario 2, different sTTI lengths are used on different carriers. The overhead problem and solutions are the same as scenario 1. sPUCCH with large payload size need to be considered. Overhead of aperiodic CSI also need to be considered in (e)CA [3].
UL CC selection
In scenario 2, different sTTI lengths are used on different carriers. UCI of different TTI lengths carrier need to be fed back. The problem is how to choose the UL CC with certain sTTI length to transmit UCI. 
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Figure 4 UCI group
One method is to divide UCI of different TTI lengths into different groups. Then UCI of different TTI lengths can be transmitted on different UL CCs. This method may introduce higher PAPR. But if the coverage of shorter DL TTI is reduced, the PAPR issue can be released. On the other hand, UCI of different groups can be transmitted on different sTTI of the same UL CC without collision. TTI length of UL CC by this method should take latency and capacity into account. 
2.3 Analysis and comparison for scenario 1 and scenario 2
As mentioned, scenario 1 is an easy way to implement CA with little standardization efforts. As discussed in above section 2.2, more standardization efforts are needed for both the cross-carrier scheduling and UCI feedback. Although scenario 2 provides the flexibility to satisfy multiple traffic types with various latency requirements at the same time, while such flexibility benefit may be marginal comparing to scenario 1 by using dynamic TTI length switching. Therefore, scenario 1 should be considered as the first priority. Of course, the scenario 2 can also be considered if the cross-carrier scheduling and UCI feedback issues can be well resolved.
Proposal 1: all carriers with the same TTI length have the first priority considering the potential standard efforts for cross-carrier scheduling and UCI feedback issues for individually configured TTI lengths over carriers.

Proposal 2: CA of multiple carriers with different TTI lengths can be further studied if the cross-carrier scheduling and UCI feedback issues are well resolved.
3 Conclusion
In this contribution, CA scenarios and issues for shortened TTI operation are discussed and we have the following conclusions:
Observation 1: it is an easy way to support multiple carriers with the same TTI length with certain scheduling limitation.

Observation 2:  It is flexible but with more specification effort for individually configured TTI lengths over carriers.

Observation 3: Cross-carrier scheduling issue needs to be further discussed if individually configured TTI lengths over carriers are supported.
Proposal 1: all carriers with the same TTI length have the first priority considering the potential standard efforts for cross-carrier scheduling and UCI feedback issues for individually configured TTI lengths over carriers.

Proposal 2: CA of multiple carriers with different TTI lengths can be further studied if the cross-carrier scheduling and UCI feedback issues are well resolved.
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