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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[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]. 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).  DL CA and UL non-CA for FS1 need to be completed by RAN#76.
In this contribution, we discuss the CA related issues for sTTI operation. In details, 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. 
[bookmark: _Ref129681832]Discussion on CA related operations
[bookmark: OLE_LINK159][bookmark: OLE_LINK160]CA scenarios with TTI length configuration
[bookmark: OLE_LINK155][bookmark: OLE_LINK156]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 (e)CA. Considering that sTTI could support a variety of TTI lengths, two scenarios will be discussed as following by combining (e)CA with sTTI.
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK301]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. When the eNB dynamically or semi-statically switches the TTI length between 1ms TTI and sTTI over subframes, this switch applies for all carriers.



Figure 1. All carriers with the same TTI length
[bookmark: OLE_LINK214][bookmark: OLE_LINK215]This scenario is easy for implementation with little standardization impact. It is straightforward to 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 CA system.
[bookmark: OLE_LINK226][bookmark: OLE_LINK227]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, which causes negative impact on latency. Furthermore, this scenario has flexibility loss in some cases. For example, there are cases both latency-sensitive traffic and non-sensitive service need to be handled at the same time. For this case, if a common TTI length is applied for all carriers, e.g., all carriers transmit 1ms TTI, it would result in adverse impact on the latency-sensitive traffic.
[bookmark: OLE_LINK17][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK43]Observation 1: it is not difficult to support multiple carriers with the same TTI length with certain scheduling limitation.
[bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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 scheduling 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.


Figure 2 Different TTI lengths over carriers
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK44]Observation 2:  It is flexible but with more specification effort for individually configured TTI lengths over carriers.
Issues in CA
Both of scenario 1 and 2 have problem to be solved, for example, UCI feedback issue and cross-carrier scheduling issue. For UCI feedback issue, it is a common issue for scenario 1 and 2. For cross-carrier scheduling issue, it is a problem for scenario 2. Both of the two issues are discussed in the following.
UCI feedback issue
Overhead of UCI feedback
As descripted in work item for shortened TTI [1], carrier aggregation up to 32 carriers should be considered. 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. In scenario 2, different sTTI lengths are used on different carriers. The overhead problem is the same as scenario 1. There are three methods to solve this issue. The first method is to transmit UCI in several sTTIs separately. The second method is to specify a priority rule for UE to select information for feedback [2], e.g. HARQ ACK/NACK has the highest priority. The least important information may be dropped to reduce the overhead for (e)CA. The third method is to design sPUCCH with large payload size to enable the large amount of feedback.
UL CC selection for UCI feedback
[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK157][bookmark: OLE_LINK158]For DL CA with UL non-CA. When the DL is CA with UL non-CA, UCI of all the DL carriers are transmitted on one UL carrier. Legacy rule can be reused for this case, if TTI lengths of UL and DL are the same. If the TTI length of DL and UL are different, the PUCCH format which transmits different DL carrier related UCI will depend on the type of DL TTI length. In scenario 2, UCI of carriers with different DL sTTI lengths can be transmitted on the sTTI of UL carrier. UCI of carriers with different DL TTI length may be transmitted on the same sTTI of UL carrier. Furthermore, both for scenario 1 and scenario 2, when the sPUCCH capacity is limited, multiple TDMed sPUCCH resource can be used to do the DL CA UCI feedback.
Proposal 1: when the DL is CA but the UL is non-CA, we can do DL carriers related UCI feedback according to:
· TDMed sPUCCH resources can be used for multiple DL carrier associated UCI feedback.
For both DL and UL are CA. In DL CA and UL CA case, different sTTI lengths are used on different carriers in scenario 2. UCI of carriers with different sTTI lengths need to be fed back. The problem is how to choose the UL CC with certain sTTI length to transmit UCI. 


Figure 3 UCI multiplexing on UL carrier of different TTI length
One method is to divide carriers of different TTI lengths into different groups based on DL sTTI lengths. UCI of each group should be multiplexed on one UL carrier. One possible method is to transmit UCI of a group on the UL carrier with the same sTTI length. This method can simply reuse the legacy rules. If UCI of different groups should be transmitted simultaneously on different UL CCs, higher PAPR may be introduced. If multiple UL CCs of different sTTI lengths can be used to transmit UCI of one group, as shown in figure 4, there are some options for UCI multiplexing. UCI of one group can be transmitted on the UL carrier with the shortest sTTI length to reduce latency, or transmitted on UL carrier with the longest sTTI to insure coverage. The selection of UL CC to multiplex UCI on should take latency and coverage into account. 
Proposal 2: when do UCI feedback for CA both for UL and DL:
· Define a DL carrier group according to the sTTI length of those DL carrier
· Do UCI feedback for the carrier group in one associated UL sTTI length carrier.
Cross-carrier scheduling issues
In scenario 2, in case the TTI lengths over carriers are different, there will be issues for cross-carrier scheduling. For example, when Pcell is configured with 7OS TTI length while a Scell is configured with 2OS TTI length, the sPDCCH patterns for the two carriers do not match. 
Option 1: DCI 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. sTTI index of scheduled carrier could be indicated in DCI of the scheduling carrier. When carrier with 2OS schedules carrier with 7OS, scheduling information that carried in sPDCCH of scheduled carrier should be transmitted before sPDSCH of scheduling carrier.
[bookmark: OLE_LINK165][bookmark: OLE_LINK166]Option 2: DCI for scheduled carrier puncture the PDSCH/sPDSCH region of the scheduling carrier.
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 punctured or rate matched in the corresponding location. Both single-level DCI and two-level DCI are applicable in option 1 and 2.
Option 3: scheduling within the group that consisting of carriers with the same sTTI length
To simplify cross-carrier scheduling, there is another possible approach. For carriers with different sTTI length, the approach is to configure groups which consists of carriers with the same sTTI length, e.g. carriers with 2OS and carriers with 7OS are in different groups. cross-carrier scheduling can be used within the gourp. Legacy cross-carrier scheduling rule can be reused within each group.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK167][bookmark: OLE_LINK168]Observation 3: Cross-carrier scheduling issue needs to be further studied if individually configured TTI lengths over carriers are supported.
[bookmark: OLE_LINK163][bookmark: OLE_LINK164]Analysis and comparison for scenario 1 and scenario 2
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]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 need 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.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK174]Proposal 3: all carriers with the same TTI length have the first priority. CA of multiple carriers with different TTI lengths can also be supported if the cross-carrier scheduling and UCI feedback issues are well resolved.
Conclusion
In this contribution, CA scenarios and issues for shortened TTI operation are discussed and we have the following conclusions:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: it is not difficult 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: when the DL is CA but the UL is non-CA, we can do DL carriers related UCI feedback according to:
· TDMed sPUCCH resources can be used for multiple DL carrier associated UCI feedback.
Proposal 2: when do UCI feedback for CA both for UL and DL:
· Define a DL carrier group according to the sTTI length of those DL carrier
· Do UCI feedback for the carrier group in one associated UL sTTI length carrier.
[bookmark: _GoBack]Proposal 3: all carriers with the same TTI length have the first priority. CA of multiple carriers with different TTI lengths can also be supported if the cross-carrier scheduling and UCI feedback issues are well resolved.
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