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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][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]In RAN #75 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 agreement was achieved [2]:
· [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 the RAN1#88 meeting, the following agreement related to sTTI combination was achieved [3]:
· Confirm working assumption on support for {DL, UL} sTTI combination {2, 7}.
· [bookmark: OLE_LINK84][bookmark: OLE_LINK85]The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK75][bookmark: OLE_LINK76]FFS whether different sTTI combination can be configured for different PUCCH group
In this contribution, we discuss the issues on UCI feedback, cross-carrier scheduling, and potential uplink power control issue when different component carrier sPUCCHs are overlapped.
[bookmark: _Ref129681832]Discussion on CA related operations
[bookmark: OLE_LINK44]In CA scenarios,  UCI feedback and TTI length configuration of UL carriers are discussed in section 2.1. Corresponding potential uplink power control issue is also discussed. Cross-carrier scheduling is considered in section 2.2.
UCI feeds back and potential uplink power control issue
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 options can be used to solve this.
· Option 1: The first method is to specify a priority rule for UE to select information for feedback [4], e.g. HARQ-ACK has the highest priority. 
· Option 2: 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_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK60]According to the agreement, The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}. Whether different sTTI combination can be configured for different PUCCH group is for further studied. The same TTI length for UL carriers can simplify the standardization, however, restricting the same sTTI/TTI length among all the UL carriers is quite limited. Consequently, for one PUCCH group with shortened TTI, the TTI length of the UL carrier can be per carrier configurable. This can be more flexible. There are two cases for the UL TTI lengths on different carriers as following.
· [bookmark: OLE_LINK117][bookmark: OLE_LINK118]Case 1: Short TTI length and legacy TTI length configuration for different UL carriers.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK61][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK52][bookmark: OLE_LINK53]As shown in figure 1a), for one UE, sTTI operation may not be configured on all the carriers and some carriers can be used for legacy transmission in case of various services. sTTI is beneficial to latency reduction, but legacy TTI still has merit. sTTI requires smaller maximum TA value, and this results in smaller coverage. Legacy TTI can support higher order MIMO with less DMRS overhead than sTTI. In order to achieve scheduling flexibility, latency and coverage requirement, for a given DL sTTI length, it is beneficial to support TTI type switching between sTTI and legacy 1ms TTI per carrier. TTI type configuration should be per carrier to ensure flexibility of scheduling and feedback. As shown in figure 1b), 2OS or 7OS is configured on one UL carrier, and legacy 1ms TTI is also allowed on another UL carrier. 
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK122]Observation 1: TTI type between sTTI and legacy 1ms TTI should be adaptable to the traffic requirement.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]                     
                 a) Legacy services for some carriers                                                           b) Dynamic fallback to legacy TTI
Figure 1 Short TTI length and legacy TTI length configuration for different UL carriers
· [bookmark: OLE_LINK120][bookmark: OLE_LINK121]Case 2: Different short TTI lengths configuration for different UL carriers.
As analyzed above, different short TTI lengths configuration for different carriers can bring scheduling flexibility. For UL it is observed that different TTI lengths can result in different coverages. Therefore, there is benefit to allow different UL TTI lengths on different carriers, for example, different UL TTI lengths on different carriers can support different UCI payloads. As in figure 2, sTTI combination within PUCCH group 1 is {2, 2}, and {7, 7} is configured within PUCCH group 2.


Figure 2 Different short TTI lengths configuration for different UL carriers
[bookmark: OLE_LINK109][bookmark: OLE_LINK112][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Proposal 1: Different sTTI combination can be configured for different PUCCH group.
In above two cases, different UL TTI length may be configured on different carriers. At least, sTTI and 1ms legacy TTI length may exist on UL carriers. As shown in figure 3, UL TTI length of PUCCH group1 is 2OS, and UL TTI length of PUCCH group 2 is 7OS. UCI transmissions on UL carrier 1 and UL carrier 2 are overlapped. This may result in some power sharing issue among different UL carriers. Some implementation based solutions can be used to solve this issue. For example, eNB can schedule traffic between different carriers with different TTI lengths in a TDMed manner. But this solution has some disadvantages. Firstly, TDM manner will enlarge the scheduling latency. The service may be wait a longer time for transmission. Therefore, this is inconsistent with the purpose of latency reduction. Secondly, this solution restrict the scheduling flexibility of eNB.


Figure 3 Transmission overlap
[bookmark: OLE_LINK113][bookmark: OLE_LINK116][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK43][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK54][bookmark: OLE_LINK55]Potential uplink power control issue
The potential uplink power control issue need to be resolved when the different UL TTI length can be configured across PUCCH groups. As analyzed above, it seems that giving some solution to share the transmission power among different carriers is a better way. When UL power is limited for the overlapped transmission, the power assignment priority need to consider TTI length and the contents of transmission. The following existing options can be considered to solve this issue to reduce the potentially standard effort: 
· Option 1: as what LTE has done, we can drop part of UCI information according to the UCI message priority when the transmission power is limited. Or we can assign the UL power in a scalable manner according to the UCI message priority. 
· Option 2: some minimum reserved transmission power defined in DC can be reused when sharing the transmission power among different overlapped PUCCH groups. This option can make some type of sTTI length has some chance to transmit with the minimum reserved power.  
[bookmark: OLE_LINK127][bookmark: OLE_LINK128]Proposal 2: When different UL TTI length transmissions are overlapped among PUCCH groups, power sharing mechanism should be defined. 
· To reduce the standard effort both priority based or minimum reserved power methods defined in LTE can be reused. 
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][bookmark: OLE_LINK134]Proposal 3: 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:
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: TTI type between sTTI and legacy 1ms TTI should be adaptable to the traffic requirement.
Proposal 1: Different sTTI combination can be configured for different PUCCH group.
Proposal 2: When different UL TTI length transmissions are overlapped among PUCCH groups, power sharing mechanism should be defined. 
· To reduce the standard effort both priority based or minimum reserved power methods defined in LTE can be reused. 
Proposal 3: Cross-carrier scheduling is allowed only when DL carriers have the same sTTI length.
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