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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]In RAN #75 meeting, the revised work item for shortened TTI was approved in [1], including specification of 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). 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK22]In the RAN1#88b meeting, the following agreement related to sTTI combination was achieved [2]:
· Different DL sTTI length can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured
· FFS: If different UL sTTI lengths can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]In the RAN1#89 meeting the following agreements were achieved [3]:
· sTTI operation is configured per CC
· If sTTI is configured on any SCell within a PUCCH group, the cell carrying PUCCH shall be configured with sTTI with the sTTI combination of the PUCCH group
· sTTI operation can also be configured in a DL only SCell
In the RAN1#90 meeting the following agreements were achieved [4]:
· RAN2 specification should allow for different UL sTTI lengths to be configured for the serving cells across different PUCCH groups for which sTTI operation is configured. Such a configuration might be restricted in RAN1 specifications later on.
· NOTE: Power allocation and applicable band combinations for this case is FFS
· NOTE: No specific optimization for power allocation is intended
· [bookmark: OLE_LINK75][bookmark: OLE_LINK76]Define separate UE capability per sTTI length combination {DL,UL}: 
· [bookmark: OLE_LINK84][bookmark: OLE_LINK85]{2,2},{2,7},{7,7},{7,7}+{2,7},{2,2}+{2,7},{7,7}+{2,2}
· [bookmark: OLE_LINK90][bookmark: OLE_LINK91]NOTE: The last two combinations only apply if different UL sTTI lengths in different PUCCH groups are supported.
· For each combination above, define separate UE capability on the maximum number of DL CCs and UL CCs for sTTI operation
· FFS: Define separate UE capability per band/band combination
In this contribution, we discuss power control issue when different uplink sTTI lengths are configured for different PUCCH groups.
[bookmark: _Ref129681832][bookmark: OLE_LINK44]Discussion on power control issue for different UL sTTI lengths
To support different coverage, UCI capacity or timing advance, it is a flexible way to independently configure UL sTTI length for each PUCCH group. If different UL sTTI lengths are configured for different CCs, UL power control needs further study.
As shown in figure 1, UL TTI length of PUCCH group1 is 2OS, and UL TTI length of PUCCH group 2 is 7OS. Transmissions of different TTI lengths on UL carrier 1 and UL carrier 2, including sPUSCH with or without UCI, sPUCCH, SRS and PRACH, 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 have to 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 1 Overlap between 2-symbol and 7-symbol transmission
Another option is that UL transmission with different TTI lengths can be transmitted simultaneously, but the transmission power is shared among different carriers. Then the latency and scheduling flexibility can be ensured. As one option for the power sharing, we can scale the transmission power according to the priority when the transmission power is limited. In one case, overlap is occurred at the beginning of 7-symbol transmission, then 2-symbol transmission has a higher priority. In another case, 2-symbol transmission is occurred in the middle of 7-symbol transmission. This case is similar with simultaneous transmission of sTTI and 1ms TTI and has been discussed in companion paper [5]. In addition, when TTIs with different lengths overlap as shown in figure 1, the power control on DMRS should be considered. If the DMRS is shared among sTTIs, it should be of a higher priority to guarantee several sPUSCH transmissions. 
[bookmark: OLE_LINK172][bookmark: OLE_LINK173]As another option, when sharing the transmission power among transmissions of different UL sTTI lengths, minimum guaranteed transmission power defined in DC can be considered in sTTI. The minimum guaranteed transmission power is related to the channel type and sTTI length. With this option, the transmission power of longer TTI length can also be guaranteed.  

[bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK127][bookmark: OLE_LINK128]Proposal: When different UL TTI length transmissions are overlapped among PUCCH groups, 
· Both priority based power scaling and minimum reserved power in power limited scenario can be considered.

Conclusion
In this contribution, power control issue for different UL sTTI lengths is discussed and we have the following conclusions:
Proposal: When different UL TTI length transmissions are overlapped among PUCCH groups, 
· Both priority based power scaling and minimum reserved power in power limited scenario can be considered.
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