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1	Introduction
Note: This paper is a revised version of R1-1712791.

In legacy LTE, the transmit power for PUSCH during subframe  and cell  is given as:

The closed-loop parameter  is controlled by the eNB through the TPC command within the UL grant.  is indicated to a UE and consists of one cell-specific and one UE-specific component. Further,  is used to enable fractional power control. Also,  is set based on the chosen MCS; increases the transmit power for higher order modulation schemes and higher coding rates. 
Further, in legacy LTE, the SRS power is controlled via the PUSCH closed-loop parameter.
In this paper, we discuss power control for sPUSCH and sTTI SRS.
2	sPUSCH Power Control
As shown during the SI, due to its inferior channel estimation quality, sPUSCH is outperformed by a comparable PUSCH. For this reason, it makes sense to configure the sPUSCH open-loop power control parameters separately. Hence, we have:
Proposal 1: For sPUSCH, the open-loop power control parameters should be defined and configured independent of those of the legacy LTE. 
Moreover, as mentioned above, the closed-loop power control parameter  is controlled via a TPC command sent in the UL grant, and is applied to the entire UL subframe. For sPUSCH, the new closed-loop power control parameter should be defined which is sent via sDCI, and is applied to the corresponding UL sTTI.
Proposal 2: The closed-loop power control parameter of sPUSCH is controlled via a TPC command within the UL grant, and is applied to the corresponding UL sTTI.
Another aspect to look at is the power control for SRS transmission. In legacy LTE, the setting of the UE transmit power for the SRS during subframe  for serving cell  is defined as:

Similar to PUSCH versus sPUSCH power control, since the UE-specific SRS configurations may be different between 1ms SRS and shortened SRS, their open-loop power control parameters should be configured independently. Also, the closed-loop power adjustment for shortened SRS should be based on that of the sPUSCH.
Proposal 3: For sTTI SRS transmission, both the closed-loop as well as the open-loop power control parameters should be configured independent of those of the 1ms TTI. 
Whether a simultaneous transmission of different TTI lengths across different CCs is feasible is directly dependent on whether/under what conditions power sharing/splitting can be efficiently employed. In this regard, two scenarios should be looked at separately: (1) the simultaneous transmission of different TTI lengths across contiguous intra-band CCs, and (2) the simultaneous transmission of different TTI lengths across inter-band or non-contiguous intra-band CCs. For the first case, a UE uses a single RF chains. For the second case, a UE uses multiple RF chains.
In the first case, since a single RF chain is used, in case different TTI lengths are scheduled over different CCs, the phase continuity over the longer CC cannot be maintained. Hence, we have that:
Proposal 4: Simultaneous transmission of UL TTIs with different lengths across contiguous intra-band CCs is not supported.
Hence, like the case of the simultaneous transmission over the single CC, some dropping rules should be defined.
In the second scenario, if TTIs of different lengths are scheduled over different CCs, since separate RF chains are used, the phase continuity over the larger TTI length(s) can be preserved. 
Proposal 5: Simultaneous transmission of UL TTIs with different lengths across inter-band CCs and non-contiguous intra-band CCs is supported. 
One important aspect to consider here is the issue of power sharing across different TTI lengths. This can be done in two different ways. 
Approach 1: One promising way for UL power sharing across different TTI lengths under the second scenario is as follows: the eNB scheduler can semi-statically, e.g., via a RRC signalling, allocate a fraction of the total power to each of the supported TTI lengths. As an example, for a user that supports both 2-symbol and 1-slot sTTIs, the portion of the total power can be allocated to the 1ms TTI, the portion of the total power can be allocated to the 1-slot sTTI, and the portion of the total power can be allocated to the 2-symbol sTTI, where , and  is the amount of power reserved for the operation of the  TTI length over all activated CCs. 
If the power reserved for the longer (s)TTIs is not used (in case 1ms TTI and/or 1-slot sTTI are not scheduled), then all power is assigned to the shortest sTTI (e.g., the 2-symbol sTTI.) Further, if in any transmission stance, the required transmit power for the  TTI length is above , the UE has to scale down its transmit power allocated to the  TTI over all CCs. This can be done by defining some priority rules similar to the ones adopted for legacy LTE when the UE, in CA mode, is power-limited. As an example, the priority rule can be defined as (s)PUCCH > (s)PUSCH with UCI > (s)PUSCH.
Approach 2: In the second approach, the power assignment decisions are made more dynamically through the UL grant. As an example, for a UE that supports both the 1-slot and 2-symbol sTTIs, the UL power for the 1ms TTI  is indicated first since the 1ms UL grant is sent earlier. The amount of power remained for the 2-symbol and 1-slot operations is then . Next, the UL power for the 1-slot sTTI is indicated, and finally, the 2-symbol sTTI is assigned the residual power . By properly determining the values of ,  and , the eNB can prioritize the transmission of a certain TTI length. In case, a UE is power limited, then the longer TTIs have lower priorities, and should be dropped.
Pros and Cons: Approach 1 is more power efficient in a sense that the allocated power for the longer TTI will not be wasted by dropping.  Also, if not all the reserved power for the longer TTI is used, it can be used by the shorter TTI. In addition, since the powers are semi-statically allocated, the PHR for the two operations can be performed separately and independently. However, if the UE is power-limited, then the power of the shorter TTI should be scaled down, i.e., the sTTI performance will be impacted. On the other hand, under Approach 2, sTTI always has a priority, i.e., its power does not need to be scaled down. However, if some power is assigned to the longer TTI, and the longer TTI is dropped, the power is wasted. Moreover, PHR computation under this scheme is more challenging since the allocated powers to different TTI length are dependent.
Proposal 6: When UL TTIs with different lengths are scheduled over inter-band or non-contiguous intra-band CCs, adopt either Approach 1 or Approach 2 for UL power assignment.
        Conclusions  
Proposal 1: For sPUSCH, the open-loop power control parameters should be defined and configured independent of those of the legacy LTE. 
Proposal 2: The closed-loop power control parameter of sPUSCH is controlled via a TPC command within the UL grant, and is applied to the corresponding UL sTTI.
Proposal 3: For sTTI SRS transmission, both the closed-loop as well as the open-loop power control parameters should be configured independent of those of the 1ms TTI. 
Proposal 4: Simultaneous transmission of UL TTIs with different lengths across contiguous intra-band CCs is not supported.
Proposal 5: Simultaneous transmission of UL TTIs with different lengths across inter-band CCs and non-contiguous intra-band CCs is supported. 
Proposal 6: When UL TTIs with different lengths are scheduled over inter-band or non-contiguous intra-band CCs, adopt either Approach 1 or Approach 2 for UL power assignment.
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