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1 Introduction

This contribution mainly discusses the UL power control related aspects in short TTI transmission.
2 UL power control 
In receiving PUSCH, eNB performs demodulation assuming phase continuity between DMRS and data symbols. If there’s phase discontinuity, the receiving performance of PUSCH would be significantly degraded, even failed. Regarding RAN1 LS [1], RAN4 have achieved following agreements in [2]:

· If DMRS symbol is shared over 2 consecutive sTTIs, the UE output power level should be the same level.
To keep phase continuity and share DMRS between sTTIs, the UE output power level should be the same between these sTTIs. From [3][4], the UE output power level is related with channel transmit power and Pcmax. In section 5.1 of [3], the channel resource assignment bandwidth and TPC command could change the channel transmit power. In section 6 of [4], the modulation and the channel resource assignment may change the MPR or A-MRP, which are used to calculate the lowest boundary value of Pcmax. Then, the MCS and resource assignment should not be changed between these sTTIs, in order to keep the UE output power level at the same level. Therefore, we have following proposal:
Proposal 1: When multiple short TTIs scheduled to the same UE share a DMRS symbol, the MCS and resource assignment for those sTTI should be the same and TPC is 0dB in order to keep the same UE output power level.
2.1 UL power control when TTIs with the same lengths overlap
In the Rel.11 carrier aggregation, when the total transmission power of UE exceeds the maximum UE transmission power, power scaling priority is specified based on channel type, i.e.,  PRACH>PUCCH>PUSCH with UCI > PUSCH without UCI > SRS. For the simultaneous transmissions of the same type channels, e.g., PUSCH without UCI, the power of each channel is equally scaled.  In the Rel.12 synchronized dual connectivity, the power scaling priority is further determined by UCI type, which is HARQ/SR > CSI > data > SRS.
In short TTI case, the transmission of sPUSCH with UCI, sPUSCH without UCI, sPUCCH, SRS, and PRACH channels may be transmitted in the same subframe. In addition, considering DMRS sharing among sTTIs, there will be cases such as sPUSCH without DMRS, sPUSCH with DMRS, sPUCCH with DMRS, which are shown in Figure 1 and Figure 2. These cases should also be considered in power scaling priority.
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Figure 1. Channel transmission case if simultaneous sPUSCH and sPUCCH transmission or UL CA in sTTI
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Figure 2. Channel transmission case if UL CA in sTTI
From the above discussions, we have the following proposal:
Proposal 2: UL power scaling priority should be further studied, considering channel type, UCI type, DMRS sharing, and sTTI/TTI multiplexing.
2.2 UL power control when TTIs with different lengths overlap
Since the 1ms TTI and sTTI can be dynamically scheduled per cell, the impacts of the simultaneous UL transmissions with different length TTIs on uplink power control should be considered. In such cases, the shortened TTI may occur at the middle of longer TTI, the starting TTI boundaries of UL channels with different TTI lengths may not be aligned as shown in Figure 3. As a result, there would be an uplink timing difference between UL channels with different TTI lengths. For simultaneous transmission of 2-symbol and 1ms TTI, the uplink timing difference can be from 0 to 11 symbols plus maximum TAG difference time. As this has been considered in power control for DC, which has maximum uplink timing difference of 35.21us in synchronous DC and 500us in asynchronous DC, the UL power control solution of DC should be considered as a baseline for sTTI. 

Furthermore, considering the potential simultaneous UL transmission of different TTI lengths within a PUCCH group, the configuration of minimum guaranteed power per cell group may not be effective, because it cannot guarantee the required power for more important data or UCI, which are more likely to be transmitted on shorter TTI lengths. Hence, the semi-static configuration of minimum guaranteed power per TTI length is more reasonable than per cell group. 
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Figure 3. Channel transmission case when 1ms TTI and sTTI transmissions overlap
Proposal 3: UL power control of dual connectivity should be considered as the baseline for sTTI.
3 Transmission timing adjustments
In legacy LTE [4], if a timing advance command received, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of a subframe. For serving cells in the same TAG, when the UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1. 

The non-transmission of overlapping part may have marginal impacts to 1ms TTI, as it’s a tiny part compared TTI length. However, with TTI length shortened, it would have larger impact to a sTTI in overlapping. Considering the power ON/OFF time mask, the performance will be further degraded. The latter sTTI may carry more important information than the former TTI/sTTI as shown in Figure 4 and 5, assuming the TA command applies at beginning of a subframe. In Figure 4, the latter sTTI carrying UCI is of higher priority than the former sTTI carrying data, and in Figure 5, the latter sTTI carries latency-sensitive which may be more important than the former TTI. In such cases, the legacy UE behavior would have large impact to the performance.
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Figure 4. Channel transmission case between sTTI and sTTI due to the timing adjustment 
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Figure 5. Channel transmission case between 1ms TTI and sTTI due to the timing adjustment 
Furthermore, if the DMRS of latter sTTI in overlapping is placed in the first symbol and shared by following several sTTI, the non-transmission of overlapping part would decrease the performance of multiple sTTI. Therefore, DMRS sharing should be considered in timing adjustment.
There can be two alternatives to solve this issue.
· Alternative 1 is to leave eNB implementation.
This alternative has no standard impacts. However, it has large scheduling restriction that the eNB has to not scheduled sTTI transmission or use lower MCS for the latter sTTI in overlapping. In addition, if the UE transmits sPUCCH in the latter sTTI in overlapping, eNB implementation cannot resolve the sPUCCH performance degradation.
· Alternative 2 is to use the priority transmission.
In this alternative, the overlapping part of sTTI with higher priority is transmitted. The priority definition can be further studied based on the power control rules of UL CA in short TTI feature.
Considering the performance benefit, alternative 2 is preferred.

Proposal 4: When short TTI transmissions in two consecutive subframes are overlapped due to the timing adjustment, the UE shall transmit the short TTI with higher priority and not transmit the overlapping part of the short TTI with lower priority, FFS: short TTI priority definition.
Proposal 5: When 1ms TTI transmissions and short TTI transmissions in two consecutive subframes are overlapped due to the timing adjustment, the UE shall transmit short TTI transmissions and not transmit the overlapping part of 1ms TTI transmissions.
4 PHR 

In the Rel.11 carrier aggregation, there are two types of PHR specified [4]. Type 1 only considers PUSCH transmission no matter whether there is PUCCH transmission, while type 2 assumes a simultaneous transmission of both PUSCH and PUCCH. Then, the power headroom is calculated as
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is estimated by UL grant, pathloss, etc. The power headroom report is transmitted in UL-SCH. 

With the introduction of short TTI transmission, one UE shall report power headroom to eNB to help schedule short TTI transmission. The same methodology of power headroom calculation can be used to short TTI transmission, while time domain granularity can be short TTI instead of subframe.
Proposal 6: Time granularity of power headroom report should be sTTI instead of subframe.
5 Conclusion

In this paper, we discuss UL power control, and have following proposals: 
Proposal 1: When multiple short TTIs scheduled to the same UE share a DMRS symbol, the MCS and resource assignment for those sTTI should be the same and TPC is 0dB in order to keep the same UE output power level.
Proposal 2: UL power scaling priority should be further studied, considering channel type, UCI type, DMRS sharing, and sTTI/TTI multiplexing.

Proposal 3: UL power control of dual connectivity should be considered as the baseline for sTTI.
Proposal 4: When short TTI transmissions in two consecutive subframes are overlapped due to the timing adjustment, the UE shall transmit the short TTI with higher priority and not transmit the overlapping part of the short TTI with lower priority, FFS: short TTI priority definition.
Proposal 5: When 1ms TTI transmissions and short TTI transmissions in two consecutive subframes are overlapped due to the timing adjustment, the UE shall transmit short TTI transmissions and not transmit the overlapping part of 1ms TTI transmissions.
Proposal 6: Time granularity of power headroom report should be sTTI instead of subframe.
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