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1 Introduction

In the RAN1#90bis meeting, the agreement of sPUSCH and sPUCCH power is achieved as follows.

	Agreements for sPUSCH:

· For sPUSCH, the power control equation is reused from the PUSCH power control equation for 1ms TTI.  

· FFS on sTTI specific parameter definition and configurations 

· For sPUSCH, the scaling parameter for path-loss estimate  
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 for sTTI operation is reused from the parameter for 1ms TTI.

· Simultaneous transmission of different TTI lengths across different carriers are allowed only if a UE reports the capability. A common capability/configuration is defined regardless of UL TTI length combinations. The capability is defined per band/band combination. The UE capability is not separated per combination of different channel types
· For sPUSCH, the configured P_0 (for 1 ms operation) is reused for sTTI operation.

· For sPUSCH, the power offset value depending on MCS 
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 for sTTI operation is derived by reusing the existing parameter for 1ms TTI.

· For sPUSCH, only the TPC from sDCI is considered.


	Agreements for sPUCCH:

· For sPUCCH, the power control equation is reused from the PUCCH power control equation for 1ms TTI.  

· FFS on separate hadling of 2os or 3os sTTI
· For sPUCCH, the parameter 
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 for sTTI operation is the same value configured as for 1ms TTI. 
· For sPUCCH, the parameter of 
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  is defined relative to PUCCH format 1a (as in legacy) and separately configured for sTTI operation from 1ms TTI operation. 

· For sPUCCH, in order to derive 
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the existing equation for 1ms TTI is reused with modification of the definition on BPRE as  
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, where  
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 is the sum of total number of UCI bits including CRC bits on sPUCCH format 4 divided by the number of REs for sPUCCH.

· For sPUCCH, the current 
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 for format 3 definition is reused.

· To derive  
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, the sum of HARQ-ACK bits for PDSCH as well as those for sPDSCH carried by sPUCCH should be taken into account if PUCCH/PUSCH is collided with sPUCCH within the same subframe on a given carrier. 

· Tx diversity in sPUCCH format 1/1a/1b/3 is defined as in legacy PUCCH and is a separate UE capability between 1 ms and sTTI.

· 
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 is separately configured for sTTI operation using the same parameter range as for 1 ms operation.

· For sPUCCH, only the TPC from sDCI is considered.


This contribution mainly discusses the remaining issues of sPUSCH and sPUCCH power control.
2 DMRS sharing between sPUSCHs
In receiving PUSCH of legacy system, 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. According to the agreements in the RAN1#89 meeting, the same output power and resource assignment should be for those sTTI.
Agreement:
· When multiple sPUSCH scheduled to the same UE share a DMRS symbol, the eNB has to guarantee the same output power and resource assignment for those sTTI.
However, 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 for those sTTI should be the same and TPC is 0dB in order to keep the same UE output power level.
3 Transmission timing adjustments
In legacy LTE [1], 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 3 and 4, assuming the TA command applies at beginning of a subframe. In Figure 3, the latter sTTI carrying UCI is of higher priority than the former sTTI carrying data, and in Figure 4, 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 3. Channel transmission case between sTTI and sTTI due to the timing adjustment 
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Figure 4. 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 2: 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 3: 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 Conclusion

In this paper, we discuss UL power control for sPUSCH, and have following proposals: 

Proposal 1: When multiple short TTIs scheduled to the same UE share a DMRS symbol, the MCS for those sTTI should be the same and TPC is 0dB in order to keep the same UE output power level.
Proposal 2: 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 3: 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.
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