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1. Introduction
In this contribution, our views on uplink power control for shortened TTI is presented. 
2. Overview on uplink power control for sTTI
In [1], the setting of the UE transmit power for a PUSCH transmission in a subframe i on a given carrier c is defined as following:
In case the UE transmits PUSCH without a simultaneous PUCCH for the serving cell c, 

 [dBm]
In case the UE transmits PUSCH simultaneous with PUCCH for the serving cell c,

 [dBm]
In case the UE is not transmitting PUSCH for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall assume the transmit power is computed by

 [dBm]

Regarding the UE transmit power for a PUCCH transmission in subframe i on the primary cell c, depending on the PUCCH formats, different settings of PUCCH transmission power are defined as following:
In case the UE transmits PUCCH format 1/1a/1b/2/2a/2b/3, 

 [dBm]
In case the UE transmits PUCCH format 4/5, 

 [dBm]
In case the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE shall assume the transmit power for PUCCH in subframe is computed by 

 [dBm]
The detailed description for each parameter in above equations can be referred to [1]. 

[bookmark: _GoBack]During the study item, many link level evaluations were performed for both sPUSCH and sPUCCH; the related results are summarized in [2]. By comparing the sTTI with 1ms TTI, it is observed that for both sPUSCH and PUSCH, the SNR operation points to achieve 10% BLER is similar, implying that the same target received power level as for PUSCH can be set for sPUSCH. However, especially for 2-symbol sPUSCH, it would be possible that multiple sPUSCHs at different sTTIs multiplex DMRS using e.g., CS [3]. Therefore, for this case of sPUSCH,  should be 1 and P0 should be aligned among UEs, so that near-far problem on the DMRS does not occur. On the other hand, for PUSCH, typically  should be less than 1 and P0 should be adjusted per UE. Therefore, it would be beneficial to configure separate parameter values like P0, etc. For closed loop parameter fc, also called TPC command, detailed discussion can be found in section 3.
[bookmark: OLE_LINK50]For sPUCCH, it was observed that as TTI length becomes shorter, the required received SNR for achieving the target BER/BLER becomes higher compared to 1ms PUCCH. Because as the number of symbols per sPUCCH reduces, the resulting UCI energy per bit-to-noise spectrum density ratio (Eb/N0) reduces linearly. Therefore, the sPUCCH power control set can take the equation for PUCCH power control as baseline, for example, sPUCCH format related parameters need to be defined, further enhancements are necessary to reduce the SNR gap between sPUCCH and PUCCH. For closed loop parameter g applied to sPUCCH, we will discuss in the next section. 
Proposal 1:
· Separate open loop power control parameters are preferred for sTTI and 1ms TTI.
3. TPC command for sTTI
In Rel.13, the TPC command for 1ms PUSCH transmission is included in UL DCI format 0/4 for serving cell or jointly coded with other TPC commands in DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. For PUSCH transmission in subframe 𝑖, the power control command is signalled in subframe (i-kPUSCH), where kPUSCH=4 for FDD case and kPUSCH is defined in Table 5.1.1.1-1 of [1] for TDD case.
Similarly, the TPC command for 1ms PUCCH transmission is included in DL DCI 1A/1B/1D/1/2A/2/2B/2C/2D or jointly coded with other TPC commands in DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-RNTI. For PUCCH transmission in subframe 𝑖, the power control command is signalled in subframe (i-km), where m=0 and k0=4 for FDD case and the value of m and km is given in Table 10.1.3.1-1 of [1] for TDD case.
In summary, for both PUSCH and PUCCH, the TPC command can be indicated by either UE-specific DCI transmitted in USS or by common DCI transmitted in CSS. In addition, the timeline for TPC command application is also defined. Therefore, it is natural to consider following issues for UL sTTI transmission.
· Issue 1: What is the timeline of TPC command received in DL assignment/UL grant of sTTI for sPUSCH/sPUCCH transmission 
· Issue 2: Whether the TPC command in DCI format 3/3A transmitted in CSS is applicable to sTTI? 
· If yes, what is the timeline for TPC command received in CSS for sPUSCH/sPUCCH transmission?
For the first issue, it is straightforward to apply the TPC command received in the DL sDCI/UL sDCI to sPUCCH/sPUSCH with the same timings as DL HARQ feedback/UL data scheduling. There are two cases that 1) same sTTI length configured between DL and UL and 2) different sTTI lengths configured between DL and UL employing the TPC command as shown in Figure 1 and Figure 2 which is similar to FDD and TDD case respectively.  
[image: ]
Figure 1: TPC command timeline for the case of same sTTI length configured between DL and UL

[image: ]
Figure 2: TPC command timeline for the case of same sTTI length configured between DL and UL

Proposal 2:
· TPC command transmitted in the UE-specific DL sDCI is applied to sPUCCH with the same timing as DL HARQ feedback.
· TPC command transmitted in the UE-specific UL sDCI is applied to sPUSCH with the same timing as UL data scheduling.

For the second issue, two alternatives can be considered. 
Alternative 1 is DCI format 3/3A is not applied to sPUCCH and sPUSCH, but applied to PUCCH and/or PUSCH. The main motivation to use DCI format3/3A is to adjust the power for data/UCI transmission without corresponding UL grant/DL assignment, such as SPS scheduling, P-CSI transmission, synchronized UL retransmission. As can be seen, the use of DCI format 3/3A for sTTI operation is less motivated compared to 1ms TTI.  
Alternative 2 is DCI format 3/3A can be to sPUCCH and sPUSCH as well. Then the timeline for TPC command transmitted in CSS for sPUSCH and sPUCCH needs to be defined. For sPUSCH, TPC command in DCI format 3/3A is applied with the same timing as sPUSCH transmission, for sPUCCH, TPC command in DCI format 3/3A is applied with the same timing as HARQ-ACK for sPDSCH. For the case that more than one sPUSCH/sPUCCH for one UE within one subframe need to be transmitted and if the accumulation for the TPC command is activated, whether the UE should accumulate TPC command indicated by DCI format 3/3A across multiple sTTIs within one subframe needs further study. 
In addition, since dynamic switching between sTTI and 1ms TTI was agreed, whether TPC command accumulation can be shared or separate between sPUSCH and PUSCH, between sPUCCH and PUCCH. We think it is beneficial to support sharing for faster correcting the UE power and converging to the appropriate value. 
Proposal 3:
· It is beneficial to share the TPC command of which the accumulation is activated between sTTI and 1ms TTI. 
4. Conclusion
In this contribution, we discussed UL power control aspects for sTTI and following proposals were reached:
Proposal 1:
· Separate open loop power control parameters are preferred for sTTI and 1ms TTI.
Proposal 2:
· TPC command transmitted in the UE-specific DL sDCI is applied to sPUCCH with the same timing as DL HARQ feedback.
· TPC command transmitted in the UE-specific UL sDCI is applied to sPUSCH with the same timing as UL data scheduling.
Proposal 3:
· It is beneficial to share the TPC command of which the accumulation is activated between sTTI and 1ms TTI. 
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