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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved as follows [1]. 

	· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

· The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76


In this contribution, we discuss some consideration points on sPUSCH power control. 
2. sPUSCH power control

From the current specification [2], the UE transmit power for PUSCH transmission is defined as follows:
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 is the configured UE transmit power in subframe i for serving cell 
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, which is the transmit power of PUCCH. If no simultaneous transmission of PUCCH occurs in the same subframe, then the value becomes zero.
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 is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i and serving cell 
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 is the scaling parameter for path-loss estimate.
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 is the power offset value depending on MCS which is related to the number of coded bits.
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 is the closed loop power control component with using TPC command.
From our evaluation results during SI [3], it is observed that the required SNR for 10% BLER is quite similar between 1ms TTI and sTTI PUSCH. In this sense, it seems straightforward to reuse the power control equation for sPUSCH. Some of parameters for PUSCH may be also reused for sPUSCH power control while other parameters may need to be configured separately per TTI length in case sTTI is utilized in order to achieve different target requirement (e.g., URLLC). 

Proposal 1: The transmit power of sPUSCH can be controlled in the same manner as PUSCH. Regarding power control parameters, further discussion is needed on whether separate configuration per TTI length is needed or not. 

Note that both sPUSCH and sPUCCH can be transmitted in the same sTTI if simultaneous transmission of sPUSCH and sPUCCH is configured. Thus, 
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 can be replaced by the transmit power of sPUCCH. 
Regarding the power offset value 
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, the equation and the corresponding descriptions are given as follows:
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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 is the number of code blocks, 
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Regardless of whether UCI is transmitted on PUSCH or not, BPRE is derived by the number of REs for PUSCH transmission. Considering the shortage of resource due to short TTI length, the portion of UCI REs may become larger for sPUSCH. If the definition of 
[image: image39.wmf]RE
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 is changed to the number of REs with excluding the number of UCI REs, then the transmit power for PUSCH transmission will be higher, which may improve the decoding performance of UL-SCH with UCI. Or, more simply some power offset can be considered only when UCI is transmitted on sPUSCH. 
Proposal 2: Enhancement on power offset for sPUSCH with UCI can be considered if sTTI based CSI is introduced.
One consideration point is how TPC is operated with sTTI. In case accumulation is not enabled, the UE transmit power is determined by TPC in DCI with PUSCH scheduling from network. Thus for a UE configured with sTTI operation, sPUSCH power can be also controlled by TPC in sDCI. On the other hand, in case accumulation is enabled, it is not straightforward how to determine sPUSCH power with TPC commands in (s)DCIs across different (s)TTI. In what follows, we list up potential power control approaches with sTTI operation. 

One apporach is to separate power control between 1ms TTI and sTTI for which the closed loop components of power control for 1ms TTI and sTTI are updated independently. In other words, TPC commands in DCI and sDCI are applied to power control of PUSCH/PUCCH and sPUSCH/sPUCCH, respectively, which is depicted in Fig. 1. If TPC for sDCI is introduced, timing of the TPC to be adopted (i.e., KPUSCH) needs to be addressed. For sTTI, timing of the TPC to be adopted can follow its processing time as legacy. 
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Figure 1. Example of separated TPC between 1ms TTI and sTTI
Alternatively, sharing TPC command between 1ms TTI and sTTI can be considered. In this case, the transmit power of (s)PUSCH/(s)PUCCH can be determined by TPC in DCI as well as sDCI. Three options can be considered to define the timing of TPC to be adopted for 1ms TTI and sTTI as follows:

· Option 1: Follow the legacy timing (e.g., 4ms subframe in FDD)

· Option 2: Follow the processing time for sTTI operation (e.g., 6 sTTI if (2,2) is configured for a serving cell as TTI length combination)

· Option 3: Follow each processing time depending on TTI length (e.g., 4ms for 1ms TTI and 6 sTTI for short TTI)

In option 1 (see Figure 2), it is likely to require less specification impact at least for PUSCH/PUCCH power control by keeping the same timeline for TPC power adjustment as legacy. But, in terms of power adjustment speed, slow convergence to the intended power value is expected for sTTI even though TPC command is provided by sDCI. Note that even though sPUSCH 3 is scheduled by sDCI 3 with TPC 5, TPC 5 cannot be used for power control for sPUSCH 3. 
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Figure 2. Example of shared TPC between 1ms TTI and sTTI (option 1)
In option 2 (see Figure 3), faster updates of power will be possible for both 1ms TTI and sTTI channels. On the other hand, although the processing time for 1ms TTI between UL grant and PUSCH or DL data and DL HARQ is still 4ms subframe, power adjustment of 1ms TTI can happen after the corresponding UL grant or DL data has been received, which may impose excessive UE implementation complexity. Moreover, in case of PUSCH 1 scheduled by DCI 1, TPC 3 of DCI 2 should be also taken into account for power control although DCI 2 is given after DCI 1, which seems quite different from the current UE behavior in LTE even for legacy 1ms TTI UL channel. 
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Figure 3. Example of shared TPC between 1ms TTI and sTTI (option 2)
In option 3 (see Figure 4), in order to adjust the transmit power, a UE can utilize all TPC commands of sDCI and DCI that have received until (s)DCI corresponding to the (s)PUSCH/(s)PUCCH arrives. In this case, fast power adjustment will be possible at least for sPUSCH/sPUCCH. 
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Figure 4. Example of shared TPC between 1ms TTI and sTTI (option 3)
Considering that TPC sharing would induce much specification efforts as well as complicated timeline, our preference is to support TPC separation between 1ms TTI and sTTI. Thus, TPC command from sDCI should not be used for power control of PUSCH, and also TPC command from DCI should not be used for power control of sPUSCH. 

Proposal 3: For sPUSCH power control, TPC command only from sDCI is used and TPC command from DCI is not used. For PUSCH power control, TPC command only from DCI is used and TPC command from sDCI is not used.

Power headroom represents the difference between the maximum UE transmit power and transmission power used by current transmission which is derived by power control equation without any restriction. For sTTI operation, a power headroom report can be also considered. The legacy power headroom derivation can be reused for calculating a power headroom for sTTI as well. In case a UE is configured with sTTI operation, how to report power headroom needs to be addressed. Specifically, whether to support short TTI PHR report and/or PHR triggering related timer needs to be discussed. If not supported, one method is to report power headroom only for 1ms TTI, which may require less specification efforts. For calculating power headroom of 1ms TTI, a UE shall assume no sTTI transmission in the subframe. In this case, if simultaneous transmission of sPUSCH and PUSCH is not allowed or PUSCH is dropped according to some collision handling, re-triggering dropped PUSCH containing PHR needs to be also taken into account. On the other hand, if supported, further discussion on details is needed. 

Proposal 4: The legacy power headroom derivation for 1ms TTI can be reused for calculating a power headroom for sTTI.

Proposal 5: In case a UE is configured with sTTI operation, further discussion on how to report power headroom is needed. 
3. Conclusions

In this contribution, we discussed several aspects regarding sPUSCH power control. Based on the above discussions, our proposals are given as follows:

Proposal 1: The transmit power of sPUSCH can be controlled in the same manner as PUSCH. Regarding power control parameters, further discussion is needed on whether separate configuration per TTI length is needed or not. 

Proposal 2: Enhancement on power offset for sPUSCH with UCI can be considered if sTTI based CSI is introduced.
Proposal 3: For sPUSCH power control, TPC command only from sDCI is used and TPC command from DCI is not used. For PUSCH power control, TPC command only from DCI is used and TPC command from sDCI is not used.

Proposal 4: The legacy power headroom derivation for 1ms TTI can be reused for calculating a power headroom for sTTI.

Proposal 5: In case a UE is configured with sTTI operation, further discussion on how to report power headroom is needed. 
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