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1 Introduction

In RAN1#91, the following were agreed for TPC command timing [1]:
	Agreement

· For PUSCH transmission triggered by uplink grant, K_PUSCH is the time duration between the uplink grant and the start of the PUSCH transmission

· For PUCCH transmission triggered by PDSCH corresponding to downlink assignment, K_PUCCH is the time duration between the downlink assignment and the start of the PUCCH

Agreement

· For PUSCH power control, the updating from ‘i-1’ to ‘i’ occurs at the beginning of PUSCH transmission

· For PUCCH power control, the updating from ‘i-1’ to ‘i’ occurs at the beginning of PUCCH transmission

· FFS: For the case of DCI 3/3A 

· UE is only expected to make power adjustment only from ‘i-1’ to ‘i’ for PUSCH, PUCCH
It is up to the editor how to capture the above agreement in the specification.


This contribution discusses TPC command timing for PUSCH, SRS and PUCCH, i.e., KPUSCH, KSRS, and KPUCCH for NR UL power control framework. 
2 TPC Command Timing
2.1 PUSCH
In LTE, KPUSCH is defined as a fixed value, i.e., KPUSCH = 4 for FDD and for TDD, KPUSCH is predefined in the specification depending on DL/UL configurations. On the other hand, NR supports variable TTI length and also supports a dynamic TDD slot structure including a “self-contained” slot structure. Considering these NR features, various KPUSCH values need to be supported in NR from a system perspective while guaranteeing the UE’s minimum capability for the processing time. A TPC command for PUSCH can be provided by a UE-specific DCI (i.e., DCI format 0_0 or DCI format 0_1) and a group-common DCI (i.e., DCI format 2_2). For a UE-specific DCI format, KPUSCH is mainly related to the discussion on the gNB’s scheduling timing and the UE’s processing time capability. So, a decision on the exact value of KPUSCH should be made in coordination with decisions from the scheduling and HARQ session. 
For a TPC command by a group-common DCI format with CRC scrambled by TPC-PUSCH-RNTI, there can be several options, including; i) KPUSCH is predefined as a fixed value in the specification and can correspond to a minimum UE processing-time capability (Opt.1) and ii) KPUSCH is determined based on the UE-processing time capability (i.e. is UE-specific instead of being fixed for the worst case UE capability). The first option is simpler while the second option is not expected to offer significant benefits for scenarios considered for optimization (e.g. UEs with low speed). As mentioned earlier, decision on exact value of KPUSCH should be made in the scheduling and HARQ session. Further, processing of a TPC command may or may not require less time than processing of an UL grant depending on the UE implementation.
2.2 SRS
When SRS power control is tied to PUSCH power control, i.e., hc(i, l) = fc(i, l), it seems natural to set KSRS = KPUSCH. However, even in this case, it may be that KSRS is different than KPUSCH. Also, SRS can be triggered by a DL DCI format (i.e., DCI format 1_1) rather than an UL DCI format (DCI format 1_0) related to the PUSCH transmission, but the SRS power control can still be (or not be) linked to the PUSCH power control. In addition, dynamic UL/DL configurations may not allow a fixed value of KSRS but a value that is larger than or equal to a predefined value if the predefined value does not result to symbols where SRS can be transmitted. So, for SRS transmission triggered by a UE-specific DCI, the KSRS needs to be part of the SRS resource set.
TPC command for SRS transmission can also be carried on a UE group-common DCI format with CRC scrambled by a TPC-SRS-RNTI (i.e., DCI format 2_3) and this DCI format may also request SRS transmission to UE(s). In this case, a separate closed-loop power control process different than the PUSCH closed loop power control is applied and SRS power control is not tied with PUSCH power control. In LTE, a fixed value of KSRS is used but due to the reasons mentioned earlier, the KSRS needs to be part of the SRS resource set.

SRS transmission timing, i.e., a time difference between SRS triggering by DCI and actual SRS transmission has not been decided yet. KSRS is impacted by this SRS transmission timing and it should be discussed in the SRS session or the scheduling/HARQ session. 

2.3 PUCCH
Single PUCCH is transmitted in a slot
A TPC command for a PUCCH is carried in a UE-specific DCI format (i.e., DCI format 1_0 or DCI format 1_1) and a group-common DCI (i.e., DCI format 2_2). For the UE-specific DCI format, KPUCCH has to reflect the UE’s K0 and K1 values. For a TPC command in a group-common DCI (i.e., DCI format 2_2), there can be the following options: i) KPUCCH is predefined as a fixed value in the specification (Opt.1) and ii) KPUCCH depends on the UE capability. Then, KPUCCH can be a function of K0 and K1 for the UE-specific DCI and KPUCCH can have a fixed value for the group-common DCI format. As for the PUSCH, Opt.1 results to a simple network and UE operation. 
Multiple PUCCHs are transmitted in a slot
When a UE transmits two or more PUCCHs in a same slot, the TPC command timing can be determined considering different PUCCH timing as shown in Figure 1 or can still be determined as for the case of a single PUCCH in a slot based on a fixed KPUCCH value or based on the UE capability. In Figure 1(a), the UE can receive a TPC command earlier than PUCCH-1 and PUCCH-2 transmission and the UE can set the transmission power for the two PUCCH based on the received TPC command. However, if the TPC command timing is shorter than PUCCH timing as shown in Figure 1(b), the UE does not have enough time to adjust the PUCCH transmission power. Having a fixed KPUCCH value simplifies the overall operation.
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(a) TPC command timing is larger than PUCCH timing (KPUCCH > K0 + K1)
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(a) TPC command timing is shorter than PUCCH timing (KPUCCH < K0 + K1)

Figure 1: An illustration of the relationship between TPC command timing and PUCCH timing
3 Conclusion
In this contribution, we have discussed TPC command timing and the following have been proposed:
Proposal: Exact values of KPUSCH, KPUCCH, and KSRS should be determined in the scheduling and HARQ-ACK session. Guidance from the power control session can be that the values can be fixed or depend on the UE processing capability.
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TPC can not be used to adjust power of PUCCH-1 due to timing
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