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1. Introduction

At the RAN1#50bis meeting in Shanghai, consensus was reached on the uplink (UL) transmission power control (TPC) method using scheduling grants and the TPC command over the physical downlink control channel (TPC-PDCCH) [1]. However, there are still several issues that need to be clarified. In this contribution, we discuss these issues and propose several modifications for the way forward.
2. Issues requiring further clarification
Figure 1 illustrates the UL TPC method agreed in the way forward [1].
· TPC command for the PUSCH, PUSCH, is provided within an UL grant on PDCCH or on a TPC-PDCCH (i.e., TPC-PDCCHPUSCH)
· PUSCH is either absolute or accumulative, and the choice is semi-statically decided
· The modulation and channel coding scheme (MCS) in the UL grant is also used based on the table (MCS
· TPC command for the PUCCH, PUCCH, is provided within a downlink (DL) grant on PDCCH or on a TPC-PDCCH (i.e., TPC-PDCCHPUCCH)

· PUCCH is only accumulative

Hereafter, the issues pertaining to the UL power control method that require further clarification are addressed.
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Figure 1 – UL TPC method agreed in the way forward
(1) Necessity of absolute PUSCH in UL grant

In the agreed way forward, both the accumulative and absolute PUSCH are supported in the UL grant. Among these, the usage of the accumulative PUSCH is very clear and is similar to the PUCCH. The accumulative PUSCH has good affinity to the TPC-PDCCHPUSCH, which conveys the accumulative PUSCH periodically. When the TPC with the accumulative PUSCH can track sudden changes in the channel conditions, the absolute PUSCH value is unnecessary. Therefore, we recommend that only the accumulative PUSCH is used in the UL grant to simplify the TPC operation. 
Regarding the number of bits for the accumulative PUSCH embedded in the UL grant, the use of two-bit commands (i.e., [-1, 0, +1, +3] and [-3, -1, +1, +3]) has been agreed [2]. However, the required number of bits for PUSCH in the UL grant is highly dependent on the transmission interval of the TPC-PDCCHPUSCH. As shown in Fig. 2, a large number of bits are required for PUSCH in the UL grant when the longer transmission interval of the TPC-PDCCHPUSCH is applied. Furthermore, from the viewpoint of the downlink overhead, the transmission interval of the TPC-PDCCHPUSCH would be a relatively long interval compared to that for the TPC-PDCCHPUCCH. To achieve fast TPC using the accumulative PUSCH value for the sudden changes in the channel condition, employing 2 bits may be small although a detailed evaluation is necessary. Our conclusion on this issue is given below.
Conclusion: Only the accumulative PUSCH should be used in the UL grant. However, the required number of bits should be carefully investigated considering the transmission interval of the TPC-PDCCHPUSCH. The current working assumption, i.e., 2 bits, may be small.
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Figure 2 – Relationship between the number of bits for PUSCH in UL grant and the transmission interval of TPC-PDCCHPUSCH
(2) Relationship of TPC-PDCCHPUSCH and TPC-PDCCHPUCCH
In the agreed way forward, different TPC-PDCCHs for the PUSCH and PUCCH are defined by allocating different RNTIs. At the same time, the agreed way forward also allows the same RNTI allocation for these in order to reduce the downlink overhead. Regarding this issue, our view is as follows. Basically, different TPC-PDCCHs, i.e., TPC-PDCCHPUSCH and TPC-PDCCHPUCCH, are necessary since the PUSCH and PUCCH have a different required TPC accuracy and occupied frequency band (i.e., the resultant target SIR value). In general, a more accurate TPC is necessary for the PUCCH compared to that for the PUSCH, since hybrid ARQ is not applied to the PUCCH with a constant modulation scheme and coding rate. Therefore, the minimum transmission interval for the TPC-PDCCHPUCCH is 1 – 2 msec, although further investigation is necessary. In contrast, the transmission interval for TPC-PDCCHPUSCH can be longer than that for TPC-PDCCHPUCCH. Therefore, as shown in Fig. 3, the overhead required for the TPC-PDCCHPUSCH and TPC-PDCCHPUCCH using the same RNTI becomes lower than twice that for TPC-PDCCHPUCCH, although both the TPC-PDCCHPUSCH and TPC-PDCCHPUCCH are defined. 
Conclusion: Different TPC-PDCCHs for PUSCH and PUCCH are necessary. However, the overhead required for the TPC-PDCCHPUSCH and TPC-PDCCHPUCCH using the same RNTI becomes lower than twice that for TPC-PDCCHPUCCH
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Figure 3 – Required transmission interval for TPC-PDCCHPUSCH and TPC-PDCCHPUCCH
(3) Necessity of (MCS
At the RAN1#49bis meeting in Orlando, the use of (MCS was agreed in order to control the UE transmission power immediately without additional signaling overhead. We agree with the benefit of (MCS when assuming slow-basis adaptive modulation and coding (AMC) tracking of only the path loss and shadowing variation. However, in a typical situation such as best effort type traffic under low mobility conditions, fast AMC tracking of the instantaneous fading variation is mainly used. In this case, the (MCS is not necessary since the UE transmission power should be constant irrespective of the instantaneous fading variation. Our conclusion on this issue is given below.

Conclusion: ON/OFF ability of (MCS is needed on a per UE basis.
3. Conclusion

In this contribution, we discussed the UL TPC mechanisms and provided our views on the necessity for further clarification. 
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