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1. Introduction

In TS25.214 [1], two uplink power control algorithms are specified. Algorithm 1 is that UE adjusts its Tx power per slot according the received TPC command. Algorithm 2 is that UE adjusts its Tx power per 5 slots according to the 5 received TPC commands, which makes it possible to emulate smaller step sizes than the minimum power control step by sending same TPC commands in five consecutive slots. In this contribution, we consider to enhance the uplink power control algorithm 2 to reduce power consumption of DL TPC commands by means of allowing UE to do soft combining of TPC commands in a given number of slots.
2. Discussion
2.1 Current UL Power Control Algorithm 2
As specified in TS25.214 [1]:
When a UE is not in soft handover, only one TPC command will be received in each slot. In this case, the UE shall process received TPC commands on a 5-slot cycle, where the sets of 5 slots shall be aligned to the frame boundaries and there shall be no overlap between each set of 5 slots.

The value of TPC_cmd shall be derived as follows:

-
For the first 4 slots of a set, TPC_cmd = 0.

-
For the fifth slot of a set, the UE uses hard decisions on each of the 5 received TPC commands as follows:

-
If all 5 hard decisions within a set are 1 then TPC_cmd = 1 in the 5th slot. 

-
If all 5 hard decisions within a set are 0 then TPC_cmd = -1 in the 5th slot. 

-
Otherwise, TPC_cmd = 0 in the 5th slot.

When a UE is in soft handover, UE will combine the TPC commands according to a certain rule in case of the TPC commands from the same or different radio link set(s). The details of these procedures can be seen in TS25.214.
The original objective of the algorithm 2 is to emulate smaller step sizes than the minimum power control step by means of slow power control instead, since the best power control step is smaller than the minimum power control step (1dB) for high moving speed scenario, e.g. 0.25 dB step size for speed higher than 100 km/h [2]. 
In the algorithm 2, UE makes hard decision on each received TPC command per slot and adjusts it Tx power on a 5-slot cycle. It means that NodeB shall send enough TPC power to ensure each hard decision quality, resulting that downlink Tx power consumption for TPC commands may be set much higher than required. In the next section we show that a significant downlink TPC power saving can be achived, e.g. 7dB, given the same functionality of emulating smaller step size is still supported. 
2.2 Enhanced UL Power Control Algorithm 2
In the case of downlink power overhead limited, Tx power of downlink control channels may be reduced to allow more power for data transmission. Tx power of TPC command can be reduced close to10*log10N dB if the TPC command can be repeated in N consecutive slots as the current DL power control algorithm 2. It is because UE can soft combine the N TPC commands and get the soft combing gain, which enables NodeB to lower its Tx power of TPC command at the same TPC reception quality. The TPC power reduction can benefit from mitigating the downlink power overhead.
As for the implementation impact of the proposed enhanced UL algorithm 2, there is almost no additional complication by NodeB side since the TPC command is simply repeated (as in current operation). By UE side, soft combing with a hard decision per N slots will replace a hard decision per slot. It means that the addition operation will take the place of hard decision operation in the enhanced UL algorithm 2, which is similar in implementation complexity.
To investigate the benefits of the proposed enhanced UL algorithm 2, link simulation results of TPC performance for different repetition factors, i.e. N=1, 3, 5, are given in Figure 1~Figure 3. We choose three sets of TPC performance for typical cases: far location point (Ior/Ioc=-3dB), medium location point (Ior/Ioc=9dB) and near location point (Ior/Ioc=19dB). The DL inner loop power control is on with 1dB step size and 1 slot delay. The DL outer loop power control is off. The Propagation condition is case 4 as in TS 25.101, VA30 and VA120.
In Figure 1~Figure 3, the TPC Tx power of TPC repetition scheme is reduced close to10*log10N dB comparing to the baseline non repetition scheme i.e. around 5dB for N=3 and 7dB for N=5. The gain is almost identical in the three location points simulated.
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Figure 1: TPC Performance (Case 4)
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Figure 2: TPC Performance (VA30)
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Figure 3: TPC Performance (VA120)
3. Conclusion
In this contribution, an enhanced uplink power control algorithm 2 is proposed, in which the TPC command is repeated in N consecutive slots so that UE can soft combine the N TPC commands and get the soft combing gain. The enhanced algorithm 2 can greatly reduce the Tx power of TPC command (e.g., 7dB for N=5), which benefits from mitigating the downlink power overhead. The introduction of the enhanced algorithm 2 needs only some minor modification to TS25.214 and minor change to UE implementation as well. It is proposed:
Proposal 1: Agree to introduce enhancement to uplink power control algorithm 2 by means of allowing UE to do soft combining of TPC commands in a given number of slots.
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