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1. Introduction

During RAN1 #76, an enhanced uplink power control algorithm 2 was proposed [1], 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. From the system point of view, 63% total Tx power can be saved in Case 4 propagation condition assuming 50 active UEs in the cell. Meanwhile, the UL performance impact of Enhanced ULPC Algorithm 2 with N= 5 is limited compared with Algorithm 1 in very low and high moving speed scenario, while the UL performance impact of Enhanced ULPC Algorithm 2 with N= 2 is marginal in all case evaluated. The introduction of the enhanced algorithm 2 needs only some minor modification to TS25.214 and minor change to UE implementation as well. In this contribution, we add further considerations on the enhanced ULPC Algorithm 2 in compressed mode.
2. Enhanced UL Power Control Algorithm 2
2.1 Description of Enhanced ULPC Algorithm 2
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 [3]. 
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 use 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 enhanced algorithm 2, 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 link level simulation results [1] show that a significant downlink TPC power saving can be achieved, e.g. 7dB, given the same functionality of emulating smaller step size is still supported. 
2.2 Use case of Enhanced ULPC Algorithm 2
Currently, ULPC Algorithm 1 is widely used while ULPC Algorithm 2 is not. The main reasoning could be that ULPC Algorithm 2 does not show significant UL performance gain even in its relevant cases, e.g. the gain is no larger than 0.7dB as shown in Appendix Table 2. It would be simple and robust that network just maintains one ULPC algorithm, i.e. ULPC Algorithm 1 due to its general good performance.  
Enhanced ULPC Algorithm 2 is expected to provide significant gains in terms of DL TPC power reduction, compared to ULPC Algorithm 2. Transmission power of downlink control channels may be reduced to allow more power for data transmission, since UE can soft combine the N TPC commands and get the soft combing gain for Enhanced ULPC Algorithm 2, which enables NodeB to lower its Tx power of TPC command at the same TPC reception quality. 
Enhanced ULPC Algorithm 2 therefore could be a powerful technique to reduce downlink control channel overhead. One example use case of Enhanced ULPC Algorithm 2 would be:

· By default UE is configured with ULPC Algorithm 1
· Network according to the information of air interface of active UEs identifies the candidate UEs which are proper to work with Enhanced ULPC Algorithm 2 with the objective that significant DL control channel overhead can be reduced and UL performance is comparable, e.g. the UE is with high moving speed and consuming high TPC power
· In case network aware of high load of DL control channel overhead, network may configure the candidate UEs with ULPC Algorithm 2 to reduce DL control channel overhead and maintain comparable UL performance.
It should be noted that CPC is an important legacy feature to reduce DL control channel overhead. However, Enhanced ULPC Algorithm 2 would provide additional gains over CPC in terms of DL control channel overhead reduction because:

· Enhanced ULPC Algorithm 2 provides additional gains over CPC, considering the TTIs with DPCCH/F-DPCH transmission

· Enhanced ULPC Algorithm 2 is able to work with multi-RAB, while CPC is not.

2.3 System Gain of Enhanced ULPC Algorithm 2
To further investigate the benefits of the proposed enhanced UL algorithm 2, system gains are derived based on the link simulation results of TPC performance (BER =0.01) as shown in Figure 1 and Geometry CDF curves as in Figure 2 from system simulation assuming the cells are fully loaded. Different repetition factors are assumed, i.e. N=1, 3, 5. The propagation conditions are case 4 as in TS 25.101, VA30 and VA120. 
As shown in Figure 1, the TPC Tx power of repetition scheme always performs significantly better than the baseline non repetition scheme, i.e. the link gains are around 5dB for N=3 and 7dB for N=5. 
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Figure 1: 1 UEs TPC Performance
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Figure 2: CDF of Geometry
Considering there are a large number of UEs active in the cell, e.g. 50 and 100 UEs, the total TPC Tx power is given in Table 1. It can be observed that (for example, Case 4 propagation condition) in case of 100UEs TPC Tx power is higher than 100% which means the entire DL power cannot afford the power consumption of TPC if legacy ULPC power control method is assumed, while TPC Tx power is down to 29% if enhanced ULPC Algorithm 2 with N=5 is assumed. In case of 50UEs, TPC Tx power is 78% if legacy ULPC power control method is assumed, while it is down to 15% if enhanced ULPC Algorithm 2 with N=5 is assumed, i.e. 63% total Tx power saving. The trends are similar in VA30 and VA120.
Table 1 Total TPC Tx power
	Number of UEs
	Total TPC Tx power

	
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	50
	78%
	24%
	15%
	119%
	37%
	22%
	148%
	38%
	22%

	100
	157%
	49%
	29%
	238%
	75%
	45%
	296%
	76%
	44%


2.4 UL Performance Impact of Enhanced ULPC Algorithm 2
There was a set of simulation results for uplink performance assuming different UE speeds under PA channels in [3]. Some simulation results are given in Table 2 in the appendix. From the results it can be observed that in case of UE speed no higher than 60kmh, 1dB step size always perform better than or at least similar to 0.25dB or 0.5dB step size. In case of UE speed no less than 100kmh, slight gains no higher than 1dB can be observed for 0.25dB or 0.5dB step size over 1dB step size. In most cases, the performance of 1dB step size and 0.5dB step size is similar, i.e. within 1 dB. 
The results presented in [4] show that emulation method 1 (current algorithm 2) emulating steps smaller than 1dB can give performance similar to, i.e. within 0.1dB, the best power control step for high moving speed scenario (see Table 3~Table 5 in the appendix). 
Based on the above observation, the UL performance impact of enhanced algorithm 2 is limited compared with algorithm 1 in very low and high moving speed scenario.
2.5 Enhanced ULPC Algorithm 2 in Compressed Mode
The TPC command is repeated in N consecutive slots in enhanced ULPC algorithm 2, while the N consecutive slots may be DTXed partly or completely in DL compressed mode, for example M slots (M<N) are DTXed (see Figure 3). As a result, UE would soft combine the N-M TPC commands, with lower soft combing gain than no DTXed slots in N consecutive slots leading to worse received performance under a certain TPC Tx power. 
To ensure the TPC received quality in the compressed mode despite of DTXed slots, NodeB should increase the TPC Tx power in the case of M DTXed slots in N consecutive slots to N/(N-M) times as the case of no DTXed slots in N consecutive slots, where M would be different in different period of N consecutive slots depending on the transmission gap pattern (see Figure 4).
In case F-DPCH is transmitted, DL quality for DL power control is measured basing on TPC quality slot by slot without soft combing. If DL SIR_target is not changed accordingly, the TPC Tx power in the case of M DTXed slots in N consecutive slots will be reduced back by DL power control once NodeB increases the TPC Tx power. Based on the above analysis, the DL SIR_target in the case of M DTXed slots in N consecutive slots should also be increased by 10*log10(N/(N-M) ) dB as compared to the case of no DTXed slots in N consecutive slots (see Figure 4).
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Figure 3: M slots are DTXed in N consecutive slots, where N=5 and M=3
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Figure 4: Increase TPC Tx power and DL SIR_target
3. Conclusion
In this contribution, we give further considerations on enhancement to the algorithm 2 to reduce power consumption of DL TPC commands. Enhanced ULPC Algorithm 2 would be a powerful technique to reduce downlink control channel overhead, especially in case the system is suffering from high downlink control channel overhead. Link and system gains show that the Enhanced ULPC Algorithm 2 always performs significantly better than the legacy ULPC algorithm in terms of TPC power consumption, i.e. the link gains are around 5dB for N=3 and 7dB for N=5, while from the system point of view 63% total Tx power can be saved in Case 4 propagation condition assuming 50 active UEs in the cell. Meanwhile, the UL performance impact of Enhanced ULPC Algorithm 2 with N= 5 is limited compared with Algorithm 1 in very low and high moving speed scenario, while the UL performance impact of Enhanced ULPC Algorithm 2 with N= 2 is marginal in all case evaluated. Given the gains observed and the minor cost (minor UE change), 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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Appendix A
Table 2 Received Eb/No performance of different step sizes at different speeds [3]
	Speed (km/h)
	Received Eb/No (dB) for given step size (dB) 

	
	0.25
	0.5
	1
	1.5
	2
	3
	4

	3
	5.0
	4.8
	4.9
	5.3
	5.6
	6.5
	7.4

	10
	7.0
	5.8
	5.4
	5.5
	5.8
	6.6
	7.5

	20
	9.9
	7.5
	6.5
	6.2
	6.3
	7.0
	7.8

	40
	10.1
	8.8
	8.1
	7.8
	7.7
	8.0
	8.8

	60
	9.5
	9.4
	9.1
	8.9
	8.8
	9.1
	9.8

	100
	9.4
	9.6
	9.7
	10.0
	10.2
	10.7
	11.5

	300
	9.5
	9.7
	10.2
	10.6
	11.0
	12.0
	13.2


Table 3 3km/h, 0.5dB step requested by BS [4]

	Method
	Received Eb/No (dB)

	Normal (0.5dB step)
	4.8

	Emulation method 1
	4.7

	Normal (1dB step)
	4.9


Table 4 300km/h, 0.25dB step requested by BS [4]

	Method
	Received Eb/No (dB)

	Normal (0.25dB step)
	9.5

	Emulation method 1
	9.6

	Normal (1dB step)
	10.2


Table 5 300km/h, 0.5dB step requested by BS [4]

	Method
	Received Eb/No (dB)

	Normal (0.5dB step)
	9.7

	Emulation method 1
	9.8

	Normal (1dB step)
	10.1
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