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1. Introduction

At RAN#65 meeting, a SID of downlink enhancements for UMTS was agreed [1]. One of the objectives of this SID is to investigate mechanisms to enhance DL control channel performance as follows: 
· Investigate mechanisms to enhance DL control channel performance, for example: (RAN1) 
· Repeat DL TPC commands in a number of consecutive slots to allow soft combining at the UE in order to reduce DL TPC transmit power. 
Aiming at the objective, a solution of soft combining TPC commands was provided in [2][3], where DL TPC commands are repeated in a number of consecutive slots to allow soft combining at the UE in order to reduce DL TPC transmit power. In this contribution, we summarize the proposed solution, evaluation results, specification changes and simulation assumptions.
2. Soft Combining TPC Commands
2.1 Description of the Solution
In the solution of soft combining TPC commands, TPC command is repeated in N consecutive slots so that UE can soft combine the N TPC commands and get the soft combing gain. It is expected to provide significant gains in terms of DL TPC power reduction. 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, which enables NodeB to lower its Tx power of TPC command at the same TPC reception quality, if compared to current ULPC Algorithms (ULPC Algorithm 1 and ULPC Algorithm 2).
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Figure 1: TPC repetition scheme, where N=5
In case of DL compressed mode, the N consecutive slots may be DTXed partly or completely in the proposed solution, for example M slots (M<N) are DTXed (see Figure 2). 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 3).
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 3).
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Figure 2: M slots are DTXed in N consecutive slots, where N=5 and M=3
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Figure 3: Increase TPC Tx power and DL SIR_target
2.2 Link Evaluation Results
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 ULPC algorithms. 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.
Link simulation results of TPC performance for different repetition factors, i.e. N=1, 3, 5, are given in Figure 4~Figure 6. 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. The details of the simulation assumptions are provided in Appendix A.
In Figure 4~Figure 6, 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 4: TPC Performance (Case 4)
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Figure 5: TPC Performance (VA30)
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Figure 6: TPC Performance (VA120)
2.3 System Evaluation Results
System gains are derived based on the link simulation results of TPC performance (BER =0.01) as shown in Figure 7 and Geometry CDF curves as in Figure 8 from system simulation assuming the cells are fully loaded. Firstly, we obtain each Ec/Ior value associated with BER =0.01 by link simulation under all the possible geometries for fully loaded cells. Then Geometry CDF (Figure 8) is calculated from the system simulation data. Lastly, the CDF curve of TPC Ec/Ior (Figure 7) can be derived based on the above Ec/Ior data and Geometry CDF. 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 7, the TPC Tx power of repetition scheme (soft combining TPC commands) 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 7: 1 UEs TPC Performance
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Figure 8: 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 non repetition scheme is assumed, while TPC Tx power is down to 29% if repetition scheme with N=5 is assumed. In case of 50UEs, TPC Tx power is 78% if non repetition scheme is assumed, while it is down to 15% if repetition scheme 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 Specification Impact
For layer 1 specification, only TS25.214 is needed to be changed in the following potential aspects:
· Parameters

Introduce a parameter N_tpc_transmit to indicate the repeat number of TPC. The N_tpc_transmit parameter is UE specific parameter controlled by the UTRAN. 
· UE procedure
A new algorithm (Algorithm 3) will be introduced including deriving a TPC_cmd in non soft handover and soft/softer handover. 
· TPC Tx power in DL compressed mode
Introduce that NodeB should increase the TPC Tx power in the case of M_DTX DTXed slots in N_tpc_transmit consecutive slots to N_tpc_transmit/(N_tpc_transmit-M_DTX) times as the case of no DTXed slots in N_tpc_transmit consecutive slots, where M_DTX is the number of DTXed slots in the period of N_tpc_transmit consecutive slots depending on the transmission gap pattern. 
· SIR target of F-DPCH in DL compressed mode
Introduce that the SIR target of F-DPCH in the case of M_DTX DTXed slots in N_tpc_transmit consecutive slots should be increased by 10*log10(N_tpc_transmit/(N_tpc_transmit-M_DTX)) dB as the case of no DTXed slots in N_tpc_transmit consecutive slots, where M_DTX is the number of DTXed slots in the period of N_tpc_transmit consecutive slots depending on the transmission gap pattern. 
3. Conclusion
In this contribution, we give considerations on downlink control channel performance improvements and provide a solution of soft combining TPC commands, where TPC command is repeated in N consecutive slots so that UE can soft combine the N TPC commands and get the soft combing gain. It is expected to provide significant gains in terms of DL TPC power reduction.

The proposed solution 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 proposed solution 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. Given the gains observed, it is proposed:
Proposal 1: Consider the solution of soft combining TPC commands 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 Link Simulation assumptions
	Parameters
	Values

	IorvsIoc
	-3, 9, 19dB

	Outer loop power control
	Off

	Inner loop power control
	On

	Step size for inner loop power control
	1dB

	Uplink TPC error
	0

	Uplink TPC delay
	1slot

	Propagation condition
	Case 4,VA30, VA120

	Repeat Factor
	1, 3, 5

























































































































































































