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1
Introduction

At RAN1#80 meeting, a LS ([1]) was agreed and sent from RAN1 to RAN2, and all agreed RAN1 TPs were also included (agreed at RAN1#78bis, RAN1#79 and RAN1#80 meetings).
This contribution is to provide a single TP by incorporating all RAN1 TPs into TR 25.706.

Since RAN1 TPs are separate, some more updates are made in this TP in order for alignment:

· For the solutions part, two TPs are referred (R1-144424 and R1-145235). All three solutions mentioned in the TPs are captured in the same level, i.e. sections 5.1.1.1, 5.1.1.2 and 5.1.1.3
· Since R1-150721 is a revision of R1-145234, the text from the two papers are combined and captured under section 5.1.2, and the details are as below:
· section 5.1.2.2.1 is used from R1-145234

· section 5.1.2.2.2 is used from R1-150721

· section 5.1.2.3 is used from R1-145234

· For the Impact on UE implementation, two TPs are referred (R1-145140 and R1-150724). The text from the two papers are combined and captured under section 5.1.3, and the details can be found in that section
2
Text proposal
------------------Start of the text proposal------------------
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5
Study Areas
5.1
 Mechanism to enhance downlink signalling performance
5.1.1
Solutions

5.1.1.1
Reduced TPC frequency with repetition of TPC commands
In the legacy system, algorithm 1 and algorithm 2 can be configured for TPC processing. In both legacy TPC processing algorithms, TPC commands are independently generated at each slot and it is not possible to combine the TPC commands at the UE from different slots. In order to achieve soft combining gains, the solution of reduced TPC frequency with repetition of TPC commands is proposed so that the TPC command is repeated in N consecutive slots. UE can soft combine those N consecutive TPC commands and get the soft combining gain. The solution is illustrated in Figure 5.1.1.1-1, with N = 5 as an example. Transmission power of downlink control channels may be reduced to allow more power for data transmission thanks to the soft combining gain.
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Figure 5.1.1.1-1:
Reduced TPC frequency with repetition of TPC commands solution, where N = 5
There are two options for generating DL power control command to be transmitted on the UL DPCCH for the TPC repetition scheme. In one case, the UE estimates the SIR every slot and transmits independent DL power control commands across the repeated TPC’s. We call this scheme TPC repetition with fast DL power control. Unless stated otherwise, Reduced TPC frequency with repetitions scheme assumes fast DL power control. In the other case, the UE estimates the SIR after soft combining the repeated TPC’s and transmits the same DL power control command across all slots of the repeated TPC’s. We call this scheme TPC repetition with slow DL power control.
5.1.1.2
Compressed mode operation
For the reduced TPC frequency with repetition of TPC commands solution, in the compressed mode operation, the N consecutive slots may be DTXed partly or completely, for example M slots (M<N) are DTXed (Figure 5.1.1.2-1). As a result, UE would soft combine the N-M TPC commands, with lower soft combining 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, Node B 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 (Figure 5.1.1.2-2).

In case F-DPCH is transmitted, DL quality for DL power control could be measured based on TPC quality slot by slot without soft combining. If DL quality for DL power control is measured based on TPC quality slot by slot, and 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 Node B 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 (Figure 5.1.1.2-2).
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Figure 5.1.1.2-1:
 Reduced TPC frequency with repetition of TPC commands solution, where N = 5
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Figure 5.1.1.2-2:
 Reduced TPC frequency with repetition of TPC commands solution, where N = 5
5.1.1.3
Reduced TPC frequency with DTX of TPC commands
The solution of reduced TPC frequency with DTX of TPC commands is proposed so that the TPC command is only transmitted at the first slot in every N consecutive slots, and the other TPC commands are DTXed in the remaining N-1 slots. UE can respond to the first TPC command. The solution is illustrated in Figure y, with N = 5 as an example.
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Figure 5.1.1.3-1: Reduced TPC frequency with DTX of TPC commands solution, where N = 5
5.1.2
Evaluation

5.1.2.1
Evaluation methodology
The achievable system gains can be derived based on the link simulation results of TPC Ec/Ior at a given BER under a set of geometry (Ior vs Ioc) values. Firstly, we can obtain a set of required TPC Ec/Ior at a given BER by link simulation under a set of possible geometry values, which are derived from the geometry CDF values from system simulation assuming that all the system is fully loaded and that the TPC commands are evenly distributed. Then, with the geometry CDF values and the corresponding set of required TPC Ec/Ior, we can derive the TPC Ec/Ior CDF values in the system. With the TPC Ec/Ior CDF values, the overall TPC Ec/Ior in the system can be obtained, and the system gains of the solution can be derived. In addition, as part of the methodology, the impact of the solutions in the uplink performance should also be evaluated.

5.1.2.2
Downlink evaluation results ([4])
5.1.2.2.1
Link evaluation results
Link simulation results of TPC performance for different repetition factors, i.e. N=1, 3, 5, are given in Figure x1~Figure x4. 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 details of the simulation assumptions are provided in Annex A.1 Link simulation assumptions.

In Figure 5.1.2.2.1-1~Figure 5.1.2.2.1-4, the TPC Tx power of TPC repetition scheme is reduced close to 10*log10N dB compared 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 5.1.2.2.1-1: TPC Performance (PA3)
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Figure 5.1.2.2.1-2: TPC Performance (Case 4)
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Figure 5.1.2.2.1-3: TPC Performance (VA30)
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Figure 5.1.2.2.1-4: TPC Performance (VA120)

5.1.2.2.2
System evaluation results
System gains are derived based on the link simulation results of TPC performance (given BER=0.04 or BER=0.1) and Geometry CDF curves from system simulation assuming that the system is fully loaded and the TPC commands are evenly distributed.
Firstly, we can obtain a set of required TPC Ec/Ior at a given BER by link simulation under a set of possible geometry values, which are derived from the geometry CDF values from system simulation as in Figure 5.1.2.2.2-3. Then, with the geometry CDF values and the corresponding set of required TPC Ec/Ior, we can derive the TPC Ec/Ior CDF values in the system (see Figure 5.1.2.2.2-1 and Figure 5.1.2.2.2-2). 
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Figure 5.1.2.2.2-1:
1 UE TPC Performance (BER = 0.04)
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Figure 5.1.2.2.2-2: 1 UE TPC Performance (BER = 0.1)
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Figure 5.1.2.2.2-3: CDF of Geometry
With the TPC Ec/Ior CDF values, the overall TPC Ec/Ior in the system can be obtained. Considering a large number of UEs active in the cell, e.g. 50 or 100 UEs, the overall TPC Tx power for different fading channels are provided from Table 5.1.2.2.2-1 to Table 5.1.2.2.2-4 given TPC BER=0.01, TPC BER=0.04 and TPC BER=0.1 for repetition factor N=1 (legacy), N=3 and N=5, respectively. It is noted that the TPCs of all the UEs are evenly distributed.

Table 5.1.2.2.2-1: Overall TPC Tx power in no power floor case (no SHO UEs, PA3)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.77%
	2.07%
	1.03%
	0.48%

	100
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.54%
	4.14%
	2.06%
	0.96%


Table 5.1.2.2.2-2: Overall TPC Tx power in no power floor case (no SHO UEs, Case 4)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%

	100
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.96%


Table 5.1.2.2.2-3: Overall TPC Tx power in no power floor case (no SHO UEs, VA30)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%

	100
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table 5.1.2.2.2-4: Overall TPC Tx power in no power floor case (no SHO UEs, VA120)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%

	100
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%


In a realistic network configuration, however, the TPC symbols of all the UEs cannot be perfectly evenly distributed when there are SHO UEs. The F-DPCHs or DPCCHs from the cells in a UE active set should be aligned. Due to such restriction, the network cannot distribute the TPC symbols evenly for the SHO UEs. From the Multiflow study as well as other studies, it is known that the ratio of soft handover and softer handover UEs within a network is around 35%. 

Table 5.1.2.2.2-5 to Table 5.1.2.2.2-12 provide system evaluation results considering 35% of SHO UEs, and various percentages of these SHO UEs whose TPC symbols are unevenly distributed, e.g., UEs with TPC symbols which are time aligned. If the TPC symbols are time aligned, more downlink Tx power is consumed for this TPC symbol timing period. In Figure 5.1.2.2.2-4, the probabilities of maximum number SHO UEs whose TPC symbols are time aligned into one of the 10 possible positions within one slot are provided with MATLAB simulations. It is noted that the probability simulation assumes that the SHO UE’s TPC timing is allocated in a random way. The evaluation results in Table 5.1.2.2.2-5 to Table 5.1.2.2.2-12 also consider the non-SHO radio UEs whose TPC symbols have been assumed to be evenly distributed by RNC. In reality, RNC should try to equalize the uneven TPC allocation stemming from SHO users when setting up new non-SHO radio links to avoid having to setup new F-DPCH codes which will cost downlink channelization code resources and have negative capacity impact. 
Table 5.1.2.2.2-5: Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	27.46%
	14.15%
	7.14%
	8.29%
	4.37%
	2.05%
	5.53%
	2.77%
	1.29%

	25% (4~5 UE)
	21.32%
	11.00%
	5.55%
	6.45%
	3.39%
	1.59%
	4.30%
	2.15%
	1.00%

	20% (3~4 UE)
	17.64%
	9.11%
	4.60%
	5.35%
	2.81%
	1.32%
	3.56%
	1.78%
	0.83%

	0%
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.77%
	2.07%
	1.03%
	0.48%


Table 5.1.2.2.2-6: Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	25.16%
	13.42%
	6.56%
	7.81%
	4.08%
	1.96%
	4.91%
	2.54%
	1.21%

	25% (4~5 UE)
	19.78%
	10.53%
	5.15%
	6.14%
	3.21%
	1.54%
	3.85%
	2.00%
	0.95%

	20% (3~4 UE)
	16.55%
	8.80%
	4.31%
	5.14%
	2.68%
	1.29%
	3.22%
	1.67%
	0.79%

	0%
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%


Table 5.1.2.2.2-7: Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	33.69%
	15.15%
	7.05%
	10.85%
	5.24%
	2.40%
	6.05%
	2.98%
	1.36%

	25% (4~5 UE)
	26.69%
	12.00%
	5.58%
	8.58%
	4.15%
	1.90%
	4.81%
	2.37%
	1.07%

	20% (3~4 UE)
	22.49%
	10.11%
	4.70%
	7.22%
	3.49%
	1.60%
	4.07%
	2.00%
	0.90%

	0%
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%


Table 5.1.2.2.2-8: Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	44.11%
	18.42%
	8.14%
	10.62%
	5.06%
	2.32%
	5.86%
	2.95%
	1.41%

	25% (4~5 UE)
	34.84%
	14.58%
	6.44%
	8.43%
	4.01%
	1.84%
	4.67%
	2.34%
	1.12%

	20% (3~4 UE)
	29.28%
	12.27%
	5.43%
	7.11%
	3.38%
	1.56%
	3.95%
	1.98%
	0.95%

	0%
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%


Table 5.1.2.2.2-9: Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	42.64%
	22.01%
	11.10%
	12.90%
	6.79%
	3.19%
	8.59%
	4.29%
	2.00%

	20% (7 UE)
	35.28%
	18.23%
	9.20%
	10.70%
	5.62%
	2.64%
	7.11%
	3.55%
	1.66%

	0%
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.54%
	4.14%
	2.06%
	0.96%


Table 5.1.2.2.2-10: Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	39.56%
	21.06%
	10.31%
	12.28%
	6.41%
	3.08%
	7.70%
	4.00%
	1.90%

	20% (7 UE)
	33.10%
	17.59%
	8.62%
	10.28%
	5.36%
	2.57%
	6.43%
	3.34%
	1.59%

	0%
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.96%


Table 5.1.2.2.2-11: Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	53.38%
	24.01%
	11.16%
	17.17%
	8.30%
	3.80%
	9.62%
	4.73%
	2.15%

	20% (7 UE)
	44.99%
	20.23%
	9.39%
	14.45%
	6.99%
	3.20%
	8.13%
	3.99%
	1.81%

	0%
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table 5.1.2.2.2-12: Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	69.68%
	29.15%
	12.88%
	16.86%
	8.03%
	3.68%
	9.33%
	4.68%
	2.24%

	20% (7 UE)
	58.56%
	24.54%
	10.85%
	14.23%
	6.77%
	3.11%
	7.90%
	3.95%
	1.89%

	0%
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%
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Figure 5.1.2.2.2-4: Probability of maximum number of SHO UEs whose TPC symbols are time aligned in one of the 10 possible positions within one slot. (top: 35% SHO UEs in 50 UEs case; bottom: 35% SHO UEs in 100 UEs case)

Considering the limitation of minimum transmit power requirement, there will be a minimum power floor for transmit power. The system gains are re-calculated as following Table 5.1.2.2.2-13 ~ Table 5.1.2.2.2-24, assuming the minimum power floor for the Ec/Ior for F-DPCH is set to -35 dB Ec/Ior.

From the tables, the system gains are almost the same to the results when no limitation of minimum transmit power requirement. For N=1, there is no difference at all, meaning that almost all UEs’ F-DPCH Tx power is above the power floor. For N=5, the performance difference is within 0.1%. It means that the minimum power floor for transmit power has almost no impact on the system gain with the repetition scheme when the power floor is set to -35 dB. The power floor would only have impacts to the UEs with F-DPCH Tx power less than -35 dB after repetition. However the UEs’ F-DPCH Tx power satisfying this condition would only contribute quite a small portion of the power consumption in the system, especially when compared with the SHO UEs’ F-DPCH Tx power, which could be even 100 times higher that of the power floor.

Table 5.1.2.2.2-13: Overall TPC Tx power in power floor case (no SHO UEs, PA3)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.78%
	2.07%
	1.03%
	0.50%

	100
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.55%
	4.14%
	2.07%
	1.00%


Table 5.1.2.2.2-14: Overall TPC Tx power in power floor case (no SHO UEs, Case 4)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%

	100
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.97%


Table 5.1.2.2.2-15: Overall TPC Tx power in power floor case (no SHO UEs, VA30)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%

	100
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table 5.1.2.2.2-16: Overall TPC Tx power in power floor case (no SHO UEs, VA120)

	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%

	100
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%


Table 5.1.2.2.2-17: Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	27.46%
	14.15%
	7.14%
	8.29%
	4.37%
	2.06%
	5.53%
	2.77%
	1.31%

	25% (4~5 UE)
	21.32%
	11.00%
	5.55%
	6.45%
	3.39%
	1.60%
	4.30%
	2.15%
	1.02%

	20% (3~4 UE)
	17.64%
	9.11%
	4.60%
	5.35%
	2.81%
	1.33%
	3.56%
	1.78%
	0.85%

	0%
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.78%
	2.07%
	1.03%
	0.50%


Table 5.1.2.2.2-18: Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	25.16%
	13.42%
	6.56%
	7.81%
	4.08%
	1.96%
	4.91%
	2.54%
	1.21%

	25% (4~5 UE)
	19.78%
	10.53%
	5.15%
	6.14%
	3.21%
	1.54%
	3.85%
	2.00%
	0.95%

	20% (3~4 UE)
	16.55%
	8.80%
	4.31%
	5.14%
	2.68%
	1.29%
	3.22%
	1.67%
	0.80%

	0%
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%


Table 5.1.2.2.2-19: Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	33.69%
	15.15%
	7.05%
	10.85%
	5.24%
	2.40%
	6.05%
	2.98%
	1.36%

	25% (4~5 UE)
	26.69%
	12.00%
	5.58%
	8.58%
	4.15%
	1.90%
	4.81%
	2.37%
	1.07%

	20% (3~4 UE)
	22.49%
	10.11%
	4.70%
	7.22%
	3.49%
	1.60%
	4.07%
	2.00%
	0.90%

	0%
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%


Table 5.1.2.2.2-20: Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	44.11%
	18.42%
	8.14%
	10.62%
	5.06%
	2.32%
	5.86%
	2.95%
	1.41%

	25% (4~5 UE)
	34.84%
	14.58%
	6.44%
	8.43%
	4.01%
	1.84%
	4.67%
	2.34%
	1.12%

	20% (3~4 UE)
	29.28%
	12.27%
	5.43%
	7.11%
	3.38%
	1.56%
	3.95%
	1.98%
	0.95%

	0%
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%


Table 5.1.2.2.2-21: Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	42.64%
	22.01%
	11.10%
	12.90%
	6.79%
	3.21%
	8.59%
	4.30%
	2.04%

	20% (7 UE)
	35.28%
	18.23%
	9.20%
	10.70%
	5.62%
	2.66%
	7.11%
	3.56%
	1.70%

	0%
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.55%
	4.14%
	2.07%
	1.00%


Table 5.1.2.2.2-22: Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	39.56%
	21.06%
	10.31%
	12.28%
	6.41%
	3.08%
	7.70%
	4.00%
	1.91%

	20% (7 UE)
	33.10%
	17.59%
	8.62%
	10.28%
	5.36%
	2.57%
	6.43%
	3.34%
	1.59%

	0%
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.97%


Table 5.1.2.2.2-23: Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	53.38%
	24.01%
	11.16%
	17.17%
	8.30%
	3.80%
	9.62%
	4.73%
	2.15%

	20% (7 UE)
	44.99%
	20.23%
	9.39%
	14.45%
	6.99%
	3.20%
	8.13%
	3.99%
	1.81%

	0%
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table 5.1.2.2.2-24: Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	69.68%
	29.15%
	12.88%
	16.86%
	8.03%
	3.68%
	9.33%
	4.68%
	2.24%

	20% (7 UE)
	58.56%
	24.54%
	10.85%
	14.23%
	6.77%
	3.11%
	7.90%
	3.95%
	1.89%

	0%
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%


5.1.2.3
Downlink evaluation results ([5])
Tables 5.1.2.3-1 and 5.1.2.3-2 summarize the results. We observe both the repetition and decimation schemes to give reduction in Ec/Ior. The details of the simulation assumptions are provided in Annex A.1 Link simulation assumptions. For both schemes, a minimum power floor for the Ec/Ior for F-DPCH is set to -35 dB. For both schemes, the values of Ec/Ior for F-DPCH are logged for every slot. This means that if F-DPCH is not present in some slots as in decimation scheme, the value is considered to be zero. For a repetition/decimation factor of 3, we obtain a gain close to 5 dB and for a repetition/decimation factor of 5, we obtain a gain close to 7 dB.

Table 5.1.2.3-1: Mean Ec/Ior for F-DPCH (target BER is 0.04)

	Channel
	Geometry

(dB)
	Mean Ec/Ior for FDPCH (dB)

	
	
	Legacy
	Repeat

(3x)
	Repeat

(5x)
	Decimate

(3x)
	Decimate

(5x)

	PA3
	-5
	-16
	-21
	-23
	-21
	-23

	
	0
	-21
	-26
	-28
	-26
	-28

	
	5
	-25
	-30
	-32
	-30
	-32

	
	10
	-29
	-33
	-34
	-33
	-36

	
	15
	-31
	-34
	-35
	-36
	-38

	
	20
	-32
	-34
	-35
	-36
	-39

	
	25
	-32
	-35
	-35
	-37
	-39

	Case 4 (3 kmph)
	-5
	-17
	-21
	-24
	-21
	-23

	
	0
	-21
	-26
	-28
	-26
	-28

	
	5
	-24
	-29
	-31
	-29
	-31

	
	10
	-26
	-31
	-33
	-31
	-33

	
	15
	-27
	-32
	-33
	-32
	-35

	
	20
	-28
	-32
	-34
	-33
	-35

	
	25
	-28
	-32
	-34
	-33
	-35

	VA30
	-5
	-16
	-21
	-23
	-21
	-23

	
	0
	-20
	-25
	-27
	-25
	-27

	
	5
	-23
	-28
	-30
	-28
	-30

	
	10
	-24
	-29
	-31
	-29
	-31

	
	15
	-25
	-30
	-32
	-30
	-32

	
	20
	-25
	-30
	-32
	-30
	-32

	
	25
	-25
	-30
	-32
	-30
	-32

	VA120
	-5
	-16
	-21
	-23
	-21
	-23

	
	0
	-20
	-25
	-27
	-25
	-27

	
	5
	-22
	-27
	-30
	-27
	-29

	
	10
	-23
	-29
	-31
	-28
	-30

	
	15
	-24
	-29
	-31
	-29
	-31

	
	20
	-24
	-29
	-31
	-29
	-31

	
	25
	-24
	-29
	-32
	-29
	

-31


Table 5.1.2.3-2: Mean Ec/Ior for F-DPCH (target BER is 0.1)

	Channel
	Geometry

(dB)
	Mean Ec/Ior for FDPCH (dB)

	
	
	Legacy
	Repeat

(3x)
	Repeat

(5x)
	Decimate

(3x)
	Decimate

(5x)

	PA3
	-5
	-19
	-24
	-26
	-24
	-26

	
	0
	-24
	-29
	-31
	-29
	-31

	
	5
	-28
	-32
	-33
	-33
	-35

	
	10
	-31
	-34
	-35
	-36
	-38

	
	15
	-33
	-35
	-35
	-37
	-40

	
	20
	-33
	-35
	-35
	-38
	-40

	
	25
	-33
	-35
	-35
	-38
	-41

	Case 4 (3 kmph)
	-5
	-19
	-24
	-26
	-24
	-26

	
	0
	-24
	-28
	-31
	-29
	-31

	
	5
	-27
	-31
	-33
	-32
	-34

	
	10
	-29
	-33
	-34
	-34
	-36

	
	15
	-30
	-33
	-34
	-35
	-38

	
	20
	-30
	-34
	-34
	-35
	-38

	
	25
	-30
	-34
	-35
	-35
	-38

	VA30
	-5
	-19
	-24
	-26
	-24
	-26

	
	0
	-23
	-28
	-30
	-28
	-30

	
	5
	-26
	-30
	-32
	-30
	-33

	
	10
	-27
	-31
	-33
	-32
	-34

	
	15
	-27
	-32
	-33
	-32
	-34

	
	20
	-27
	-32
	-33
	-32
	-34

	
	25
	-27
	-32
	-34
	-32
	-34

	VA120
	-5
	-19
	-24
	-26
	-24
	-26

	
	0
	-23
	-28
	-30
	-28
	-29

	
	5
	-25
	-30
	-32
	-30
	-32

	
	10
	-26
	-31
	-33
	-31
	-33

	
	15
	-26
	-31
	-33
	-31
	-33

	
	20
	-26
	-32
	-33
	-31
	-33

	
	25
	-26
	-32
	-33
	-31
	-33


5.1.2.4
Downlink evaluation results ([6])
Tables 5.1.2.4-1 and 5.1.2.4-2 summarize the results for legacy, TPC repetition with slow power control (e.g. 3x, 500Hz), TPC repetition with fast power control (e.g. 3x, 1500Hz) and TPC decimation schemes. Compared to results in section 5.1.2.3, there is no floor for the Ec/Ior for F-DPCH in these results. All other simulation results are the same as in section 5.1.2.3. For a repetition/decimation factor of 3, we obtain a gain close to 5 dB and for a repetition/decimation factor of 5, we obtain a gain close to 7 dB.

When comparing TPC repetition scheme with slow and fast DL power control, we observe a difference in performance in some cases. The repetition scheme with fast power control suffers from more noisy SIR estimation for DL power control determination due to less received energy per slot compared to repetition scheme with slow power control. On the other hand, the faster power control scheme is able to compensate for fading channel fluctuations more efficiently. The net of these two opposing effects determines the overall performance difference between the two types of repetition schemes. Data was not available to analyse the observed trends on the performance difference in further detail.

Table 5.1.2.4-1: Mean Ec/Ior for F-DPCH (target BER is 0.04)

	Channel
	Geometry

(dB)
	Mean Ec/Ior for FDPCH (dB)

	
	
	Legacy
	Repeat

(3x, 500 Hz)
	Repeat

(3x, 1500 Hz)
	Repeat

(5x, 300 Hz)
	Repeat

(5x, 1500 Hz)
	Decimate

(3x)
	Decimate

(5x)

	PA3
	-5
	-16
	-21
	-19
	-23
	-22
	-21
	-23

	
	0
	-21
	-26
	-24
	-28
	-27
	-26
	-28

	
	5
	-25
	-30
	-29
	-33
	-31
	-30
	-32

	
	10
	-29
	-33
	-32
	-36
	-35
	-33
	-36

	
	15
	-31
	-36
	-34
	-38
	-37
	-36
	-38

	
	20
	-32
	-37
	-35
	-39
	-38
	-36
	-39

	
	25
	-32
	-37
	-36
	-40
	-38
	-37
	-39

	Case 16Case 4 (3 kmph)
	-5
	-17
	-21
	n/a
	-24
	n/a
	-21
	-23

	
	0
	-21
	-26
	n/a
	-28
	n/a
	-26
	-28

	
	5
	-24
	-29
	-27
	-31
	-30
	-29
	-31

	
	10
	-26
	-31
	
	-33
	
	-31
	-33

	
	15
	-27
	-32
	-30
	-35
	-33
	-32
	-35

	
	20
	-28
	-33
	-31
	-35
	-34
	-33
	-35

	
	25
	-28
	-33
	-31
	-35
	-34
	-33
	-35

	VA30
	-5
	-16
	-21
	-19
	-23
	-22
	-21
	-23

	
	0
	-20
	-25
	-23
	-27
	-26
	-25
	-27

	
	5
	-23
	-28
	-26
	-30
	-29
	-28
	-30

	
	10
	-24
	-29
	-27
	-31
	-30
	-29
	-31

	
	15
	-25
	-30
	-28
	-32
	-31
	-30
	-32

	
	20
	-25
	-30
	-28
	-32
	-31
	-30
	-32

	
	25
	-25
	-30
	-28
	-32
	-31
	-30
	-32

	VA120
	-5
	-16
	-21
	-19
	-23
	-22
	-21
	-23

	
	0
	-20
	-25
	-23
	-27
	-26
	-25
	-27

	
	5
	-22
	-27
	-25
	-30
	-29
	-27
	-29

	
	10
	-23
	-29
	-27
	-31
	-30
	-28
	-30

	
	15
	-24
	-29
	-27
	-31
	-30
	-29
	-31

	
	20
	-24
	-29
	-27
	-32
	-31
	-29
	-31

	
	25
	-24
	-29
	-27
	-32
	-31
	-29
	-31


Table 5.1.2.4-2: Mean Ec/Ior for F-DPCH (target BER is 0.1)

	Channel
	Geometry

(dB)
	
	
	Mean Ec/Ior for FDPCH (dB)

	
	
	Legacy
	Repeat

(3x, 500 Hz)
	Repeat

(3x, 1500 Hz)
	Repeat

(5x, 300 Hz)
	Repeat

(5x, 1500 Hz)
	Decimate

(3x)
	Decimate

(5x)

	PA3
	-5
	-19
	-24
	-22
	-26
	-25
	-24
	-26

	
	0
	-24
	-29
	-27
	-31
	-30
	-29
	-31

	
	5
	-28
	-33
	-32
	-36
	-34
	-33
	-35

	
	10
	-31
	-36
	-35
	-39
	-38
	-36
	-38

	
	15
	-33
	-39
	-37
	-41
	-40
	-37
	-40

	
	20
	-33
	-40
	-38
	-42
	-41
	-38
	-40

	
	25
	-33
	-40
	-38
	-42
	-41
	-38
	-41

	Case 4 (3 kmph)
	-5
	-19
	-24
	-22
	-26
	-25
	-24
	-26

	
	0
	-24
	-28
	-27
	-31
	-30
	-29
	-31

	
	5
	-27
	-32
	-30
	-34
	-33
	-32
	-34

	
	10
	-29
	-34
	-32
	-36
	-35
	-34
	-36

	
	15
	-30
	-35
	-33
	-38
	-37
	-35
	-38

	
	20
	-30
	-36
	-34
	-38
	-37
	-35
	-38

	
	25
	-30
	-36
	-34
	-38
	-37
	-35
	-38

	VA30
	-5
	-19
	-24
	-22
	-26
	-25
	-24
	-26

	
	0
	-23
	-28
	-26
	-30
	-29
	-28
	-30

	
	5
	-26
	-30
	-29
	-33
	-32
	-30
	-33

	
	10
	-27
	-31
	-30
	-34
	-33
	-32
	-34

	
	15
	-27
	-32
	-30
	-34
	-33
	-32
	-34

	
	20
	-27
	-32
	-30
	-34
	-33
	-32
	-34

	
	25
	-27
	-32
	-30
	-34
	-34
	-32
	-34

	VA120
	-5
	-19
	-24
	-22
	-26
	-25
	-24
	-26

	
	0
	-23
	-28
	-26
	-30
	-29
	-28
	-29

	
	5
	-25
	-30
	-28
	-32
	-31
	-30
	-32

	
	10
	-26
	-31
	-29
	-33
	-32
	-31
	-33

	
	15
	-26
	-32
	-29
	-34
	-33
	-31
	-33

	
	20
	-26
	-32
	-30
	-34
	-33
	-31
	-33

	
	25
	-26
	n/a
	n/a
	n/a
	n/a
	-31
	-33


5.1.2.5
Uplink evaluation results
5.1.2.5.1
Link evaluation results ([7])
Link simulation results of E-DPDCH performance with residual BLER for fast power control (1500Hz) and slow power control (300Hz) are provided in Table 5.1.2.5.1-1 and Table 5.1.2.5.1-2, showing 2 HARQ transmissions and 4 HARQ transmissions, respectively. It should be noted that when applying legacy TPC update frequency of 1500Hz, a higher DL TPC error rate could be targeted. Table 5.1.2.5.1-3 shows Rx Ec/No difference (dB) corresponding to DL TPC error 10%@1500Hz and DL TPC error 1%@300Hz.

Table 5.1.2.5.1-1: E-DPDCH received Ec/N0 (dB) with 1 % Residual BLER (2 HARQ Transmissions)

	PC
	Rx Ec/No (dB)

	Frequency (Hz)
	Error (%)
	PA 3
	VA30
	VA120
	UL case 4

	1500
	4
	-11.16
	-10.31
	-9.84
	-9.52

	
	10
	-10.98
	-9.88
	-9.42
	-9.11

	300
	1
	-10.62
	-8.95
	-9.46
	-9.27

	
	4
	-10.30
	-8.88
	-9.44
	-9.22

	
	10
	-9.81
	-8.52
	-9.13
	-9.09


Table 5.1.2.5.1-2: E-DPDCH received Ec/N0 (dB) with 1 % Residual BLER (4 HARQ Transmissions)

	PC
	Rx Ec/No (dB)

	Frequency (Hz)
	Error (%)
	PA 3
	VA30
	VA120
	UL case 4

	1500
	4
	-14.41
	-13.46
	-13.09
	-12.38

	
	10
	-14.15
	-13.22
	-12.86
	-12.22

	300
	1
	-14.06
	-12.61
	-12.97
	-12.30

	
	4
	-13.95
	-12.59
	-12.83
	-12.25

	
	10
	-13.60
	-12.44
	-12.76
	-12.12


Table 5.1.2.5.1-3: Rx Ec/No difference (dB) corresponding to (DL TPC error 10%@1500Hz – DL TPC error 4%@300Hz )
	
	PA3
	VA30
	VA120
	Case 4

	2-HARQ
	-0.68
	-0.93
	0.04
	0.16

	4-HARQ
	-0.2
	-0.61
	0.11
	0.08


5.1.2.5.2
Link evaluation results ([8])
In the uplink simulations, the evaluation has considered three different test cases. In Table 5.1.2.5.2-1, some of the simulation assumptions are listed, the other assumptions are provided in Annex A.1 Link simulation assumptions.

Table 5.1.2.5.2-1: Simulation Assumptions

	Parameter
	Test Case 1 (TC1)
	Test Case 2 (TC2)
	Test Case 3 (TC3)

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH
	E-DPDCH, E-DPCCH, DPCCH
	DPDCH, DPCCH

	E-DCH TTI [ms]
	10
	2
	N/A

	TBS [bits]
	5076
	355
	amr speech 12.2k 

	spreading factor
	1xSF4
	1xSF4
	SF64

	20*log10(βed/βc) (dB)
	8.94
	8.94
	N/A

	20*log10(βec/βc) (dB)
	-1.94
	-1.94
	N/A

	Target Number of H-ARQ Transmissions
	2 
	1, 2
	N/A

	Channel Encoder
	Turbo Encoder
	Turbo Encoder
	Convolutional Encoder

	Number of iterations for turbo decoder
	8
	8
	N/A

	UL TPC Error (sent on F-DPCH)
	0, 0.04, 0.1
	0, 0.04, 0.1
	0, 0.04, 0.1

	Propagation Channel
	PA3, VA30, VA120, Case 4*
	PA3, VA30, VA120, Case 4*
	PA3, VA30, VA120, Case 4*

	Power Control Frequency
	300Hz, 1500Hz
	300Hz, 1500Hz
	300Hz, 1500Hz


NOTE: * The propagation channel Case 4 is for the uplink, which has a speed of 250km/h in the simulated frequency band and is different from the Case 4 for downlink.

Link simulation results regarding to the test cases are listed in Table 5.1.2.5.2-2~Table 5.1.2.5.2-5. Table 5.1.2.5.2-6 shows Rx Ec/No difference (dB) corresponding to DL TPC error 10%@1500Hz and DL TPC error 4%@300Hz.

Table 5.1.2.5.2-2: Rx Ec/No (dB) corresponding to 1% residual BLER (PA3)
	Test Case
	PC

Frequency (Hz)
	DL TPC Error 

	
	
	0
	0.04
	0.1

	TC1
	1500
	-11.4
	-11.4
	-11.2

	
	300
	-10.9
	-10.8
	-10.6

	TC2, 

1-HARQ
	1500
	-11.2
	-11.0
	-10.7

	
	300
	-10.9
	-10.7
	-10.4

	TC2, 

2-HARQ
	1500
	-13.6
	-13.5
	-13.3

	
	300
	-13.3
	-13.2
	-13.0

	TC3
	1500
	-20.8
	-20.7
	-20.5

	
	300
	-19.9
	-19.8
	-19.6


Table 5.1.2.5.2-3: Rx Ec/No (dB) corresponding to 1% residual BLER (VA30)
	Test Case
	PC

Frequency (Hz)
	DL TPC Error

	
	
	0
	0.04
	0.1

	TC1
	1500
	-10.7
	-10.4
	-10.1

	
	300
	-9.6
	-9.6
	-9.5

	TC2,

1-HARQ
	1500
	-9.0
	-8.7
	-8.2

	
	300
	-7.5
	-7.5
	-7.5

	TC2,

2-HARQ
	1500
	-12.1
	-11.9
	-11.7

	
	300
	-11.6
	-11.5
	-11.4

	TC3
	1500
	-20.2
	-20.0
	-19.7

	
	300
	-19.6
	-19.5
	-19.3


Table 5.1.2.5.2-4: Rx Ec/No (dB) corresponding to 1% residual BLER (VA120)
	Test Case
	PC

Frequency (Hz)
	DL TPC Error

	
	
	0
	0.04
	0.1

	TC1
	1500
	-10.2
	-10.1
	-9.7

	
	300
	-10.1
	-10.0
	-9.8

	TC2,

1-HARQ
	1500
	-8.0
	-7.9
	-7.6

	
	300
	-8.3
	-8.3
	-8.2

	TC2,

2-HARQ
	1500
	-11.2
	-11.1
	-10.9

	
	300
	-11.6
	-11.6
	-11.5

	TC3
	1500
	-19.4
	-19.3
	-19.1

	
	300
	-19.3
	-19.3
	-19.0


Table 5.1.2.5.2-5: Rx Ec/No (dB) corresponding to 1% residual BLER (Case 4)
	Test Case
	PC

Frequency (Hz)
	DL TPC Error

	
	
	0
	0.04
	0.1

	TC1
	1500
	-10.3
	-10.2
	-9.9

	
	300
	-10.0
	-9.9
	-9.8

	TC2,

1-HARQ
	1500
	-8.8
	-8.6
	-8.4

	
	300
	-9.1
	-9.1
	-8.9

	TC2,

2-HARQ
	1500
	-11.4
	-11.2
	-11.0

	
	300
	-11.6
	-11.6
	-11.5

	TC3
	1500
	-19.1
	-19.0
	-18.7

	
	300
	-18.9
	-18.9
	-18.7


Table 5.1.2.5.2-6: Rx Ec/No difference (dB) corresponding to (DL TPC error 0.1@1500Hz – DL TPC error 0.04@300Hz )
	
	PA3
	VA30
	VA120
	Case 4

	TC1
	-0.4
	-0.5
	0.3
	0

	TC2, 1-HARQ
	0
	-0.7
	0.7
	0.7

	TC2, 2-HARQ
	-0.1
	-0.2
	0.7
	0.6

	TC3
	-0.7
	-0.2
	0.2
	0.2


5.1.2.5.3
Link evaluation results ([9])
Table 5.1.2.5.3-1 presents the Rx Ec/No values corresponding to 1% residual BLER. Table 5.1.2.5.3-2 shows Rx Ec/No difference (dB) corresponding to DL TPC error 10%@1500Hz and DL TPC error 4%@300Hz.
Table 5.1.2.5.3-1: Rx Ec/No corresponding to 1% residual BLER

	PC 
	PC 
	Ec/No (dB) for BLER of 1%@2Tx
	Ec/No(dB) for BLER of 1%@4Tx

	frequency (Hz)
	error (%)
	PA 3
	VA30
	VA120
	case 4
	PA 3
	VA30
	VA120
	case 4

	1500
	4
	-8.90
	-8.04
	-7.41
	-7.69
	-11.95
	-11.1
	-10.5
	-10.75

	
	10
	-8.69
	-7.70
	-7.14
	-7.42
	-11.75
	-10.9
	-10.33
	-10.54

	300
	4
	-8.14
	-7.00
	-7.15
	-7.42
	-11.65
	-10.55
	-10.4
	-10.62

	
	10
	-7.53
	-6.75
	-6.88
	-7.16
	-11.35
	-10.37
	-10.26
	-10.47


Table 5.1.2.5.3-2: Rx Ec/No difference in (dB) corresponding to (DL TPC error 10%@1500Hz – DL TPC error 4%@300Hz )
	
	PA3
	VA30
	VA120
	Case 4

	2-HARQ
	-0.55
	-0.7
	0.01
	0

	4-HARQ
	-0.1
	-0.35
	0.07
	0.08


5.1.2.5.4
Observations from the uplink evaluations
Comparisons are made on 10% DL TPC BER @ 1500Hz and 4% DL TPC BER @ 300Hz according the results shown in Table 5.1.2.5.1-3, Table 5.1.2.5.2-6 and Table 5.1.2.5.3-2. It can be observed if the UE moves at low speed, some performance loss around 0.4dB~0.65dB is observed for PA3 channel, and 0.5dB~0.93dB for VA30 channel. If the UE moves at high speed, some performance gain around 0.01dB~0.3dB is observed for VA120 channel, and 0dB~0.16dB for Case 4 channel.

It can be noted that when the uplink is configured with 4-HARQ transmissions, the performance loss from 300Hz at PA3 is reduced to 0.1dB~0.2dB for PA3 channel, and 0.35dB~0.61dB for VA30 channel. As a result, it can be seen that 4-HARQ transmission can be useful to reduce the uplink transmit power. It is expected that a similar trend would be seen for 2msec and 4 transmissions. However, it is also noted that applying 4 transmissions with 10msec TTI would lead to excessive delays and is not a typical configuration. 

When the uplink is configured with 1-HARQ transmission, the performance difference from 300Hz and 1500Hz can be seen from Table 5.1.2.5.2-6, TC2, 1-HARQ. It can be observed that there is no performance difference for 300Hz and 1500Hz for PA3 channel, but 0.7dB loss for VA30 channel, and 0.7dB gain for VA120 channel and Case 4 channel. Thus it can be concluded that even for situations in which HARQ would not be applied, the UL performance is similar in magnitude to 2 HARQ transmissions. However, it is noted that 1-HARQ transmission is not a typical configuration in the uplink.
5.1.3
Impact on UE implementation

Both proposals to reduce TPC frequency may have an impact on the UE inner loop power control algorithm implementation which is used to derive the DL TPC command sent on UL DPCCH since the algorithm computes received SIR based on the DL DPCCH/F-DPCH and compares it against a target SIR. The SIR computation may have to be modified taking into account the TPC frequency.

In the proposal to reduce TPC frequency with repetition of TPC commands in the DL, the UL TPC commands sent on DL DPCCH/F-DPCH are sent with a lower Ec/Ior expecting the UE to soft combine across consecutive slots. 
Legacy UEs which use UL TPC bits for inner loop power control decode and use TPC every slot and do not soft combine TPC across slots. Thus this proposal will cause a UE implementation change. Moreover, UEs need to read some additional signaling which indicates the TPC frequency and periodicity/repetition. This also involves UE implementation change. The synchronization primitive derivation implementation at the UE will be impacted.

In the proposal to reduce TPC frequency with DTX of TPC commands, TPC bits are sent discontinuously in the DL but with DPCH Ec/Ior setting as in the legacy implementation. Again legacy UEs which use UL TPC bits for inner loop power control decode and use TPC every slot and do not keep track of such periodicity of TPC transmission/DTX. Thus this proposal will also cause a UE implementation change. Moreover, UEs need to read some additional signaling which indicates the TPC frequency and timing. This also involves UE implementation change.

Also, UEs may have different power control algorithms for DPCH and F-DPCH. 

Moreover when UE is in soft handover, the UE combines TPC commands from radio links of the same radio link set and from radio links of different radio link sets based on the procedures defined in [3]. If different radio links use different TPC frequency or when some radio links use legacy TPC mechanism while other radio links use the newly proposed TPC mechanism, the algorithm for combining of TPC from different radio links during SHO has to be modified in the UE and this is a significant implementation change. If different radio links use the same TPC frequency, the soft combining of radio links in the same radio link set may not introduce any additional impact.
5.1.4
Requirement

A key requirement for reduced TPC frequency in the context of downlink enhancements for UMTS is that all radio links used by UE during soft handover should have the same TPC frequency.

5.1.5
Conclusion

This study considered two algorithms for downlink power control where the TPC frequency is reduced. One algorithm assumes that the same TPC command is repeated in N consecutive slots (algorithm 1 or TPC repetition). The other algorithm assumes that the TPC command is sent every N slots (algorithm 2).Characteristics of typical scenarios considered for these algorithms are the ones in which there is a large number of users (e.g., greater than 50) that are held in the CELL_DCH RRC state, and for whom Release 7 CPC is not applied.

Downlink evaluation results

From link evaluations, a downlink gain around 10*log10N dB (where N is the repetition/decimation factor) can be observed for all the candidate solutions of slow power control over the legacy algorithm 1 fast power control. 

System simulations have been performed under the assumptions of a full buffer traffic loading in neighbour cells (100% DL Node B activity factor) and 100% penetration of UEs having this feature. A scenario has been considered in which it is assumed that 25% of Soft Handover UEs are F-DPCH time aligned at the Node B. Such scenarios have about 30-50% probability of arising if the RNC does not implement timing distribution algorithms (lower probability if the RNC does do timing distribution algorithms).

A comparison of the results is shown in Table 5.1.5-1. In the comparison, legacy algorithm with 4% TPC BER is the baseline, and legacy algorithm with 10% TPC BER is the legacy solution, while TPC repetition algorithm (N=5) with 4% TPC BER is the new solution. In the results, it is assumed that the uneven TPC allocation stemming from SHO users when setting up new non-SHO radio links are not equalized by the RNC. From the table, it can be observed that the maximum power saving for the new solution can be as much as 24%, while for the legacy solution this saving is 16%.

Thus, the gain of the proposed algorithm over the baseline is up to 8% in DL power (with 30-50% probability) in the simulated scenarios. For other soft handover scenarios further gain may be available with less than 30% probability. The downlink power overhead for both legacy solution and new solution reduces if the load or UE penetration reduces or the RNC implements timing distribution. 
Table 5.1.5-1: Downlink power saving compared with 4% TPC BER legacy algorithm
	
	10% TPC BER

Legacy algorithm
	4% TPC BER

TPC repetition algorithm (N=5)

	100 UEs

25% unevenly distributed SHO UEs
	11%~16%
	18%~24%


Uplink evaluation results
Comparisons are made on 10% DL TPC BER @ 1500Hz and 4% DL TPC BER @ 300Hz. If the UE moves at low speed, some performance loss around 0.4dB~0.65dB is observed for PA3 channel, and 0.5dB~0.93dB for VA30 channel when the proposed new algorithm is applied. If the UE moves at high speed, some performance gain around 0.01dB~0.3dB is observed for VA120 channel, and 0dB~0.16dB for Case 4 channel when the new algorithm is applied.

The uplink impact of legacy algorithm (fast power control) with 10% TPC BER and new algorithms (slow power control) with 1% and 4% TPC BER are summarized as follows:

Table 5.1.5-2: Summary of all the candidate solutions

	Candidate solutions
	Uplink impact

	Legacy algorithm with 10% TPC BER
	Low (≈ 0.1dB)

	New algorithms with 1% TPC BER
	Low (≈ 0.1dB)

	New algorithms with 4% TPC BER
	Medium (<0.6dB)


<Partially omitted>

6
Impact on RAN WGs
The following sections provide a high level description of the specification impact for different Working Groups due to the introduction of the features in this Technical Report.

6.1
Impact on RAN1 specifications
25.214

For the TPC repetition solution, the TPC transmission scheme at the Node B and the soft combining procedure at the UE are required to be specified. Modifications for compressed mode operation are also required to be specified. For the TPC decimation solution, the TPC transmission scheme at the Node B is required to be specified.
6.2
Impact on RAN2 specifications
25.331

For both the TPC repetition solution and TPC decimation solution, UE receiver capability is required to be specified. 

6.3
Impact on RAN3 specifications
General
For both the TPC repetition solution and TPC decimation solution, potential signalling is required between the Node B and the RNC.
6.4
Impact on RAN4 specifications
General
For both the TPC repetition solution and TPC decimation solution, potential impact should be considered on the demodulation performance part.
<Partially omitted>
7
Conclusions
Annex A:
Performance evaluation methodology
A.1
Link simulation assumptions

The downlink link simulation assumptions of the solutions to enhance downlink signaling performance are shown in Table A.1-1.

Table A.1-1: Downlink link simulation assumptions of the solutions to enhance downlink signalling performance

	Parameters
	Values

	IorvsIoc
	[-5, 25] dB

	Outer loop power control
	Off

	Inner loop power control
	On

	Step size for inner loop power control
	1dB

	DL TPC error
	0

	DL TPC delay
	1slot

	Propagation condition
	PA3, Case 4,VA30, VA120

	Repeat Factor
	1, 3, 5


The uplink link simulation assumptions of the solutions to enhance downlink signaling performance are shown in Table A.1-2.

Table A.1-2: Uplink link simulation assumptions of the solutions to enhance downlink signalling performance
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	10

	TBS [bits]
	5076

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	1xSF4

	20*log10(βed/βc) [dB]
	8.94

	20*log10(βec/βc) [dB]
	-1.94

	20*log10(βhs/βc) [dB]
	OFF

	Number of H-ARQ Processes
	4

	Target Number of H-ARQ Transmissions
	2 

	H-ARQ operating point
	1 % Residual BLER

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error (sent on F-DPCH)
	4%, 10%

	Propagation Channel
	PA3, Case 4, VA30, VA120

	NodeB Receiver Type
	RAKE 

	Power Control Frequency
	300Hz, 1500Hz
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------------------End of the text proposal------------------
3
Conclusion

Proposal 1: It is proposed RAN2 to discuss and agree the proposed text for the TR 25.706.
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