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1
Introduction
Changing OLPC target slot has proved to be beneficial for frame early termination, a feature proposed to enhance DCH channel performance. Along with targeting an earlier slot, the target BLER in this scheme may be higher than legacy target BLER to obtain optimized FET performance. While the target BLER at earlier slots maybe higher, the final BLER after all FET attempts is often lower than the target BLER. However, there is no guarantee that the final BLER is low enough to guarantee quality of the voice packets.  

In this paper, simple modifications to OLPC algorithms are proposed to ensure that the final BLER meets the BLER requirements. Essentially, the OLPC algorithm should adjust the ILPC set-point such that the target BLER at an earlier slot is met, with an additional constraint that the final BLER is not higher than total BLER requirements. This goal is achieved by modifying the OLPC algorithm to meet both target BLERs as discussed in this paper.
2
Targeting BLER at earlier decoding attempts 

Figure 1 shows schematic of frame, with multiple decoding attempts.  In this example, two decoding attempts are considered, decoding Attempt A and decoding Attempt B.  The receiver attempts to decode the frame at Attempt A, and if not successful, will try to decode the frame again at Attempt B.  
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Figure 1 - Schematic of a frame with multiple decoding attempts
OLPC produces a SIR set-point which is used by inner-loop power-control (ILPC).  A modified OLPC algorithm is proposed to increase the chance of frame early termination.  In this scheme, OLPC targets an earlier decoding attempt to achieve a BLER target. This is illustrated in Table 1. Here, OLPC increases the set-point whenever decoding at Attempt A fails, and decreases the set-point whenever decoding at Attempt A passes.  OLPC in effect ignores the decoding status at Attempt B. By ignoring the decoding status at the final attempt, OLPC is unable to ensure the set-point guarantees final BLER target requirement.

Table 1 – OLPC reaction targeting BLER at Attempt A
	Decoding status at A
	Decoding Status at B
	Final SIR set-point adjustment

	Fail
	Fail
	 UP

	Fail
	Pass
	 UP

	Pass
	Pass
	 Down


3
Multi-Loop OLPC Solution 

To ensure that BLER meets the requirement at a particular decoding attempt, a separate OLPC loop is run with BLER target specific to that decoding attempt.  For example, in the scenario shown in Figure 1 with two decoding attempts, a secondary OLPC loop maintains a second set-point that is required to meet BLER target at Attempt B.  Then, the ILPC will always select the higher set-point among the set-points produced by OLPC loops for each of the decoding attempts.  

Let BLER1 … BLERn denote the required BLER targets at Attempts 1, 2, .., n with n decoding attempts.  In this solution, n OLPC loops are run to produce and maintain n set-points S1, S2, …, Sn.  The ILPC then selects max (S1, S2, …, Sn) as the set-point to be used for inner-loop power control.   Since the maximum set-point among all set-points is selected, it is ensured that the achieved BLER at each of the n decoding attempts does not exceed the target BLER at the each of the n decoding attempts. 

The OLPC loops maintaining the set-point of each decoding attempt may be of different type or of different configuration.  For example, the final OLPC loop may have an anti-wind up mechanism, or the UP/Down step size of different OLPC loops could be different.  The OLPC could be any algorithm that produces a set-point to target a BLER value, without necessarily restricted to conventional OLPC algorithms which use UP/Down adjustments in response to successful/failed decoding attempts.

4
Multi-Step OLPC Solution
In this scheme, the OLPC algorithm only maintains a single set-point but uses different step-sizes in response to different error events.  For example in Table 1, the step sizes by which the set-point is adjusted are outlined in the right column.  For each event, a different step size is used, denoted by a, b, and -c here, where a and b are up, and -c is down.    By cleverly setting the ratio between different step sizes a, b, and c, one can target different BLER targets at different decoding attempts.  This is illustrated through an example.

For example, by setting a = 1dB, b =1/10 dB, and c = 1/99 dB, we can ensure that BLER at Attempt A is less than 11.1% and BLER at Attempt B is less than 1.01%.  The reason can be described as follows.  Let N1, N2, N3 denote the number of occurrence of each event in Table 1.  Then the set-point in the long run is given by  N1  +  N2 /10 -  N3 /99 = S, where S is the long term set-point.  In the long run for large values of N1  N2 N3 this ensures that N1 / (N2 + N3) < N1 / N3 < 1/99, which ensures that BLER at Attempt B (20ms) is less than 1.01%.   Also, N2/N3 < 10/99, so (N1+N2)/N3 < 11/99, which ensures the BLER at Attempt A (10ms) is < 11.1%. 
In the case of more than two attempts, the same mechanism applies. By having a different step size for each possible set of decoding outcomes for all decoding attempts, the OLPC algorithm can maintain a single set-point that ensures BLER of different values at different decoding attempts.  The BLER values achieved over different decoding attempts depend on the ratios of step sizes applied for each decoding set of outcomes.
Table 2 – Multi-Step OLPC 
	Decoding status at A
	Decoding Status at B
	Final SIR set-point adjustment
	SIR adjustment step size
	Number of Occurrence

	Fail
	Fail
	 UP
	a
	N1

	Fail
	Pass
	 UP
	b
	N2

	Pass
	Pass
	 Down
	-c
	N3


4.1
Selecting the step size in multi-step OLPC algorithm.

Choosing the ratio of step sizes controls the BLER target at different decoding attempts.  In this section we describe a general method to determine step sizes to achieve certain BLER targets.

Table 3 lists all the decoding results (events) per each row.  Notice that if decoding in Attempt i  is successful, then decoding in all subsequent attempts is also successful, since the packet is already decoded earlier.  The first n events in this table are associated with up steps  Ui, i = 1, …, n, where at least one attempt fails.  The final event where the first attempt, and thus all the rest, pass is associated with down step –D.    In this table, fi, i=1,…,n denote the probability (frequency) of occurrence of the first n events, and p denotes the probability (frequency) of the final all-pass events.
Table 3 – Multi-Step OLPC with more than two decoding attempts
	Attempt 1
	Attempt 2
	…
	Attempt n
	Attempt n
	Step Size
	Frequency

	Fail
	Fail
	…
	

Fail
	Fail
	U1
	f1

	Fail
	Fail
	 …
	Fail
	Pass
	U2
	f2

	Fail
	Fail
	 …
	Pass
	Pass
	U3
	f3
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	Fail
	Pass
	…
	Pass
	Pass
	Un
	fn

	Pass
	Pass
	…
	Pass
	Pass
	-D
	p


By stability of OLPC, in the steady-state, we have
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Thus, we have that 
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. Now, since Attempt K, K=1,..,n fails in all events i=1,2…,n+1-K, the failure rate of Attempt K  is given by 
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Thus, we find that 
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Thus, by controlling the ratios of D and up step sizes Ui, we can control the BLER target at various decoding attempts.
5  Simulation Evaluation
To demonstrate that the effectiveness in controlling the final BLER, the multi-loop OLPC solution is evaluated under an extreme scenario where a target BLER of 80% is used at slot 15 (10ms) for enhanced UL DCH channel introduced in Option 1 of [1].  Simulation assumptions are listed in Table 1.
Table 1 – Simulation setup

	FET-DPCCH 
	Enabled – Carries TFCI Information in the first 2 slots (Option 1 in [1])

	UL DPDCH
	Repeated twice with 10ms TTI

	UL DPCCH slot format
	8 pilots, 2 TPC

	BLER Target Slot
	15

	BLER Target
	80%

	Final BLER Target at 20ms
	1%

	Channels
	ITU PA3, PB3, VA30, VA120

	Traffic 
	AMR 12.2Kbps


Table 2 shows a control case, where the final BLER values when a two-loop OLPC algorithm is disabled and final BLER target is not controlled.   As can be seen, when a high BLER value is targeted at 10ms, the final BLER can be well above the target final BLER of 1%, and varies considerably depending on the channel.  Simply reducing the target BLER may not be an efficient approach to ensure the final BLER, since the target BLER at 10ms to meet the final BLER of 1% depends on the channel type, and we may have to target aggressively for the worst case scenario.
Table 2  Control case with two-loop OLPC disabled.  Final BLER performance at 20ms violates 1% target.
	Channel
	Packet
	Bler at Slot 15
	Bler at Slot 30
	Average Ecp/Nt dB Target
	TFCI  Error Rate
	TPC Error Rate

	PA3
	FULL
	0.8
	0.0459
	-23.8379
	0.003
	0.0797

	PA3
	SID
	0.7722
	0.0513
	-24.3955
	0.0049
	0.0922

	PB3
	FULL
	0.8
	0.2926
	-24.1425
	0.0594
	0.165

	PB3
	SID
	0.8
	0.3642
	-25.0132
	0.0964
	0.2037

	VA30
	FULL
	0.8
	0.3364
	-24.1458
	0.0896
	0.1806

	VA30
	SID
	0.8
	0.4025
	-24.9935
	0.1305
	0.2171

	VA120
	FULL
	0.8
	0.3089
	-23.4363
	0.0752
	0.1663

	VA120
	SID
	0.8
	0.3883
	-24.3123
	0.1208
	0.2027


When the two-loop OLPC algorithm is enabled with final BLER target of 1%, final BLER converges to desired value in all channel types as shown in Table 3.  Comparing with the control case in Table 2, it is observed that the two-loop OLPC scheme is an effective and efficient approach to ensure final BLER target is met, even if the early BLER target is too high.  Notice that due to higher early BLER target, the two-loop OLPC converges on the final BLER target. However, this is not always the case if the early BLER target is sufficiently low that the second OLPC loop for final BLER does not get triggered to increase the set-point.
Table 3 Final BLER with two-loop OLPC is enabled. Final BLER in all cases is less than the 1% target.

	Channel
	Packet
	Bler at Slot 15
	Bler at Slot 30
	Average Ecp/Nt dB Target
	TFCI  Error Rate
	TPC Error Rate

	PA3
	FULL
	0.6977
	0.01
	-23.2462
	0.0014
	0.0606

	PA3
	SID
	0.5327
	0.01
	-23.2728
	0.0019
	0.0614

	PB3
	FULL
	0.6408
	0.0102
	-22.6488
	0.0014
	0.078

	PB3
	SID
	0.4882
	0.0102
	-22.7226
	0.0013
	0.0804

	VA30
	FULL
	0.1517
	0.0103
	-20.1233
	0.01
	0.0358

	VA30
	SID
	0.1202
	0.0103
	-20.2541
	0.01
	0.0372

	VA120
	FULL
	0.2471
	0.0104
	-20.2754
	0.0097
	0.0534

	VA120
	SID
	0.1379
	0.0103
	-19.9818
	0.01
	0.0478





It is also observed that by enabling the two-loop OLPC to ensure final 1% BLER, TPC performance is improved, since the setpoint is automatically high enough to meet the 1% BLER, and thus TPC BER is improved accordingly.
6
Conclusion

Two OLPC algorithms are introduced to ensure the final BLER value is met when higher BLER values at earlier slots are used along with FET.  In particular, the multi-loop OLPC is evaluated in simulations and compared with a control case that no control over final BLER is induced.  Simulation evaluations show that these mechanisms can effectively control the BLER performance when multiple BLER target requirements for earlier decoding attempts and overall BLER need to be met.
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