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1
Introduction

In this contribution, the performance of early termination indicator (ETI) proposed in R1-131169[1] is investigated. Early termination performance based on certain ETI feedback error rate (FBER) is also discussed. Our simulation shows that performance of early termination is barely impacted even though the adopted ETI transmission scheme introduces higher false alarm rate than 0.1%. In case there is strict requirement on false alarm rate, an alternative ETI transmission scheme is also presented and simulated, which however leads to higher power consumption and hence is not suggested for the sake of power efficiency.

2
Early Termination Performance Analysis
In R1-131169[1], ETI feedback error rate is assumed zero for simplicity. In this contribution, a pratical ETI feedback error rate is assumed for the study of a more realistic scenario.
2.1
Uplink Early Termination Performance
2.1.1
Simulation Assumption
The simulated UL BTFD-based ET mechanism is described in [1], while common simulation assumptions are summarized in [1][2]. 
Table 2.1.1.1 lists simulation parameters specific to ET. Additional parameters are listed in Table 2.1.1.2. Figure 2.1.1.1 shows the ETI feedback flow chart and the concept of dynamic TPC (transmit power control) [3].
Table 2.1.1.1 – ET related parameters

	Parameter
	Description

	ETI feedback mask
	[11:2:29]th slot

	ETI feedback error rate
	0.04 in single link
0.1 in two links SHO

	ET gap period
	Within slot 20~ slot 27

	CRC size
	16


Table 2.1.1.2 – Additional parameters

	Parameter
	Description

	TPC symbol mask
	[0:1:10]& [12:2:28]th slot

	Speech codec
	AMR 12.2k

	CE mechanism
	PWC

	CE average symbol length
	29 symbols
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Figure 2.1.1.1 – ETI feedback for UL data transmission based on dynamic TPC rate
Note that ETI feedback error rate is assumed 0.04 in single link case and 0.1 in two-link SHO case (corresponding to TPC CER in DL ET simulation results of single link case and two-links SHO case in [4] respectively). Since based our design ETI CER equals to TPC CER, TPC CER can be used as reference value of ETI FBER.
2.1.2
Simulation Results
Since ETI feedback error rate is not zero, a mechanism is required for UE to determine when to stop the remaining data transmission. Two simple mechanisms are investigated:
Mechanism A: 
Step 1: UE stops data transmission only after two consecutive ACKs are detected. 

Step 2: UE keeps monitoring the following ETIs and counts the number of detected ACKs and NACKs. 

Step 3: Once the number of detected NACKs equals to the number of detected ACKs, UE starts to transmit the remaining slots and goes back to Step 1.
Mechanism B: 
Step 1: UE stops data transmission once it detects an ACK. 
Step 2: UE keeps monitoring the following ETIs and counts the number of detected ACKs and NACKs.
Step 3: Once the number of detected NACKs equals to the number of detected ACKs, UE starts to transmit the remaining slots and goes back to Step 1.
Table 2.1.2.1 shows the Ec/No benefit degradation due to non-ideal ETI FBER. The Ec/No is averaged over PA3, PB3, VA30 and VA120 channels.
Table 2.1.2.1 – Ec/No benefit
	Ec/No benefit (dB)
	Legacy 
(as reference)
	E-WCDMA
FBER = 0
	E-WCDMA
FBER != 0
Mechanism A
	E-WCDMA
FBER != 0
Mechanism B

	Single link
	0
	1.82
	1.61
	1.66

	Two-link SHO
	0
	1.93
	1.39
	0.79


Mechanism B is better in single link case with performance loss being 0.16dB. Mechanism A is better in two-links SHO case with performance loss being 0.54dB. If ETI FBER is larger, a more conservative mechanism, such as Mechanism A, is better.
2.1.3
ETI Performance Analysis
From our proposed ETI transmission mechanism[1], in single link case, the equivalent false alarm rate is roughly 0.04×0.04×9 = 0.0144, where 0.04 is the typical ETI CER in single link case and is squared due to double checking. The squared ETI CER is multiplied by 9 since there are 9 double-check decision pairs in one TTI, namely {(11,13), (13,15), (15,17), (17,19), (19,21), (21,23), (23,25), (25,27), (27,29)}. The equivalent miss detection rate is ~0.04×2 = 0.08 if double checking is performed.
2.2
Downlink Early Termination Performance
2.2.1
Simulation Assumption

The simulated DL BTFD-based ET mechanism is described in [1], while the simulated Slot Format #17 is described in [5]. Common simulation assumptions are summarized in [1] and [2].
Table 2.2.1.1 lists simulation parameters specific to ET. Additional parameters are listed in Table 2.2.1.2. Figure 2.2.1.1 shows the ETI feedback flow chart and the concept of dynamic TPC (transmit power control).
Table 2.2.1.1 – ET related parameters

	Parameter
	Description

	ETI feedback mask
	[11:2:27]th slot

	ETI feedback error rate
	0.02 in single link
0.04 in two links SHO

	ET gap period
	Within slot 20~ slot 27

	CRC size
	16


Table 2.2.1.2 – Additional parameters

	Parameter
	Description

	TPC symbol mask
	[0:1:10]&[12:2:28]&[29]th slot

	Speech codec
	AMR 12.2k

	CE mechanism
	PWC

	CE average symbol length
	29 symbols
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Figure 2.2.1.1 – ETI feedback for DL data transmission based on dynamic TPC rate
Note that ETI feedback error rate is assumed 0.02 in single link case and 0.04 in two-link SHO case (corresponding to TPC CER in UL ET simulation result of single link case and two-link SHO case in [4] respectively). Since ETI CER equals to TPC CER based on our design, TPC CER can be used as reference value of ETI FBER.
2.2.2
Simulation Results

Mechanism A and B described in Section 2.1.2 are investigated.

Table 2.2.2.1 shows the Ec/Ior benefit degradation due to non-ideal ETI FBER. The Ec/Ior benefit is averaged over PA3, PB3, VA30, and VA120 channels.

Table 2.2.2.1 – Ec/Ior benefit

	Ec/Ior benefit (dB)
	Legacy (as ref) 
	E-WCDMA
FBER = 0
	E-WCDMA
FBER != 0
Mechanism A 
	E-WCDMA
FBER != 0
Mechanism B 

	Single link
	0
	3.22
	2.78
	3.11

	Two links SHO
	0
	2.66
	2.15
	2.52


Mechanism B is better in single link case with performance loss being 0.11dB. Mechanism B is better in two-link SHO case with performance loss being 0.14dB.
2.2.3
ETI Performance Analysis

From our proposed ETI transmission mechanism, in single link case, the equivalent false alarm rate is roughly 0.02×0.02×8 = 0.0032, where 0.02 is the typical ETI CER in single link case and is squared due to double checking. It is multiplied by 8 because there are 8 double check decision pairs in one TTI, namely {(11,13), (13,15), (15,17), (17,19), (19,21), (21,23), (23,25), (25,27)}. The equivalent miss detection rate is ~0.02×2 = 0.04 when double checking is performed.
2.3
Performance Summary

Table 2.3.1 and Table 2.3.2 summarize the Ec/Ior (Ec/No) benefit for the case of zero ETI FBER and non-zero ETI FBER. From our proposed ETI transmission mechanism, there is neither extra power waste for ETI transmission compared with legacy system nor significant Ec/Ior or Ec/No degradation due to non-ideal ETI feedback. The degradation can be further reduced if ETI detection mechanism is further improved.
Table 2.3.1 – ET related parameters

	ETI FBER = 0
	Single link
	Two links SHO

	DL Ec/Ior benefit (dB)
	3.22
	2.66

	UL Ec/No benefit (dB)
	1.82
	1.93


Table 2.3.2 – ET related parameters

	ETI FBER != 0
	Single link
	Two links SHO

	DL Ec/Ior benefit (dB)
	3.11
	2.52

	UL Ec/No benefit (dB)
	1.66
	1.39


3
Alternative ETI transmission schemes

In ths section alternative ETI transmission schemes which can meet the strict requirement of 0.1% false alarm rate are investigated. 

3.1
Alternative ETI transmission schemes for Uplink Early Termination
In addition to reusing the TPC filed for ETI transmission (as proposed in [1]), another symbol (128 chips) is also reserved for ETI transmission, as illustrated in Figure 3.1.1. Modulation scheme for this additional reserved symbol can be either QPSK or OOK (on-off keying) for the sake of DL power saving, and simulation results for OOK are presented in this contribution. Table 3.1.1 shows the proposed Slot Format #17a used by the alternative ETI transmission scheme for UL early termination.
As seen in Figure 3.1.1, ETI feedback mask is “[11:2:29]th slot”. When TPC is transmitted in the specified slot, the symbol reserved for ETI is left for DTX. When ETI is transmitted in the specific slot, the symbol originally for TPC is replaced by ETI and is QPSK modulated (as proposed in [1]), while the other symbol is OOK modulated for ETI with offseted power (ETI_PO) to improve ETI performance (and hence extra power consumption compared with DPDCH full-rate speech). 
Table 3.1.1 – proposed DL DPCH Slot Format #17 and Slot Format #17a
	Slot Format #i
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	NData1
	NData2
	NETI
	NTPC
	NTFCI
	NPilot
	

	17
	128
	40
	6
	32
	0
	2
	0
	0
	15

	17a
	128
	40
	4
	32
	2
	2
	0
	0
	15
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Figure 3.1.1 – Alternative ETI feedback for UL data transmission
The values of TPC_PO and ETI_PO for simulations are 3dB and 9dB respectively. The simplifed reference ETI receiver follows the procedure below:
1. Apply MRC on ETI QPSK symbol to get xqpsk
2. Apply MRC on ETI OOK symbol to get xook
3. xcombined = xqpsk + xook
4. ACK/NACK threshold theti = 0.5×etiamp×ampref 
where
ampref (t)= (1-etiα)× ampref(t-1)+etiα×|xqpsk|
ampref (t) is the filtered result at time t
etiamp and etiα are receiver parameters
5. If xcombined > theti, a positive ETI (ACK) is detected; otherwise, a negative ETI (NACK) is detected.
Table 3.1.2 lists the ETI performance in one slot with etiα and etiamp being 0.5 and 2.5 respectively. The results are averaged over packet type “Null”, “SID” and “Full”. Since there are multiple trials within one TTI, a requirement of 0.001 NACK false alarm rate per TTI implies a much smaller NACK false alarm rate per slot. In this case, double checking is performed to achieve the 0.001 NACK false alarm rate since the 9 dB ETI PO is already quite a large value, and the rough equivalent ETI performance is presented in Table 3.1.3.
Table 3.1.2 – ETI performance in one slot (etiα =0.5, etiamp =2.5)
	
	AWGN
	PA3
	PB3
	VA30
	VA120

	TPC CER
	0.0244
	0.0287
	0.0312
	0.0343
	0.0413

	ACK miss rate
	0.0052
	0.0087
	0.0087
	0.0219
	0.0732

	NACK false alarm rate 
	0.0070
	0.0090
	0.0093
	0.0097
	0.0084


Table 3.1.3 – ETI performance in one TTI (etiα =0.5, etiamp =2.5)
	
	AWGN
	PA3
	PB3
	VA30
	VA120

	Equivalent ACK miss rate

(ACK miss rate × 2)
	0.0104
	0.0174
	0.0174
	0.0438
	0.1464

	Equivalent NACK false alarm rate

(NACK false rate ^ 2 × 9) 
	< 0.001
	< 0.001
	< 0.001
	< 0.001 
	< 0.001


Table 3.1.4 shows the extra power consumption when OOK is used for the ETI symbol, and is compared with E-WCDMA using Slot Format #17. As seen, in case of Slot Format #17, there is 3.22dB Ec/Ior benefit compared with the legacy R99 system. When Slot Format #17a is used for ETI transmission, the Ec/Ior increases 0.11 dB while the TPC CER decreases 0.0045. When comparing based on the same TPC performance, the Ec/Ior benefit from different slot formats would be very close. Extra power consumption of 0.16dB and 0.31dB is also observed when OOK is transmitted once per TTI and twice per TTI respectively. 
Table 3.1.4 – Ec/Ior benefit after introducing OOK
	
	Legacy
	E-WCDMA

	
	
	Slot Format #17
	Slot Format #17a

	
	
	
	None
	Once
	Twice

	Ec/Ior benefit (dB)
	0
	3.22
	3.11
	2.95
	2.80

	TPC CER
	0.0272
	0.0387
	0.0342
	0.0343
	0.0338


Observation: Compared with the ETI scheme proposed in [1], roughly additional 0.3dB Ec/Ior power consumption is observed in order to achieve 0.001 ETI false alarm rate in single link case. UL ET performance based on the given ETI channel performance needs further investigations. 
3.2
Alternative ETI transmission schemes for Downlink Early Termination
Based on the ETI transmission scheme for DL ET proposed in [1], the TPC symbles in UL DPCCH are replaced by ETI symbols when ETI is to be sent in the corresponding slot. Such concept can be further generalized so that TFCI or pilot symbols can also be used for ETI transmission when needed, as illustrated in Figure 3.2.1. 
In case of TFCI-based UL DPCCH, it is not harmful to TFCI decoding if fewer TFCI symbols are used, since TFCI coding protection is quite robust when there are few TFC candidates. Likewise in BTFD-based UL DPCCH, the impact of replcing some pilot symbols by ETI symbols is quite limited since there are still plenty of pilot symbols. In addition, extra power can be added to ETI symbols to achieve even lower false alarm rate. The detailed ETI performance is to be investigated.
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Figure 3.2.1 – Alternative ETI feedback schemes for DL data transmission
4
Conclusion

Although the ETI false alarm rate of the ETI transmission schemes proposed in [1] is slightly higher than the required value of 0.001 per TTI, our simulation results presented in Section 2 show that its impact to the system performance is quite limited. The alternative schemes proposed Section 3, when compared with the ETI transmission schemes proposed in [1], trade significant power saving gain for satisfaction of 0.001 ETI false alarm rate. Such additional power consumption can further lead to significant degradation of overall system performance. Therefore, we suggest relaxing the requirement of ETI false alarm rate in the evaluation of candidate ETI transmission schemes. 
Proposal 1: It is proposed to relax the requirement of ETI false alarm rate in the evaluation of candidate ETI transmission schemes.
Proposal 2: It is proposed to discuss and capture the presented simulation results in the corresponding sections of TR for DCH Enhancement for UMTS SI.
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