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1 Introduction
Frame early termination (FET), proposed as part of enhancements to DCH channel in UMTS, requires a mechanism to feedback an acknowledgement message (ACK) from the receive side to the transmit side.  For DL FET, an UL control channel to carry ACK for DL FET operation is proposed in [1].  In this contribution, preliminary performance results for the performance of ACK on UL channel are presented.   Simulation results indicate that the ACK message can be delivered to NodeB from UE with acceptable performance. 
2 Overview of UL FET control channel design in [1]
In UL, a separate channelization code can be used to transmit the ACK message for DL FET.  In Figure 1, the schematic design of this channel is presented.  

ACK is encoded over one slot of 10 bits.   An ACK message is sent only once at the time decoding of DL channel is successful, and no signal is sent otherwise when there is no ACK message (NACK), i.e., on-off keying signalling of ACK and NACK.   The encoding of the ACK message is summarized in Table 1.
[image: image1.emf]DPDCH Packet configured over 10ms TTI Repeat Previous Packet UL DPDCH

TFCI –

(20,5)

A

C

K

/

N

C

K

UL FET-DPCCH

20ms

10ms

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K

A

C

K

/

N

C

K


Figure 1:  UL FET control channel

Table 1: Encoding of ACK message in one slot
	Message
	Encoding

	ACK
	1,1,1,1,1,1,1,1,1,1,1,1

	NACK
	NULL


A power offset with respect to UL DPCCH channel is applied to UL FET control channel during the slots in which the ACK message is sent.  The decoding of the ACK message is similar to decoding of ACK message in UL HS-DPCCH channel. A threshold is computed to meet a desired probability of false alarm (the probability of decoding ACK while NACK is sent), and for the designed threshold, probability of missed detection (the probability of decoding NACK while ACK is sent) is computed.  By controlling the power offset applied to the ACK channel, we can achieve the desired probability of false alarm and missed detection.
Error Contribution Due to Per-ACK False Alarm Probability
Falsely decoding ACK at NodeB when NACK is sent introduces additional decoding error on the DL channel, since NodeB terminates transmission of DL channel in response to false ACK, although UE has not successfully decoded the DL channel yet.    Although OLPC compensates for the additional errors due to false ACKs with increased SIR set point, to minimize this impact in comparison to target BLER of 1% on DL channel, an the overall contribution of errors to due to false ACK decoding of  less than 0.1% guarantees negligible impact on OLPC operation.

We can find a relationship between the overall error contribution due to false ACK decoding and the probability of falsely decoding ACK per slot.  Let [image: image3.png]


 denote the overall contribution to total BLER due to false ACK decoding, and let [image: image5.png]


denote the probability of false ACK decoding (false alarm) per each attempt i of decoding ACK , i=1,…,NFET, where NFET is the total number of FET attempts.  Let [image: image7.png]


 denote the probability that up-to-and-including attempt i, the transport block is not successfully decoded at UE.  An error occurs if at attempt i, the transport block fails to decode at UE, with probability [image: image9.png]


, but a false ACK happens at attempt i, but not earlier, with probability [image: image11.png]


.   Then, the overall error contribution due to false ACK decoding is given by:
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where the summation is over all FET attempts. 

We can solve for [image: image14.png]


 to get [image: image16.png]


=0.001.   Across different sets of [image: image18.png]


 statistics on the DL channel, the worst case value of [image: image20.png]


 solved from the above equation is [image: image22.png]3.2x107%



 across all geometries and channel profiles. For the purpose of this study, we used [image: image24.png]
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, which is more conservative than necessary.  
3 Performance results

Table 2 summarizes performance results for the ACK channel.   In this table, the total probability of missed detection of ACK is listed, along with average dB increase in received Ec/No due to the ACK channel overhead.   The loss due to ACK channel overhead is due to additional power used for sending the ACK message and is computed by averaging across different transport format combinations of FULL, SID, and NULL in AMR12.2k codec. 

It can be seen in Table 2 that with moderate power offsets of 0 to 3 dB, an acceptable probability of missed detection of ACK below 15% for all channels can be achieved.   The table also lists the maximum contribution (across different TFCs) to total BLER due to false ACKs, which in all cases meets the 0.1% target.  On average, the received Ec/No loss due to transmitting the ACK message is below 0.15dB for 3dB offset on ACK channel with less than 5% probability of missed detection.  For reference, converged OLPC DPCCH EcNo set point is also listed in this table. 
Table 2: ACK channel performance with AMR 12.2k codec
	Channel Type
	Average Miss Detection Prob. Per ACK
	Average DPCCH EcNo set point (dB)
	Average dB loss in Rx Ec/No due to ACK channel overhead
	ACK power offset w.r.t. DPCCH

	PA3
	0.7322
	-20.8893
	0.0187
	-6

	PB3
	0.7735
	-20.8975
	0.0186
	-6

	VA30
	0.7418
	-20.8958
	0.0187
	-6

	VA120
	0.6586
	-20.8962
	0.0186
	-6

	PA3
	0.3838
	-20.8958
	0.037
	-3

	PB3
	0.427
	-20.901
	0.037
	-3

	VA30
	0.4314
	-20.7908
	0.0368
	-3

	VA120
	0.3801
	-20.7892
	0.0368
	-3

	PA3
	0.0912
	-20.788
	0.073
	0

	PB3
	0.0943
	-20.7847
	0.0729
	0

	VA30
	0.1387
	-20.9705
	0.0727
	0

	VA120
	0.1558
	-20.7906
	0.0726
	0

	PA3
	0.0085
	-20.6575
	0.1425
	3

	PB3
	0.0083
	-20.4264
	0.1424
	3

	VA30
	0.0299
	-20.4316
	0.1418
	3

	VA120
	0.0497
	-20.4277
	0.1416
	3

	PA3
	0.0007
	-20.5993
	0.2724
	6

	PB3
	0.0006
	-20.4159
	0.2715
	6

	VA30
	0.004
	-20.0712
	0.2676
	6

	VA120
	0.0129
	-20.0691
	0.2707
	6

	PA3
	0.0001
	-20.0693
	0.5021
	9

	PB3
	0.0001
	-20.0689
	0.445
	9

	VA30
	0.0009
	-20.0651
	0.5006
	9

	VA120
	0.0031
	-20.0583
	0.2681
	9


Figure 2 shows the trend of probability of missed detection of ACK versus different ACK offsets.  We see that for all channel profiles, a missed detection probability of less than 10% can be achieved with about 1.5dB power offset for ACK message. 
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Figure 2:  Probability of miss detection with total false alarm of 0.1%
4 Conclusions

A preliminary study on the performance of ACK channel on UL for DL FET shows that acceptable performance is achieved for both probability of missed detection, which corresponds to losses in DL FET, and required power overhead to send the ACK message on UL, which corresponds to losses in UL link performance.   With a power offset of about 2dB, probability of missed detection is less than 10% in all channel profiles, and average loss in received Ec/No to send the ACK message is less than 0.15dB.
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