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1	Introduction
Design of UL ACK to support DL FET was discussed in RAN1 #76, and a way forward was agreed in [1], where the slot format for UL DPCCH is agreed to have 6 pilot symbols, 2 TPC, and the remaining two symbols may be used for TFCI or ACK signalling.  In this contribution, a design for ACK signalling based on two-slot BPSK is considered and evaluated.
2	UL DPCCH structure with ACK
UL DPCCH with slot format (nPilot = 6, nTFCI/ACK/NACK =2, nTPC = 2) is considered with TFCI sent over the first 10 slots, using (20,5) Reed Muller code specified in Table 15A and mapping described in Section 4.7.2.2 of [2], allowing for 32 TFCI values, i.e, the TFCI bit sequence of (0,0,0,0,0) is also allowed unlike CQI bit sequence (0,0,0,0,0).
To send the ACK, two consecutive slots are used to repeat the ACK message. Thus, there is an ACK opportunity every alternate slot starting from slot 10, after TFCI information is sent, with the last ACK opportunity occurring at slot pairs #24 and #25, where enumeration of slots starts from 0 over two radio frames. In other words, the first slot of a slot pair carrying ACK is always an even-numbered slot. Slot pairs (26,27), (28,29) and (29,30) are considered too late to send an ACK message and always carry NACK. The ACK in each slot is sent using BPSK modulation at the same level as DPCCH pilot. When ACK is not being sent, NACK is sent in every slot.  
Table 1 summarize simulation assumptions for evaluations.
Table 1: Two slot BPSK, single link
	Parameter
	Configuration

	UL transmission time
	10ms

	TFCI encoding
	First 10 slots carry TFCI using (20,5) Reed Muller Code, allowing 32  

	T2P (FULL,SID to DPCCH)
	2.6940, -5.46 dB

	Target false alarm
	3e-4 (per-ACK false alarm 

	Target BLER
	1%

	DL TPC error rate
	4%

	ACK opportunities
	Every alternate slot beginning at slot #10 and ending with slot#25, where slots are enumerated starting from 0 over two radio frames


3	Performance Results
3.1	Performance of ACK
Table 2 and Table 3 show the performance of ACK signalling in single link and soft-handover with two-link with zero imbalance between the two links. As can be seen in this table, missed detection rate for target false alarm rate of 3e-4 per ACK is less than 2% in single link for all cases, and is about 12% on the average, with maximum of about 17%, in the two-link soft handover scenario. The low missed detection rate and stringent false alarm rate guarantees efficient DL FET operation in single link and multi-link scenarios.  The relatively higher missed detection rate in soft handover is still low enough to provide significant gains for DL FET (80% likelihood to receive the ACK and terminate the transmission). 
Proposal 1: ACK shall be sent in pairs over consecutive pairs of slots starting from slot number 10 with a total of 8 ACK opportunities every 20ms, i.e., over slot pairs (10,11), (12,13),…,(24,25) (where slots in a TTI are numbered 0 through 29).  
Table 2: Two-slot BPSK, single link
	Channel
	Packet Type
	BLER at 10ms
	TFCI error rate
	DPCCH Ec/No setpoint (dB)
	Per ACK False Alarm Rate
	Overall False Alarm Rate
	Missed detection rate

	PA3
	FULL
	0.0102
	0.0002
	-15.2964
	0
	0
	0.0133

	PA3
	SID
	0.0104
	0.0004
	-17.8513
	0.0001
	0.0002
	0.0048

	PB3
	FULL
	0.0103
	0.0003
	-15.1361
	0
	0.0001
	0.0092

	PB3
	SID
	0.0103
	0.0003
	-17.8074
	0
	0.0002
	0.0035

	VA30
	FULL
	0.0103
	0.0006
	-14.5308
	0.0001
	0.0004
	0.0125

	VA30
	SID
	0.0103
	0.0003
	-17.2659
	0.0001
	0.0004
	0.0049

	VA120
	FULL
	0.0103
	0.0003
	-14.2912
	0.0003
	0.001
	0.0198

	VA120
	SID
	0.0103
	0.0003
	-16.9817
	0.0002
	0.0005
	0.0117







Table 3: Two slot BPSK, soft handover
	Channel
	Packet Type
	BLER at 10ms
	TFCI error rate
	DPCCH Ec/No setpoint (dB)
	Per ACK False Alarm Rate
	Overall False Alarm Rate
	Missed detection rate

	1
	4
	0.0103
	0.0002
	-17.2895
	0
	0
	0.0913

	1
	5
	0.0103
	0.0002
	-19.9101
	0
	0.0001
	0.0497

	PA3
	FULL
	0.0104
	0.0004
	-17.0818
	0.0003
	0.001
	0.1748

	PA3
	SID
	0.0104
	0.0003
	-19.6968
	0.0001
	0.0004
	0.1258

	PB3
	FULL
	0.0106
	0.0005
	-16.1815
	0.0001
	0.0003
	0.1269

	PB3
	SID
	0.0106
	0.0005
	-18.9961
	0.0001
	0.0002
	0.0875

	VA30
	FULL
	0.0106
	0.0006
	-15.6895
	0
	0.0001
	0.1254

	VA30
	SID
	0.0112
	0.0011
	-18.4821
	0.0001
	0.0002
	0.0887

	VA120
	FULL
	0.0106
	0.0006
	-15.2243
	0.0001
	0.0002
	0.1411

	VA120
	SID
	0.0107
	0.0006
	-18.0815
	0.0001
	0.0002
	0.1053



3.2	Performance of TFCI
The decoding error rate of TFCI is also presented in Table 2 and Table 3. Since the effective code rate for TFCI with the (20,5) code is 1/4, compared to the 1/3 coding rate for the data channel, TFCI appears to be sufficiently protected and the maximum error rate for TFCI is about 0.1% which is negligible compared to BLER target of 1%.  Since having 32 TFCI values is more than enough for most vocoders and specifically for AMR family of codecs, it is proposed to adopt the (20,5) coding for TFCI protection in UL DPCCH.
Proposal 2: TFCI shall have 32 possible values and encoded using (20,5) Reed Muller code specified in Table 15A of Section 4.7.2.2 of TS25.212. 

4	Conclusions
Performance of ACK and TFCI in UL DPCCH channel using two-slot BPSK signalling and (20,5) Reed Muller coding, respectively, was evaluated in this contribution and shown to be acceptable.  Based on these evaluations and previous discussion in RAN1, it is proposed that:
Proposal 1: ACK shall be sent in pairs over consecutive pairs of slots starting from slot number 10 with a total of 8 ACK opportunities every 20ms, i.e., over slot pairs (10,11), (12,13),…,(24,25) (where slots in a TTI are numbered 0 through 29).  
Proposal 2: TFCI shall have 32 possible values and encoded using (20,5) Reed Muller code specified in Table 15A of Section 4.7.2.2 of TS25.212. 
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