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1. Introduction
Coherent transmission with 3 reference signal (RS) OFDM symbols per slot has been agreed as the working assumption for uplink ACK/NAK transmission corresponding to scheduled downlink data service. Block spreading applies separately to the ACK/NAK data OFDM symbols and the ACK/NAK RS OFDM symbols to improve coverage. Figure 1 shows the block diagram of coherent ACK/NAK transmission, where C0 – C11 represent the 12 cyclic shifts per RB and S0 – S6 denote the 7 OFDM symbols per slot.  
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Figure 1: Coherent ACK/NAK Transmission per Slot in Uplink

Notice that an ACK/NAK channel is specified by a cyclic shift and a block spreading code. Figure 2 shows the available ACK/NAK RS channels and ACK/NAK data channels per slot.


[image: image2.emf]Ch 32 Ch 30 Ch 30 C

10

Ch 29 Ch 28 Ch 27 C

9

Ch 26 Ch 25 Ch 24 C

8

Ch 23 Ch 22 Ch 21 C

7

Ch 20 Ch 19 Ch 18 C

6

Ch 17 Ch 16 Ch 15 C

5

Ch 14 Ch 13 Ch 12 C

4

Ch 11 Ch 10 Ch 9 C

3

Ch 35 Ch 34 Ch 33 C

11

Ch 8 Ch 7 Ch 6 C

2

Ch 5 Ch 4 Ch 3 C

1

Ch 2 Ch 1 Ch 0 C

0

RS BS 3 RS BS 2 RS BS 1

Ch 32 Ch 30 Ch 30 C

10

Ch 29 Ch 28 Ch 27 C

9

Ch 26 Ch 25 Ch 24 C

8

Ch 23 Ch 22 Ch 21 C

7

Ch 20 Ch 19 Ch 18 C

6

Ch 17 Ch 16 Ch 15 C

5

Ch 14 Ch 13 Ch 12 C

4

Ch 11 Ch 10 Ch 9 C

3

Ch 35 Ch 34 Ch 33 C

11

Ch 8 Ch 7 Ch 6 C

2

Ch 5 Ch 4 Ch 3 C

1

Ch 2 Ch 1 Ch 0 C

0

ACK BS 3 ACK BS 2 ACK BS 1


Figure 2: Available ACK/NAK RS Channels (left) and ACK/NAK Data Channels (right)

Inter – user interference may exist due to spillover between consecutive cyclic shifts or the loss of orthogonality among block spreading codes with high speed UEs. To reduce inter – user inference, it is recommended to use a subset of available ACK/NAK data/RS channels. Further, an implicit mapping between downlink (DL) control channel elements (CCE) to the ACK/NAK data/RS channels can reduce the signaling overhead. Figure 3 shows an example of the implicit mapping between DL CCEs to UL ACK/NAK channels.
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Figure 3: Example of Implicit Mapping between DL CCEs to UL ACK/NAK Channels

Depending on the DL geometry of a UE, its DL control channel may span multiple CCEs. Consequently, multiple UL ACK/NAK channels are reserved for this UE. Figure 4 shows an example where UE 2 gets two UL ACK/NAK channels since its DL control channel consists of two CCEs.
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Figure 4: Example of ACK/NAK Channel Allocation among UEs
UL scheduling request (SR) is a 1 – bit control signaling transmitted through dedicated contention – free channel. In RAN WG1 meeting#50bis in Shanghai it was decided that this two-states SR indicator was transmitted with On-Off Keying on a structure based on ACK/NACK design. A potential issue exists when UE needs to transmit both SR and ACK/NAK in UL, which can be up to 3 bits (2 ACK/NAK bits and 1 SR bit). Naturally, the simultaneous SR and ACK/NAK bits can be transmitted in the ACK/NAK channel with 8PSK modulation. This approach appears applicable for cell – interior UEs because their transmit power can be boosted to compensate the performance loss. However, for cell – edge UEs, increasing modulation order may not be plausible due to the transmit power limitation or the excessive inter – cell interference caused by the cell – edge UE if its transmit power is boosted. On the other hand, for a cell – edge UE, its DL control channel typically consists of multiple CCEs. Thus, according to an implicit 1 – to – 1 mapping between DL CCEs and UL ACK/NAK channels, multiple ACK/NAK channels are available for the cell – edge UE. Note some advanced mapping schemes have been proposed [1]-[4], trying to minimize the ACK/NACK resource over-dimensioning. However they all assume some flexibility to configure such implicit mapping, depending on the expected ratios of CCE sets used in a sub-frame, or also UE density. When this dimensioning takes place, it can also account for the expected ratio of UEs (in each CCE set) that have simultaneous ACK/NACK and SR. In this contribution, we propose to transmit multiple control signaling bits (i.e. up to 2 ACK/NAK bits and 1 SR bit) in multiple UL ACK/NAK channels, if available.
2. Proposed Method
In the remaining of this contribution, UL ACK/NAK and UL SR bits are generally referred as UL control signaling bits. In summary, the proposed method in this contribution utilizes multiple ACK/NAK channels (if available) to maximize the minimum Euclidean distance between any two codewords, with the single carrier transmission restriction, i.e. transmission can only happen in one ACK/NAK channel.
Tables 1 – 4 show the mapping between the control signaling information bits to the codewords, for different number of available ACK/NAK channels. The symbols in each codeword are used to modulate the CAZAC sequence in the corresponding ACK/NAK channels. The symbol “0” means the corresponding ACK/NAK channel is not utilized. For the RS ACK/NAK channel, symbol “1” is always transmitted to provide channel estimation for coherent demodulation.
Table 1: Codewords for 1 ACK/NAK Channel

	UL Control Signaling Bits
	A/N Channel 1

	
	RS
	Data

	1 bit
	0
	1
	1

	
	1
	1
	-1

	2 bits
	00
	1
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	3 bits
	000
	1
	J

	
	001
	1
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	010
	1
	
[image: image10.wmf]2

/

2

2

/

2

j

-

-



	
	011
	1
	-1

	
	100
	1
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	101
	1
	1

	
	110
	1
	-j

	
	111
	1
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Table 2: Codewords for 2 ACK/NAK Channels

	UL Control
Signaling Bits
	A/N Channel 1
	A/N Channel 2

	
	RS
	Data
	RS
	Data

	1 bit
	0
	1
	1
	0
	0

	
	1
	0
	0
	1
	1

	2 bits
	00
	1
	1
	0
	0

	
	01
	1
	-1
	0
	0

	
	10
	0
	0
	1
	1

	
	11
	0
	0
	1
	-1

	3 bits
	000
	1
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	110
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Table 3: Codewords for 4 ACK/NAK Channels

	UL Control
Signaling Bits
	A/N Channel 1
	A/N Channel 2
	A/N Channel 3
	A/N Channel 4

	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	1 bit
	0
	1
	1
	0
	0
	0
	0
	0
	0

	
	1
	0
	0
	1
	1
	0
	0
	0
	0

	2 bits
	00
	1
	1
	0
	0
	0
	0
	0
	0

	
	01
	0
	0
	1
	1
	0
	0
	0
	0

	
	10
	0
	0
	0
	0
	1
	1
	0
	0

	
	11
	0
	0
	0
	0
	0
	0
	1
	1

	3 bits
	000
	1
	1
	0
	0
	0
	0
	0
	0

	
	001
	1
	-1
	0
	0
	0
	0
	0
	0

	
	010
	0
	0
	1
	1
	0
	0
	0
	0

	
	011
	0
	0
	1
	-1
	0
	0
	0
	0

	
	100
	0
	0
	0
	0
	1
	1
	0
	0

	
	101
	0
	0
	0
	0
	1
	-1
	0
	0

	
	110
	0
	0
	0
	0
	0
	0
	1
	1

	
	111
	0
	0
	0
	0
	0
	0
	1
	-1


Table 4: Codewords for 8 ACK/NAK Channels
	UL Control Signaling Bits
	A/N Channel 1
	A/N

Channel 2
	A/N

Channel 3
	A/N

Channel 4
	A/N

Channel 5
	A/N

Channel 6
	A/N Channel 7
	A/N Channel 8

	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	1 bit
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2 bits
	00
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	01
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	10
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	11
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	3 bits
	000
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	001
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	010
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	011
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	
	100
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	
	101
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	
	110
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0

	
	111
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1


3. Simulation Results
Table 5: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Subframes
	2

	Number of UEs
	1

	Number of Control Signaling Bits
	1 or 2 or 3

	Number of A/N Channels
	1 or 2 or 4 or 8

	UE Velocity
	3 km/h

	Channel Model
	PA or SC

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1
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Figure 5: BER of 1 Control Signaling Bit, PA (left), SC (right)
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Figure 6: BER of 2 Control Signaling Bits, PA (left), SC (right) 
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Figure 7: BER of 3 Control Signaling Bits, PA (left), SC (right)
The link level simulation assumptions are listed in Table 5. Figures 5 – 7 show the BER results in PA and SC channels for different number of UL control signaling bits with different number of available ACK/NAK channels. The following observations can be drawn:

· For 1 UL control signaling bit, the number of ACK/NAK channels does not impact the BER performance.

· For 2 UL control signaling bits, similar BER performance is achieved with 2, 4, and 8 ACK/NAK channels, which outperforms the BER performance with 1 ACK/NAK channel by 2 dB.

· For 3 UL control signaling bits, transmissions with 4 and 8 ACK/NAK channels have comparable BER performance, which is about 1 dB better than 2 ACK/NAK channels and 6 dB better than 1 ACK/NAK channel.

· Transmission with 4 ACK/NAK channels has similar BER performance with 8 ACK/NAK channels, irrespective of the number of UL control signaling bits (up to 3 bits).

· For best BER performance with N ACK/NAK channels, log2N control signaling bits can be conveyed by selecting one ACK/NAK (RS and data) channel for transmission. In addition, one more control signaling bit can be transmitted by modulating the CAZAC sequence in the selected ACK/NAK data channel with 1 or -1. In case more than one additional control signaling bits need to be sent, higher order QAM modulation can be used on the selected ACK/NAK channel.
4. Conclusions
In this contribution, we propose to use multiple ACK/NAK channels to transmit multiple UL control signaling bits, which can be UL ACK/NAK bits and UL SR bit. Regardless of the mapping scheme used between DL CCEs and UL ACK/NAK channels, multiple ACK/NAK channels can be made available for a UE if its DL control channel consists of multiple CCEs. Simulation results show that with multiple ACK/NAK channels, the UL ACK/NAK and UL SR BER performance can be improved by 2 – 6 dB, compared to the case where only one ACK/NAK channel is utilized with higher order modulation. In addition, this scheme does not touch the SR indicator PUCCH resource, which is left unused (no dynamic signaling required).
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