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1. Introduction
It has been agreed that the ACK/NAK channel index (for dynamically scheduled DL transmissions) is implicitly derived by the UE from the DL CCE index. Many proposals exist for such an implicit mapping between UL ACK/NAK channels and DL CCE indices, e.g. [5] – [9]. A commonality among these proposals is that it is possible or inevitable that a UE may get multiple ACK/NAK channels based on its CCE allocation on PDCCH.  
In 3GPP RAN1-51b, it is decided to support simultaneous transmission of ACK/NAK and SRI in uplink from a single UE. Several such proposals exist, e.g. [1] – [4]. A common feature of these proposals is that the resource used for ACK/NAK transmission depends on SRI. Proposals in [2] – [4] achieves such simultaneous transmission of ACK/NAK and SRI at the expense of either reduced SRI or ACK/NAK multiplexing capacity. On the other hand, the proposal in [1] makes profit of existing (probably multiple) ACK/NAK resources to enable simultaneous ACK/NAK and SRI transmission. This contribution is an update of [1].
2. Proposed Method
2.1. 1 ACK/NAK Bit with SRI

In this case, there are a total of two control signaling bits to transmit. Table 1 below shows the transmission scheme for 1 ACK/NAK bit with SRI, depending on the number of available ACK/NAK channels.

Table 1: 1 ACK/NAK Bit with SRI

	(A/N, SRI)
	1 ACK/NAK Channel
	2 or More ACK/NAK Channels

	
	
	ACK/NAK Channel 1
	ACK/NAK Channel 2

	
	RS
	Data
	RS
	Data
	RS
	Data

	(ACK, SRI-OFF)
	1
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	(NAK, SRI-OFF)
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	(ACK, SRI-ON)
	1
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	(NAK, SRI-ON)
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If there is only one ACK/NAK channel available, higher order modulation (QPSK) is adopted for simultaneous transmission of 1 ACK/NAK bit and 1 SRI bit. Note this principle applies to simultaneous transmission of persistent ACK/NAK and SRI as well, assuming single codeword for persistent DL transmissions.

In case there are multiple ACK/NAK channels at the UE’s disposal, the UE utilizes two ACK/NAK channels (e.g. the ACK/NAK channels implicitly assigned to the UE with the two lowest ACK/NAK channel indices) for simultaneous transmission of ACK/NAK and SRI. In detail, the SRI bit is to select the ACK/NAK channel, on which the ACK/NAK bit is transmitted by BPSK modulation.
2.2. 2 ACK/NAK Bits with SRI
In case of 2 ACK/NAK bits corresponding to DL SU-MIMO transmission, a UE needs to transmit up to three control signaling bits, accounting the additional simultaneous SRI bit. Table 2 below shows the proposed transmission scheme.
In case the UE has only one ACK/NAK channel, it can resort to high modulation (8PSK), for the transmission of three control signaling bits. On the other hand, if a UE has more than two ACK/NAK channels, the UE can use the SRI bit to select an ACK/NAK channel, on which the ACK/NAK bits are transmitted by QPSK.
Table 2: 2 ACK/NAK Bit with SRI

	(A/N 1, A/N 2, SRI)
	1 ACK/NAK Channel
	2 or More ACK/NAK Channels

	
	
	ACK/NAK Channel 1
	ACK/NAK Channel 2

	
	RS
	Data
	RS
	Data
	RS
	Data

	(ACK, ACK, SRI-OFF)
	1
	j
	1
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	(NAK, ACK, SRI-OFF)
	1
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	(ACK, NAK, SRI-OFF)
	1
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	(NAK, NAK, SRI-OFF)
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	(ACK, ACK, SRI-ON)
	1
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	(NAK, ACK, SRI-ON)
	1
	1
	0
	0
	1
	
[image: image13.wmf]2

/

2

2

/

2

j

-



	(ACK, NAK, SRI-ON)
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	(NAK, NAK, SRI-ON)
	1
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Note that transmitting three control signaling bits with 8PSK on one ACK/NAK channel is not preferable, as its detection performance is considerably worse than BPSK or QPSK, as shown in [1]. Thus, it is recommended that if a UE is scheduled with two codewords in DL transmission, whose UL ACK/NAK response may collide with SRI, NodeB ensures that the UE can implicitly get two or more ACK/NAK channels by assigning multiple CCEs on PDCCH to the corresponding UE. Moreover, for UEs operating at SU-MIMO, its DL grant size is larger than the UEs scheduled with a single codeword. Thus, it is typical that the SU-MIMO UEs require multiple CCEs for its DL grant on PDCCH [10].
3. Simulation Results
Table 3 lists the link level simulation assumptions. Table 4 shows the number of required ACK/NAK channels and the associated modulation schemes for ACK/NAK transmission with and without SRI. Note the configurations in Table 4 are used in the simulations shown in this Section. 
Table 3: 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 

	UE Velocity
	3 km/h or 350 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Timing Offset
	Ideal

	Near-Far
	None


Table 4: Number of ACK/NAK Channels and Modulations for ACK/NAK with/without SRI

	
	1 ACK/NAK Bit
	2 ACK/NAK Bits

	
	w/o SRI
	w SRI
	w/o SRI
	w SRI

	# of ACK/NAK Channels
	1
	1
	1
	2

	Modulation
	BPSK
	QPSK
	QPSK
	QPSK + Channel Selection
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Figure 1: BER of ACK/NAK with/without SRI, without ACK/NAK DTX Detection
Figure 1 shows the BER of ACK/NAK with and without SRI, in which ACK/NAK DTX detection is not implemented. Both low speed and high speed scenarios are included. Note for 2 ACK/NAK bits, the average BER with SRI (i.e. BER for 3 bits including 2 ACK/NAK bits and 1 SRI bit) is slightly smaller than the case without SRI. This is because the SRI bit is much more reliably detected, which reduces the average BER of ACK/NAK and SRI.
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Figure 2: BER of ACK/NAK with/without SRI, with ACK/NAK DTX Detection
Figure 2 shows the BER of ACK/NAK with and without SRI, where ACK/NAK DTX detection is implemented. Both low speed and high speed scenarios are included. The ACK/NAK DTX threshold is set such that 1% DTX false alarm probability (Pf) is achieved. The DTX false alarm includes the error events of (DTX ( ACK) and (DTX ( NAK). The ACK/NAK and SRI detection probability (Pd) refers to miss detection probability, which includes, e.g., the error events of (ACK ( NAK) and (ACK ( DTX) if ACK is transmitted.
Overall, it is verified that the sufficient ACK/NAK and SRI detection performance is achieved with the proposed simultaneous ACK/NAK and SRI transmission scheme. Note for 1 ACK/NAK bit with SRI, it is assumed in this Section that only 1 ACK/NAK channel is used. In case two ACK/NAK channels are available, the ACK/NAK and SRI detection performance can be further improved, as shown in [1].

4. Conclusions
In this contribution, we propose a method for simultaneous transmission of ACK/NAK and SRI. In summary, we propose that:

· 1 dynamic ACK/NAK bit with SRI

· 1 implicitly derived ACK/NAK channel: QPSK for ACK/NAK and SRI transmission.

· 2 (or more) implicitly derived ACK/NAK channels: SRI based ACK/NAK channel selection and BPSK for ACK/NAK transmission.

· 2 dynamic ACK/NAK bits with SRI

· 2 (or more) implicitly derived ACK/NAK channels: SRI based ACK/NAK channel selection and QPSK for ACK/NAK transmission.

· NodeB ensures that UE with 2 ACK/NAK bits and SRI gets at least two UL ACK/NAK channels. 

· 1 persistent ACK/NAK bit with SRI

· Transmit 1-bit ACK/NAK and 1-bit SRI by QPSK on the persistent ACK/NAK channel.

The proposed method has the following properties:

· It does not reduce the multiplexing capacity of regular ACK/NAK and SRI.

· It does not affect the SRI multiplex, thus avoids the need for dynamic SRI re-allocation

· It does not introduce additional modulation scheme such as 8PSK.

· It provides sufficient detection performance as shown by simulations.

Therefore, we recommend that the proposed method is adopted for simultaneous transmission of ACK/NAK and SRI in 3GPP LTE UL.
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