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1. Introduction

This contribution discusses simultaneous ACK/NAK transmission with CQI in uplink, assuming the CQI size is known at NodeB. In other words, it is assumed that Rank transmission is separate from CQI and the Rank information is always correctly received by NodeB.

Table 1 lists the number of CQI bits and ACK/NAK bits. Table 2 lists the coding scheme for CQI. Reed-Muller (RM) code [1] is assumed in this document. Table 3 lists other parameters of link level simulations.

Table 1: Number of CQI, Rank, and ACK/NAK Bits

	
	2-Tx Antennas
	4-Tx Antennas

	
	Short CQI
	Rank = 1
	Rank = 2
	Rank = 1
	Rank >1

	Number of CQI Bits
	4
	8
	10
	9
	12

	Number of A/N Bits
	1
	2


Table 2: CQI Coding Schemes
	
	ACK/NAK in CQI RS
	Joint ACK/NAK and CQI

	Short CQI
	RM(4, 20)
	RM(5, 20)

	1 Rank Bit
	Rank = 1
	RM (8, 20)
	RM (9, 20)

	
	Rank = 2
	RM (10, 20)
	RM (11, 20)

	2 Rank Bits
	Rank = 1
	RM (9, 20)
	RM (11, 20)

	
	Rank > 1
	RM (12, 20)
	RM (14, 20)


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

	UE Velocity
	3 km/h or 350 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2 for 1 Rank Bit; 4 for 2 Rank bits

	Number of Transmit Antennas
	1

	Frame Structure
	Short CP


2. Separate and Joint ACK/NAK and CQI Transmission

2.1. ACK/NAK in CQI Reference Signal
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Figure 1: Separate ACK/NAK and CQI Transmission: ACK/NAK in CQI RS

Figure 1 shows a separate ACK/NAK and CQI transmission scheme where the ACK/NAK bits (or BPSK/QPSK symbol) are embedded in one of the CQI reference signals. 

2.2. Joint ACK/NAK and CQI Transmission

[image: image2.emf]Slot 0

Slot 1

time

CQI RS

CQI and ACK/NAK


Figure 2: Joint ACK/NAK and CQI Transmission
Figure 2 shows the joint ACK/NAK and CQI transmission scheme, where the ACK/NAK bits and the CQI bits are jointed coded. No information is embedded in any of the CQI reference signals. 
3. Receiver Structure of Separate ACK/NAK and CQI Transmission

3.1. Low Speed

In low to medium speed environment, the receiver (NodeB) can decode the ACK/NAK bits first by using the CQI reference signals. The decoded ACK/NAK bits can be used to further improve the channel estimation for CQI demodulation. Figure 3 shows the block diagram of ACK/NAK and CQI decoding when ACK/NAK is embedded in one of the CQI reference signals.

The “Demodulation” block processes the received signal to obtain the CQI reference signals (RS) and CQI data OFDM symbols. Some of the CQI RS carry the ACK/NAK symbol (BPSK or QPSK). The ACK/NAK bits are decoded using the ACK/NAK modulated CQI RS and un-modulated CQI RS, which provides channel estimate for coherent decoding of the ACK/NAK bits. The decoded ACK/NAK bits are re-encoded or re-mapped to BPSK or QPSK symbol, which is used to demodulate the ACK/NAK CQI RS. After that, all available CQI RS (including the un-modulated CQI RS and the demodulated CQI RS which originally carry ACK/NAK) is used to provide channel estimates for all CQI data symbols. The received CQI data symbols are demodulated with obtained CQI channel estimates, followed by CQI decoding to obtain the CQI information bits.  

[image: image3.emf]Demodulation

Extract CQI

Reference Signals

Decode

ACK/NAK Bits

Map Decoded

ACK/NAK Bits to

ACK/NAK Symbol

Received

signals

Demodulate CQI

RS carrying

ACK/NAK Symbol

Demodulate CQI

Symbols

CQI Decoding

Received CQI

and RS Symbols

Unmodulated CQI

RS and ACK/NAK

Modulated CQI RS

Extract CQI

Symbols

Decoded

ACK/NAK Bits

Re-encoded

ACK/NAK 

Symbol

ACK/NAK 

Demodulated 

CQI RS 

CQI Symbols

Extract 

Unmodulated

CQI RS Symbols

Unmodulated

CQI RS 

Obtain Channel

Estimation

for CQI Symbols

CQI Channel 

Estimates

Demodulated CQI 

Symbols/Bits

Decoded CQI 

Information Bits


Figure 3: ACK/NAK and CQI Decoding for ACK/NAK in CQI RS, Low to Medium Speed Environments

3.2. High Speed
For ACK/NAK in CQI RS in high speed environment, the receiver structure in Figure 3 is still applicable. However, due to channel variations within a slot, the ACK/NAK detection performance suffers from error floors. Consequently, the erroneously decoded ACK/NAK bits may lead to an erroneous channel estimate for CQI, which impacts the CQI performance. In the following, an alternative receiver structure for ACK/NAK in CQI RS is presented for high speed environment.

Figure 4 shows the alternative block diagram of the receiver structure for separate ACK/NAK transmission where ACK/NAK is embedded in CQI RS. The received signal is processed by the “demodulation” block to obtain the CQI RS and CQI data symbols. Blind decoding is performed on the obtained CQI RS and CQI data OFDM symbols, with respect to the possible ACK/NAK bits or symbols. Essentially, the copies of block “Decode ACK/NAK and CQI” represent the blind decoding procedure. Three inputs exist for each block of “Decode ACK/NAK and CQI”:

· CQI RS, which includes the un-modulated CQI RS and the ACK/NAK modulated CQI RS

· CQI data symbols

· Assumed ACK/NAK symbol

Figure 5 shows a possible implementation of the block “Decode ACK/NAK and CQI.” First the ACK/NAK CQI RS is demodulated with the assumed ACK/NAK symbol, to obtain the channel estimates on the ACK/NAK modulated CQI RS. Together with the un-modulated CQI RS, it provides channel estimates for all CQI data symbols. The channel estimates for all CQI data symbols can be obtained by linearly interpolating the channel estimates on the CQI RS. Subsequently, the CQI data symbols are demodulated and decoded. The decoded CQI bits are re-encoded and re-mapped to CQI data symbols. The re-encoded CQI data symbols are compared to the received CQI data symbol to obtain a metric, which shows the confidence of the corresponding blind decoding branch.

The block “ACK/NAK and CQI Metric Comparison” in Figure 4 compares the metric from each blind decoding branch (i.e. the metric produced by each block “Decode ACK/NAK and CQI”), selects the branch with the optimal metric, and outputs the corresponding decoded ACK/NAK bits and CQI bits.

[image: image4.emf]Demodulation

Received

signals

Separate CQI RS

and CQI Symbols

Decode 

ACK/NAK

and CQI

Decode 

ACK/NAK

and CQI

Decode 

ACK/NAK

and CQI

ACK/NAK and CQI

Metric Comparison

Received

CQI RS and

CQI Data

Symbols

CQI RS

CQI Data

Symbols

Possible ACK/NAK

Symbol Sm

Possible ACK/NAK

Symbol S1

Possible 

ACK/NAK

Symbol S2

Possible Decoded

ACK/NAK, CQI, 

and associated Metric

Possible Decoded

ACK/NAK, CQI, 

and associated Metric

Possible Decoded

ACK/NAK, CQI, 

and associated Metric

Decoded

ACK/NAK

and CQI

Information

Bits


Figure 4: ACK/NAK and CQI Decoding for ACK/NAK in CQI RS, High Speed Environments
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Figure 5: Example of “Decode ACK/NAK and CQI” Block in Figure 8
A possible implementation of the block “Metric calculation” in Figure 5 is given in the following. Let

· Qn be the nth received CQI data symbol,

· Hn be the obtained channel estimate for the nth CQI data symbol, and

· Wn be the nth re-encoded CQI data symbol.

Then an example of the metric I is
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where the summation is carried over all N CQI data symbols. 
4. Simulation Results

Figures 6 – 10 show the ACK/NAK BER and CQI BLER for the separate and joint approach, respectively. Both low speed (3 km/h) and high speed (350 km/h) scenarios are studied. The receiver structure in Section 3.1 is applied to low speed, while the receiver structure in Section 3.2 is applied to high speed. 

It is observed that separate ACK/NAK and CQI transmission by embedding ACK/NAK in one of the CQI RS outperforms the joint approach for both ACK/NAK BER and CQI BLER in almost all scenarios.
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Figure 6: 4 CQI Bits with 1 ACK/NAK Bit, 3 km/h (left), 350 km/h (right)
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Figure 7: 8 CQI Bits with 1 ACK/NAK Bit, 3 km/h (left), 350 km/h (right)
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Figure 8: 9 CQI Bits with 2 ACK/NAK Bits, 3 km/h (left), 350 km/h (right)
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Figure 9: 10 CQI Bits with 1 ACK/NAK Bit, 3 km/h (left), 350 km/h (right)
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Figure 10: 12 CQI Bits with 2 ACK/NAK Bits, 3 km/h (left), 350 km/h (right)

5. Conclusions

This document studies the separate ACK/NAK and CQI transmission scheme by embedding ACK/NAK in one of the CQI RS symbols, as well as its corresponding receiver structures. Particularly, the ACK/NAK and CQI performance of the proposed separate scheme is verified in high speed environment. Simulations show that the proposed method outperforms the joint ACK/NAK and CQI approach.
Regarding DTX detection, the method of signaling ACK/NAK in CQI RS carries a default “NAK” upon a DL grant miss, which always results in a re-transmission. Thus, there is no need for DTX detection. In case NodeB detects a NAK, one possible implementation is to ensure that the next requested RV is self-decodable. 
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