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1. Summary

This is an updated contribution of R1-101378 from RAN1 #60. In RAN1#59bis, Release 8 payload size for Uplink Transmit Diversity (TxD) for Formats 2/2a/2b was given priority for specification over larger payloads. In this submission Sharp presents a proposal for this format that achieves an improved matching of CQI and ACK/NACK performance to their differing targets, with minimal changes to the Rel-8 specification.

2. Introduction
For Rel-10 PUCCH Format 2/2a/2b, use of simple repetition on two resources is an obvious extension of the Release-8 scheme

In [2], Sharp demonstrated that for PUCCH transmission, ACK/NACK performance differentiation compared to CQI performance is highly desirable. Previous proposals on this issue have not yet emphasized the relative higher importance of A/N performance compared to other control information (e.g., [3]–[6]). We propose a simple modification of the Release 8 Single Antenna Port Mode format that combines simple repetition and backward-compatible coding, while enhancing A/N performance compared to other control information bits. We show some preliminary simulation results that bears out the performance differences expected.   

The next section gives an overview of the proposed enhancement and modification, which is followed by simulation results and conclusions.  The details of the scheme are in the Annex.

3. Differentiation of A/N Performance compared to CQI 

Release 8 control information – A/N, RI, PMI and CQI – is jointly coded using a Reed-Muller Code ([10]) with Formats 2, and is coded independently with format 2a/2b. The result of this coding is that the desired performance separation of A/N compared to CQI is traded off for simplicity.  However, for PUCCH TxD, it is possible to have a minimal increase in complexity yet still achieve this differentiation.

This performance differentiation of A/N compared to CQI is very important. (A/N should be more reliable than CQI. CQI has a target block error rate (BLER) of 10-2.   On the other hand, the metric of importance for A/N is bit error rate (BER). Furthermore, NACK to ACK requires better protection with BER target of 10-3-10-4 while ACK to NACK miss detection has a target BER of 10-2 [12]. Since ACK and NACK bits are treated equally, the NACK to ACK and ACK to NACK performance are also the same. Therefore, all A/N bits should satisfy the higher protection requirement set by the NACK to ACK error probability requirement.) 
By employing a phase shift pattern on a predetermined set of QPSK symbols on one antenna, it is possible to achieve the performance differentiation specified in [12].  Details of the scheme are given in the Annex.  Key features are:

· Achieve the desired performance differentiation while minimizing the changes to the Rel-8 methods.

· For Formats 2/2a/2b, a minimal amount of PUCCH channel resources compared to Release-8 can be diverted to A/N, thus maintaining Rel-8 backward compatibility.

· Because we re-use existing Rel-8 formats with only a slight change, we have verified with simulations that the cubic metric of the proposed SORTD with A/N differentiation is the same as SORTD with repetition.  
4. Simulation/Technical Results

 In this section we present simulation results for 10 bit and 5 bit CQI, respectively, with 2 bits of A/N.  The simulation parameters are summarized in Table I below. 

Table I. Simulation settings

	Frequency
	2.0 GHz
	Bandwidth
	5 MHz

	FFT size
	2048
	Channel model
	tu6

	PUCCH format
	2b
	UE speed
	3 km/h

	CQI payload
	5 and 10 bits
	ACK/NACK bits
	2

	Sampling rate
	2x oversampling 
	Detection method
	MMSE

	Channel estimation
	Realistic based on demodulation reference symbol


Table II and Figure 1 present the simulation results for PUCCH Format 2b with 10 bit CQI payload and 2-bit A/N, and Figure 2 and Table III present the simulation results for PUCCH Format 2b with 5 bit CQI payload and 2-bit A/N. 

The results in Table II and Figure 1 for 10 bit CQI payload show that for all 3 cases (SIMO, SORTD and SORTD with enhanced A/N) the performance of CQI establishes the Minimum required SNR. SORTD with repetition achieves a 0.8 dB gain over SIMO for CQI at 0.01 BLER, which shows the benefits of TxD. However, SORTD does not show similar gain for the A/N bits in Format 2a/2b. In fact, there is almost no gain, and in fact a loss, at 0.01 BER, for A/N with SORTD compared with SIMO. The proposed enhanced A/N scheme achieves a 1 dB gain for A/N over simple SORTD at 0.01 BER, while maintaining the CQI performance of SORTD with repetition with negligible degradation. Thus, this method, to enhance the A/N performance with SORTD, while essentially maintaining the performance of CQI bits, is highly recommended, as it allows a better match of the A/N and CQI performances to their differing targets. 

Table II. Comparison of BLER for CQI and BER for A/N with 10-bit CQI
	
	SIMO
	SORTD
	SORTD with enhanced A/N

	Minimum SNR required to meet both CQI and A/N targets 0.01 BLER/BER
	-0.5 dB
	-1.35 dB
	-1.26 dB

	CQI BLER at this SNR
	1%
	1%
	1%

	A/N BER at this SNR
	0.25% 
	0.4%
	0.12% 
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Figure 1. Simulation results with format 2b, 10-bit CQI and 2-bit A/N
Table III and Figure 2 give the simulation results for format 2b with 5 bits CQI payload and 2-bit A/N. For SIMO and SORTD the performance of A/N establishes the Minimum required SNR, and for SORTD with enhanced A/N the performance of CQI establishes the Minimum required SNR. The SORTD actually requires slighter higher Minimum SNR than SIMO to satisfy both CQI and A/N targets, because A/N performance degrades at 0.01 BLER with SORTD. Similar to the 10-bit CQI results, the proposed enhanced A/N scheme achieves a 0.8 dB gain over simple SORTD at 0.01 BER.  Further, it requires slightly lower SNR with the enhanced A/N scheme than SORTD to satisfy the Minimum required SNR at 0.01 A/N BER and CQI BLER. Moreover, in SORTD, the A/N performance with repetition is worse than CQI performance.  With the enhanced A/N method, better performance is achieved for A/N than for CQI, thus the A/N information with more stringent targets gets better protection, as shown in Table IV. Therefore, the proposed method has a better match to the specified target error rates for A/N and other control messages.
Table III. Comparison of BLER for CQI and BER for A/N with 5-bit CQI

	
	SIMO
	SORTD
	SORTD with enhanced A/N

	Minimum SNR required to meet both CQI and A/N targets 0.01 BLER/BER
	-2.52 dB
	-2.36 dB
	-2.685 dB

	CQI BLER at this SNR
	0.62%
	0.28%
	1%

	A/N BER at this SNR
	1%
	1%
	0.56%


At a Target A/N BER of 0.001, we expect that in all cases, the minimum required SNRs will be decided by the A/N performance. To achieve 0.001 A/N BER, the required SNRs are approximately 0.5 dB (projected), 0 dB and -1.1 dB for SIMO, SORTD with repetition and SORTD with enhanced A/N respectively. Therefore, the proposed method results in 1.6 dB and 1.1 dB gain over SIMO and SORT with repetition respectively, to better satisfy the desired CQI and A/N performance specifications defined in [12].
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Figure 2. Simulation results with format 2b, 5-bit CQI and 2-bit A/N
The results above show consistent performance gain on A/N with the proposed method. Furthermore, even with Release-8 payload sizes, the impact on CQI decreases with the increase of CQI payload size, and becomes negligible for large payload sizes. With carrier aggregation and PUCCH TxD, larger payload sizes may be necessary, and the proposed method and similar concept can be extended to payloads beyond Release-8 sizes.
5. Conclusions

We propose an enhanced PUCCH Format 2, 2a and 2b TxD scheme for LTE-A that has full backward compatibility with LTE single antenna transmission.  The method is very simple with an A/N controlled phase shift on the second antenna, thus, another layer of coding for A/N bits is added with TxD. 

The enhanced scheme differentiates A/N performance compared to that of other control information and allows both A/N and other information (e.g. CQI) to better match their different targets. The improved performance of A/N reduces the A/N BER, thus prevents packet loss due to missed detection of NACK to ACK, and reduces unnecessary retransmission due to missed detection of ACK to NACK. 

We propose that RAN1 consider this scheme for LTE-A PUCCH Format 2, 2a and 2b TxD.
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7. Annex: PUCCH TxD Scheme for 2/2a/2b with A/N performance differentiation

In this section we give details of the proposed TxD scheme.  This method applies to format 2/2a/2b for both normal and extended CP. 

When two antennas are used, the first antenna transmits the coded control bits the same way as in Release-8. On the second antenna, a phase shift version of the coded control bits is transmitted, as shown in Figure 3. The phase shift pattern is decided by the A/N bits, a phase shift pattern set example is given in Table IV. Therefore, the transmitted signal on the 1st antenna (1st PUCCH resource) is the same as release 8, which ensures backward compatibility and seamless fall-back to one power amplifier mode. The second transmitted signal is a variation of the 1st transmission which contains both the release 8 control bits and extra A/N information.

Table IV. Phase shift pattern example on the 2nd antenna for PUCCH Format 2/2a/2b

	PUCCH format
	ACK/NACK bits 
	Phase shift pattern on QPSK symbols over the 2nd antenna 

	2/2a/2b
	0
	0 0 0 0 0 0 0 0 0 0

	
	1
	( ( 0 ( ( ( ( 0 ( (

	
	00
	0 0 0 0 0 0 0 0 0 0

	
	01
	0 ( ( 0 ( 0 ( ( 0 (

	
	10
	( 0 ( ( 0 ( 0 ( ( 0

	
	11
	( ( 0 ( ( ( ( 0 ( (
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Figure 3. PUCCH TxD with enhanced A/N
If the pattern is viewed as a code for the A/N, the symbols on the second antenna becomes an additional signaling of A/N. The reference symbols are kept the same as in R-8. Thus, for format 2a/2b, the same A/N coded symbols are transmitted with reference symbols on the second antenna without phase shift. When 4x Tx are used, four antenna can form into two virtual antennas and apply the same scheme on the virtual antennas.

This pattern introduces extra coding gain and is robust to noise added at reference signals by trying to near-evenly distribute in-phase and inverse symbols.

At the receiver, i.e. the eNB, two copies of A/N can be recovered. One copy may be obtained from the standard format 2/2a/2b coding, the other may be obtained from the phase shift comparison of the received symbol sequences on different antennas. Better performance can be observed by combining two A/N copies to achieve a more reliable A/N detection. The phase shift can be removed after the decision from the combined estimation of A/N bits, thus the diversity gain for other control info maintains largely the same as repetition on the second antenna.

Using format 2b and two antennas as an example, the A/N is mapped onto RSs, with a 2-bit A/N feedback and normal CP. The A/N is differential coded on two RSs in each slot, equivalent to a 2x DQPSK repetition on each antenna, thus approximately 4x DQPSK repetition with 2 antennas. The A/N from the phase shift pattern estimation of the two symbol sequences is applied with an extra level of differential decoding with longer sequences. Combined with the format 2b transmission on two antennas, it can bring 1 dB gain over the simple repetition SORTD TxD method.   

For other information bits, when the A/N is received correctly, full TxD gain is maintained as SORTD with simple repetition. If A/N is in error, there is no diversity gain for other control information. 

For larger control payload sizes (>8 bits), where the A/N performance is already better than other control with single antenna or SORTD with repetition, the required SNR to satisfy both is limited by the CQI. Since the proposed TxD scheme achieves significantly better BER performance for A/N, the error residue to the control message from missed A/N detection is negligible. Thus, with the proposed method, no SNR increase is required, and gain on A/N performance can be achieved at the same time. 

For smaller control payload sizes (<8 bits), the required SNR to satisfy both is limited by the A/N. SORTD does not provide comparable performance gain on A/N as CQI. Thus, the CQI receives unnecessary protection with no benefit on A/N. The proposed TxD scheme achieves significantly better BER performance for A/N, thus it requires the same or smaller SNR to get satisfactory control message performance and better A/N performance. Therefore, it better matches the specified target error rates for A/N and other control messages.
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