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1. Summary

In RAN1#62, it was agreed that standard based transmit diversity (TxD) is supported for PUCCH Format 2/2a/2b, with Alt2 space orthogonal resource transmit diversity (SORTD) as the baseline assumption [1]. In [2], we discussed the HARQ-ACK performance differentiation issue and provided a solution that achieves an improved matching of CQI and ACK/NACK (A/N) performance to their differing targets, with minimal changes to the Rel-8 specification.

In this contribution, we provide a text proposal for PUCCH TxD with Format 2a/2b. In the appendix, we provide technical reasons to support the text proposal. We further justify the need of enhanced performance on HARQ-ACK, esp. from the PUCCH ranging perspective. Moreover, we provide new simulation results for different PUCCH formats under more realistic channel models. 
2. Text proposal for TxD with Format 2a/2b

(All changes over current TS 36.211 [3] specification are highlighted in the text proposal.)

Begin text proposal
5.4.2
PUCCH formats 2, 2a and 2b
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 shall be scrambled with a UE-specific scrambling sequence, resulting in a block of scrambled bits 
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe where 
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The block of scrambled bits 
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 shall be QPSK modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols 
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The block of complex-valued symbol of antenna port p 
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 shall be multiplied with a cyclically shifted length 
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  for each of the antenna ports used for PUCCH transmission according to
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 is defined by section 5.5.1 with
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Resources used for transmission of PUCCH formats 2/2a/2b on antenna port 
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For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) 
[image: image36.wmf])

1

(

),...,

20

(

bit

-

M

b

b

 shall be modulated as described in Table 5.4.2-1 resulting in a single modulation symbol 
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 used in the generation of the reference-signal for PUCCH format 2a and 2b as described in Section 5.5.2.2.1. 

Table 5.4.2-1: Modulation symbol 
[image: image38.wmf])

10

(

d

 for PUCCH formats 2a and 2b.

	PUCCH format
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	2a
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For TxD with PUCCH Format 2, the same block of complex-valued modulation symbols are transmitted on each antenna port p, thus 
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For TxD with PUCCH Formats 2a and 2b with two antenna transmissions, the block of complex-valued modulation symbols on the first antenna port p=0 is given by 
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. The block of complex-valued modulation symbols on the second antenna port p=1 
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shall be obtained by symbol by symbol multiplying of 
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, n=0,1,…9. The phase shift sequences 
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 are given in Table 5.4.2-2. 

For TxD with PUCCH Formats 2a and 2b with more than two, e.g. four, antenna transmissions, two virtual antenna ports should be formed. The block of complex-valued modulation symbols on the first virtual antenna port p=0 is given by 
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. The complex-valued modulation symbols on the second virtual antenna port p=1 
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Table 5.4.2-2: Phase shift patterns on antenna port p=1for PUCCH Format 2a/2b 
	PUCCH format
	HARQ-ACK bits
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	Phase shift sequence
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	2a
	0
	1  1  1  1  1 1  1  1 1  1

	
	1
	-1 -1 -1 -1 -1 -1 -1 -1 -1 -1

	2b
	00
	1  1  1  1  1 1  1  1 1  1

	
	01
	1 -1 -1 1 -1 1 -1 -1 1 -1

	
	10
	-1 1 -1 -1 1 -1 1 -1 -1 1

	
	11
	-1 -1 1 -1 -1 -1 -1 1 -1 -1


End text proposal
3. Conclusions

We propose that RAN1 consider A/N differentiation for LTE-A PUCCH Format 2a and 2b TxD, and we provide a text proposal for the simple modification in the Section 2. 

The PUCCH Format 2a/2b SORTD TxD with A/N differentiation for LTE-A has full backward compatibility with LTE single antenna transmission. It uses a simple A/N controlled phase shift on the second antenna, thus, introduces another layer of coding for A/N bits with SORTD TxD. The SORTD with A/N differentiation method becomes the same as SORTD when there is no simultaneous A/N transmission.

The proposed method 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. Furthermore, the SORTD with A/N differentiation increases the PUCCH range significantly over SORTD with simple repetition and single antenna transmission.
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Appendix A: Need for A/N differentiation with SORTD TxD
A.1. Need for additional performance for Format 2a/2b, consistent with SORTD transmission

In Chapter 18 of [6] a review of the uplink link budget for Release 8 is given which is compiled  from a variety of  contributions made to RAN1 regarding the evaluation of LTE.  Relevant contributions from which the material in [6] is drawn include [7] (which in turn references [8] whose results agree with those obtained in[2]).  Although [7] does not include the Format 2a/2b case for the PUCCH, it is easy to extrapolate from the results in [2] and [6]  that if the presence of A/N bits in Release 8 reduces the coverage range of Format 2b A/N with 5 bit CQI down to that below the 10 bit CQI level of Format 2 (and of course the AN + 10 bit CQI case is an even more serious challenge).  It is perhaps for this reason that Format 2a/2b evaluations are not given in the references related to [6].  

In various contributions from the Release 8 specification period (e.g., [9]) the need for PUCCH ACK/NACK repetition to bring down the rate of missed pickets is stressed.  As multiple CC transmission will bring further burdens on the PUCCH capacity (including increased multiple access interference) it is essential for PUCCH TxD modes, when specified to use the channel as efficiently as possible. Thus, in order for Formats 2a/2b to be brought to the coverage levels of Format 2 (at the very least)
, it is essential that some form of improvement above Release 8 be achieved.

In [2], Sharp demonstrated that for simultaneous CQI/PMI/RI and HARQ-ACK reporting on PUCCH, HARQ-ACK performance differentiation can be achieved with minimal change to Release 8 formats. The proposed method is the same as SORTD when there is no HARQ-ACK to be simultaneously reported with CQI. When HARQ-ACK is reported together with CQI, the proposed method transmitted a HARQ-ACK modified version of CQI/PMI/RI, thus it is a slightly modified version of SORTD with better matching of CQI/PMI/RI and HARQ-ACK performance differentiation. 

RAN1#62 agreed that SORTD was agreed as a baseline assumption for Formats 2/2a/2b [1], although the baseline could be “be revisited if issues are identified.” Although the issue of range coverage is an important issue that needs to be address, the baseline assumption of SORTD can be maintained while still ameliorating this problem, since the scheme proposed in [2] is, in fact, an SORTD scheme. Thus there is no need to alter the current baseline, but the details of its specification should be as the text proposal in the Appendix B.

A.2. PUCCH Format 2/2a/2b with HARQ-ACK reporting and ranging issue
In RAN1#62, it was agreed that standard based TxD is supported for Format 2/2a/2b, with Alt2 SORTD as the baseline assumption. SORTD uses a simple repetition of the Release-8 PUCCH scheme on two resources. For only periodic CQI/PMI/RI reporting with PUCCH, SORTD provides the best performance. 

However, in case of collision between a periodic CQI/PMI/RI and an HARQ-ACK in a same subframe without PUSCH, the CQI/PMI/RI is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE. 

· Format 2 for a CQI/PMI/RI report multiplexed with HARQ-ACK for extended CP
· Format 2a for a CQI/PMI/RI report multiplexed with 1-bit HARQ-ACK for normal CP
· Format 2b for a CQI/PMI/RI report multiplexed with 2-bit HARQ-ACK for normal CP
The multiplexing of HARQ-ACK will cause some performance degradation on CQI/PMI/RI. The HARQ-ACK requires better protection than CQI/PMI/RI. According to [4], CQI has a target block error rate (BLER) of 10-2. HARQ-ACK requires better protection with BER target of NACK to ACK error of 10-3-10-4 while ACK to NACK miss detection has a target BER of 10-2 [4]. Since ACK and NACK bits are treated equally in Format 2/2a/2b, the NACK to ACK and ACK to NACK performance are also the same. 

The range of a PUCCH transmission should be defined as the range that provides satisfactory performance on all carried uplink control information (UCI), such as CQI/PMI/RI and HARQ-ACK.

Therefore, for PUCCH transmission with periodic CQI/PMI/RI only, the range is decided by the CQI. For PUCCH transmission of simultaneous CQI/PMI/RI and HARQ-ACK reporting, the range is limited by the smaller range of CQI/PMI/RI at block error rate (BLER) of 10-2 and HARQ-ACK at bit error rate (BER) of 10-3. In most cases, it is decided by the HARQ-ACK. In [2], Sharp also demonstrated that SORTD provides more performance gain on the CQI/PMI/RI than the HARQ-ACK carrier on the reference symbols. Therefore, the ranging issue is exaggerated instead of alleviated with SORTD. 

A.3. PUCCH range comparison with TxD

The PUCCH range is decided by the maximum CQI/PMI/RI and A/N payload size such that the error rate requirements for both are simultaneously  met. We evaluated the ranges with different TxD approaches against a Release-8/9 PUCCH. A simplified path loss model can be generalized as PL = a*log10(d) + b + 20log10(fc) , where a and b are path loss parameters for different path loss models such as LOS and NLOS, indoor and outdoor, urban micro and urban macro etc. In particular the urban micro model has cofficients a which vary between 22 and 40.  When the range d is normalized, the last two terms are canceled. 

Using the channel models and path loss formulas in [5], and  normalizing the PUCCH format 2b range with single antenna transmission to unity, we provide the normalized range comparison to achieve 0.01 CQI BLER and 0.001 A/N BER. Based on the simulation results in Appendix A, Figure 1 shows examples of the range comparison for 11 bits of CQI and 2 bits of A/N with Format 2b. For path loss model with coefficient of 22, SORTD and SORTD with A/N differentiation increase the range by 17% and 23% respectively. For path loss model 1 with coefficient of 40, SORTD and SORTD with A/N differentiation increase the range between 9% and 12% respectively.

[image: image67.emf]a=22

a=40

0.8 1 1.2

Path loss model

Normalized PUCCH range

 

 

SIMO

SORTD

SORTD with A/N differentiation


Figure 1. Normalized PUCCH range comparison for Format 2b with 11 bits of CQI

Therefore, the SORTD with A/N differentiation not only provides better matching of CQI/PMI/RI and HARQ-ACK performance requirement, but also significantly increase the range of the PUCCH signal. 

Appendix B: Simulation results for Format 2a/2b 

In addition to reviewing the simulation results previously provided [2], we provide new simulation results for Format 2a/2b separately. The simulation parameters are summarized in Table II. 
Figure 2 shows the new simulation results with 11 bits of CQI/PMI/RI and 2 bits of HARQ-ACK. SORTD with simple repetition achieves a 2 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 a loss at 0.01 BER for A/N with SORTD compared with SIMO, and only 0.9 dB performance gain on A/N at 0.001 BER. 
Table II. Simulation settings

	Frequency
	2.0 GHz
	Bandwidth
	5 MHz

	FFT size
	2048
	Channel model
	Typical urban 6 fading paths

	PUCCH format
	2a/2b
	UE speed
	3 km/h

	CQI payload
	4 and 11 bits
	ACK/NACK bits
	1 or 2 bits

	Sampling rate
	2x oversampling 
	Detection method
	MMSE

	Channel estimation
	Realistic based on demodulation reference symbol
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Figure 2. Simulation results for Format 2b with maximum CQI payload of 11 bits

The SORTD with A/N differentiation scheme achieves 1-1.2 dB gain for A/N over SORTD at all BER ranges while maintaining the CQI performance of SORTD with repetition with negligible degradation. The required SNR to simultaneously satisfy 1% FER for CQI/PMI/RI and 0.1% BER for A/N is given in Table III. With the maximum CQI payload size of 11, Table III shows that to achieve 1% BLER for CQI and 1% BER for A/N, the required SNR is 2dB less with SORTD compared with SIMO. The SORTD with A/N differentiation has the same performance on CQI with a much lower BER on A/N. Moreover, if the target is 1% BLER for CQI and 0.1% BER for A/N, the required SNR for SORTD is -0.75 dB, i.e. 1.5 dB less compared with SIMO. The SORTD with A/N differentiation requires the same -1.25 dB, thus has 2 dB and 0.5 dB gain compared with SIMO and SORTD. The range comparison in Appendix A is calculated based on these results.

Table III. Comparison of BLER for CQI and BER for A/N with 11-bit CQI
	
	SIMO
	SORTD
	SORTD with A/N differentiation

	SNR required to meet 0.01 CQI BLER and 0.01 A/N BER targets
	0.75dB
	-1.25 dB
	-1.25 dB

	CQI BLER at this SNR
	1%
	1%
	1%

	A/N BER at this SNR
	0.06%
	0.2%
	0.04%

	
	
	
	

	SNR required to meet 0.01 CQI BLER and 0.001 A/N BER targets 
	0.75dB
	-0.75 dB
	-1.25 dB

	CQI BLER at this SNR
	1%
	0.6%
	1%

	A/N BER at this SNR
	0.06%
	0.1%
	0.04%


In Figure 3, we provide the simulation results for Format 1a with maximum CQI payload size of 11 bits. It also show the SORTD with A/N differentiation maintains the same performance on CQI and brings 0.4dB gain on A/N with a very simple symbol flipping on the second PUCCH transmission when an ACK bit is transmitted.
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Figure 3. Simulation results for Format 2a with maximum CQI payload of 11 bits

For Format 2a/2b with SIMO or SORTD, when the CQI payload is smaller, the CQI performance increases compared with the maximum CQI payload of 11 bits, but A/N performance remains the same since the A/N is carried. Thus, the CQI performance may be much better than the A/N performance although the desired protection is the opposite. In most cases, the performance of A/N establishes the minimum required SNR to simultaneously satisfy the CQI and A/N targets. Therefore, the SORTD with A/N differentiation brings down the required SNR, thus increases the PUCCH range accordingly. Furthermore, the SORTD with A/N differentiation provides better protection on A/N than CQI, thus it allows a better match of the A/N and CQI performances to their differing targets.
As examples, Figure 4 shows the simulation results with 4 bits of CQI for Format 2b. With 2 bits of A/N in Figure 4, the CQI is unnecessary better protected than A/N with SIMO and SORTD. And the SORTD brings more performance gain on CQI than A/N. The SORTD with A/N differentiation brings performance gain on both CQI and A/N, and better protection on A/N than CQI. Table IV clearly shows that the SORTD with A/N differentiation has at least 0.5-0.8 dB gain to simultaneously achieve the required CQI and A/N performance targets. 
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Figure 4. Simulation results for Format 2b with CQI payload of 4 bits

Table IV. Comparison of BLER for CQI and BER for A/N with 4-bit CQI on Format 2b

	
	SIMO
	SORTD
	SORTD with A/N differentiation

	SNR required to meet 0.01 CQI BLER and 0.01 A/N BER targets
	-2.8 dB
	-3.2 dB
	-3.75 dB

	CQI BLER at this SNR
	0.25%
	0.2%
	1%

	A/N BER at this SNR
	1%
	1%
	0.7%

	
	
	
	

	SNR required to meet 0.01 CQI BLER and 0.001 A/N BER targets
	0.1 dB
	-1 dB
	-1.8 dB

	CQI BLER at this SNR
	<0.01%
	<0.01%
	0.2%

	A/N BER at this SNR
	0.1%
	0.1%
	0.1%


Similar trends can be observed in Figure 5 for 1 bit of A/N and 4 bits of CQI/PMI/RI with Format 1a. At 0.01 BLER for CQI, SIMO and SORTD provide marginal protection on A/N with 0.1 BER. SORTD with A/N differentiation gives 1dB better performance on the A/N. Considering simultaneously satisfy 0.001 BER for A/N and 0.01 BLER for CQI, the required SNRs for SIMO, SORTD, and SORTD with A/N differentiation are -1.6 dB, -3.05 dB and -3.25 dB respectively. 

Thus, the SORTD with A/N differentiation can achieve performance gain in all CQI payload sizes with a better match to the specified target error rates for A/N and other control messages.
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Figure 5. Simulation results for Format 2a with CQI payload of 4 bits








































� This assumes that TxD dual antenna port power limits are identical to the limits of a single antenna port. 
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