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1. Introduction

At RAN WG1 #66, guidelines were concluded on the selection of transmit diversity schemes for PUCCH format 3. These are

· PUCCH overhead as close as possible to single antenna case
· Performance significantly improved compared to single antenna and as close as possible SORTD
· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP

Several candidate schemes have been presented which have the same resource overhead as the single antenna case. An email discussion prior to WG1#66bis concluded [1] that the scenarios to consider for PUCCH Format 3 enhancements is the case of 4 or more A/N bits and potentially also the use of PUCCH format 3 A/N transmission together with CSI which can range between 1 and 11 bits depending on the CSI reporting mode and PUCCH type. In [2], an analysis was made which concluded that a new resource efficient TxD scheme improves capacity and in some scenarios also the coverage of PUCCH Format 3. It was also found that the existing TxD scheme (Rel.10) for Format 3 does not provide any capacity gain and even a loss at some payloads.  
Hence, there are clear motives to introduce a resource efficient TxD schemes for PUCCH Format 3, particularly if Format 3 type of transmission is adopted in Rel.11 for CSI+A/N for carrier aggregation (as has been suggested in a large number of contributions, see [3-11]) because the payloads will then fall into the range where such TxD scheme was shown in [2] to be most beneficial. 

This contribution compares the Format 3 TxD schemes from performance and receiver complexity perspective and make a proposal for decision. 
2. Performance comparisons of proposals

The performance comparison of the transmit diversity scheme proposals under the assumption of realistic channel and realistic noise and interference covariance estimation is presented in this section. A normal PUCCH detector used in the results of this section, that is channel estimation followed by ML decoding. Further simulation assumptions are provided in Appendix. 

The required operating SNR for these different schemes are determined based on the following performance requirements:

· 
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· Pr(NAK or DTX bits → ACK bits) ≤ 10‒3
· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
The receiver detection threshold are set such that Pr(PUCCH DTX → ACK bits) = 10‒2. The operating SNRs is taken as the larger of those required for achieving Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3. 

Impact of cell specific randomization on performances

According to the PUCCH Format 3 specifications, there is a per SC-FDMA symbol cell specific randomization of the cyclic shifts with a periodicity of 20 slots, introduced in Rel.10 to mitigate inter-cell interference. When transmit diversity is used, this randomization gives performance benefits also without intercell interference, for all TxD schemes with gains that is different depending on the scheme, see an example of the gain for MSFBC in Figure 1. Hence, since this randomization has a large impact on the relative performance between the schemes, it is important to include this randomization from Format 3 specification in the evaluations.
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Figure 1 Impact of cyclic shift hopping on diversity performance on MSFBC

Performance with zero AGI

From Figure 2 and Figure 3 below, one can note that MSFBC has performances very close to SORTD and FSTD/STBC is within 1 dB of SORTD. The benefits over single antenna transmission are 1-2.8 dB for ETU and 2-4 dB for EPA channel depending on the payload. 
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Figure 2 Simulation results in 2x2 ETU channel with normal receiver. AGI=0dB. No interference.
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Figure 3 Simulation results in 2x2 EPA channel with normal receiver. AGI=0dB. No interference.

Performance with nonzero AGI

When the UE is a handheld terminal, there is a risk of antenna gain imbalance if the user is shielding one of the antennas with its hand. This will impede the UL MIMO performance and should be prevented by the UE design. However, if it occurs, it is easily detected by the eNB since the channel can be measured from each UE antenna. It can thereby re-configure the UE in single antenna operation whenever an imbalance occurs. During the time it takes to perform this RRC reconfiguration, the UE need to operate with a nonzero AGI and it is therefore worth to study the effects on the performances of these schemes under AGI.

As can be seen in Figure 4, there is a slight loss in performance for FSTD and STBC for smaller payloads compared to single antenna operation for AGI=3 dB. MSFBC and SORTD also degrade but still have better performance than single antenna operation except in the 4 bit case.
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Figure 4 Performance due to 3 dB AGI
3. Considerations for Dual RM encoders

For Format 3 transmission with payload >11 bits, a dual RM encoder was introduced for PUCCH Format 3 to enable separate receiver processing per codeword. This lowers the complexity significantly at larger payloads which was seen as an important aspect. It is therefore important that separate processing is also possible if a new transmit diversity scheme is introduced. It shall be noted that if CSI+A/N is supported with a Format 3 structure, a dual RM may be used also for total CSI+A/N payloads less than 11 bits (if separate encoding is used) and this new format would benefit from separate receiver processing of the CSI and A/N bits.  

Furthermore, in [12]

 REF _Ref308460628 \r \h 
 \* MERGEFORMAT [13], an advanced receiver using a joint ML that utilizes both data and RS was investigated. The benefits over the “normal” detector which estimates the channel first based on the RS and then use the obtained channel estimate in the detector is about 1-1.2 dB for MSFBC, see Figure 5 and Figure 6. It is important for the implementation of these advanced receivers that the separated ML processing per codeword for the Format 3 single antenna detector also can be applied to the transmit diversity of Format 3, otherwise its implementation becomes infeasible for larger payloads whenever TxD is used. 

The MSFBC and STBC when implemented according to their current descriptions has a disadvantage as bits from the two code words are mixed in the joint Alamouti encoding of two modulated symbols, which prohibits decoding separation. The number of ML hypotheses is in this case 
[image: image6.wmf]2

1

2

n

n

+

 where n1 and n2 are the number of information bits for each of the two encoders respectively. The results in Figure 5 and Figure 6 for payloads >11 bits are obtained with separate processing using a further modified MSFBC where some pre-processing before the DFT has been applied so that symbols that are Alamouti encoded together comes from the same code word. 

If MSFBC or STBC is adopted, then they need to be adjusted accordingly so that separate receiver processing is possible for payloads that are using dual RM encoding. As MSFBC shows the most promising gain for normal receivers, almost identical to SORTD and have even lower required SINR with the use of advanced receivers, we propose to adopt it as the new resource efficient transmit diversity scheme for PUCCH Format 3.
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Figure 5 Performance of advanced receiver in EPA channel
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Figure 6 Performance of advanced receiver in ETU channel

4. Conclusion

We have in a parallel contribution [2] concluded that a new resource efficient TxD scheme is useful for PUCCH Format 3. In this contribution, we have observed that MSFBC has superior performance but has the drawback that separate processing of the two dual RM code words for payload sizes >11 bits is not supported and hence it also prohibits implementation of more advanced ML receivers. 

However, it is possible to further modify MSFBC to ensure that symbols that are Alamouti encoder together belong to the same RM codeword.  

Due to these facts and the close (less than 0.2 dB) performance compared to SORTD, we propose to:

· Introduce a new resource efficient TxD scheme for PUCCH Format 3 in Rel.11 that allows for separate receiver processing of the dual code words in case of dual RM encoding

· Based on superior performance merits, MSFBC is proposed, provided that it is modified to allow for separate codeword processing in the receiver.
· If a new PUCCH Format that supports CSI+A/N feedback based on Format 3 is adopted, it shall also use the new resource efficient TxD scheme

· Add an OCC on the RS to double the RS resources
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6. Appendix 

Table 1 Link evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,

UE speed (km/hr)
	5 MHz, 3 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	xT2R, x=1, 2

	RX antenna correlation
	Uncorrelated

	CP type
	normal CP

	number of UEs
	1 

	number of PRB for PUCCH
	1

	Noise estimation
	Realistic

	Channel estimation
	Realistic

	RX false alarm detection threshold
	Set such that Pr(PUCCH DTX → ACK bits) = 10‒2
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