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1 Introduction

During Rel-10 development, a number of transmit diversity schemes for PUCCH format 3 have been introduced, namely space-time block code (STBC) [2], space-frequency block code (SFBC) [3]

 REF _Ref273654151 \r \h 
[4], and frequency-switch transmit diversity (FSTD) [5], while space-orthogonal resource transmit diversity (SORTD) has been subsequently adopted in Rel-10. However, high resource consumption of SORTD motivates consideration of other schemes for Rel-11. In RAN1#66 meeting, additional schemes have been proposed, including payload size based scheme dynamic selection [10], beam-switch transmit diversity (BSTD) [11], and closed-loop antennas selection (CLAS) [13]. 

We provide in this contribution an analysis of these new schemes and light their main features, advantages and disadvantages. 

2 Candidate Schemes for PUCCH TxD
During the Rel-10 standardization, four alternative schemes have been identified as candidates for PUCCH format 3 TxD.  In the following we briefly describe these alternatives. Because alternatives 1 through 4 below have been extensively studied by various companies [1]-[7] during Rel-10 development, we describe them only briefly. However, alternatives 5, 6, and 7 have been proposed to RAN1 only in the previous meeting (RAN1#66), we describe them in greater detail and outline some of their advantages and disadvantages. 
Alt 1: STBC before DFT
This alternative is described in [1] [2] and is illustrated in Figure 1 below. This scheme employs Alamouti encoding of the modulation symbols across the two transmit antennas before the DFT operation. Essentially, if the first antenna transmits the QPSK modulation symbols 
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Alt 2: Modified SFBC
This alternative is a modified SFBC described in [3][4] and depicted in Figure 2.  The signal transmitted on the second antenna is a transformed version of the DFT output for the first antenna. This transform consists of reversing the order of the first antenna’s DFT output, taking the complex conjugation, negating every other element, and then cyclically shifting the resulting sequence by 6 subcarriers.
Essentially, in a give slot, if the first antenna transmits the modulation symbols 
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which experiences a phase rotation of increment 5(/6. This transform smears the phase of the original QPSK modulation symbol sequence and, therefore, may have some impact on the PAPR or CM of the signal on the second antenna. This transformation is depicted in Figure 6 and Figure 7.
Alt 3: FSTD
This alternative is described in [5] and depicted in Figure 3. This transmission scheme is a frequency-switched transmit diversity technique, where the first antenna transmits on the 6 even-index subcarriers and the second antenna transmits on the 6 odd-index subcarriers within a PRB. The first antenna carries 6 of the 12 modulation symbols while the second antenna carries the remaining 6 modulation symbols. This scheme uses size-12 DFT for 1Tx case and size-6 DFT per antenna for 2Tx case. 
Alt 4: SORTD
This alternative, which is already adopted in Rel-10, is a space-orthogonal-resource transmit diversity (SORTD) scheme, shown in Figure 4, where two antennas utilize orthogonal resources and transmit the same modulation symbol sequence in the same manner. The two orthogonal resources we consider herein are two orthogonal cover codes; the antennas transmit in the same PRB in each slot of a subframe. 
Alt 5: Payload size based dynamic switching 
This scheme is described in [10]. The proposal is to support dynamic switching between SFBC (Alt. 2 above) and SORTD (Alt. 4 above) based on the payload size. Specifically, based on simulation results, it is suggested in [10] that SFBC be used when the payload size is less than 6 bits, and SORTD is used for 6 or more bits.
· Advantages: We see no advantages of this scheme. 

· Disadvantages: A number of disadvantages are identified as follows.
· In our opinion the benefit of dynamic switching, if it can be enabled, is minimal. In Rel 10, PUCCH 1b can be used for up to 4 bits, and PUCCH format 3 can be used for all payload sizes, as determined by the eNB via RRC signaling. Therefore, payload size based switching between SFBC and SORTD as illustrated in [10] seems to be optimizing only for the 5-bit case. This optimization does not appear to have sufficient justification.
· For high payload sizes, the scheme switching method does not solve the high resource consumption problem of SORTD.
· It is important to note that in Rel-10, the PUCCH format selected for ACK/NAK transmissions is completely up to the eNB and the selection is performed semi-statically. Specifically a UE that supports more than 4 ACK/NAK bits is configured by higher layers between DFT-S-OFDM (PUCCH format 3) and PUCCH format 1b with channel selection. Thus, there exists no mechanism to enable dynamic switching between SFBC and SORTD. To enable dynamic switching between SFBC and SORTD proposed in [10], significant specification changes would be required, and we see no justification for such changes. 
Alt 6: Beam-switch before DFT 
This scheme is described in [11] and depicted in Figure 5 below. In essence, if first antenna transmits the QPSK modulation symbol sequence 
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We observe that this transformation bears some similarity to Alt 2 [3][4] in case 
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 is a phase modulating sequence, e.g., 
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. However, it does not achieve space-frequency block coding because the original modulation symbols are not complex-conjugated.  More generally, if 
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, then the post-DFT sequence transmitted on the second antenna is a cyclically-shifted version of the post-DFT sequence transmitted on the first antenna.
· Advantages: 

· As is the case for Alts 1, 2, and 3, this scheme consumes the same amount of resources as for the single-antenna case.
· Disadvantages: 
· This scheme does not achieve space-time or space-frequency coding and, therefore, it’s hard to realize a performance gain. Consequently, with a simple receiver, this approach performs worse than Alt 1, Alt 2, and Alt 3 [11]. Improved performance requires complicated receiver with joint data+RS detection. Such complicated receiver seems undesirable.  
· Similar to Alt 2, the transform performed on the original QPSK modulation symbol sequence can smear the phase; therefore, it may have some impact on the PAPR or CM of the signal on the second antenna. This issue should be further investigated. 
Alt 7: Closed-loop antenna selection
This scheme is described in [13], where the eNB dynamically indicates to the UE which antenna port is to be used for a PUCCH format-3 transmission.    
· Advantages: 

· As is the case for Alts 1, 2, and 3, this scheme consumes the same amount of resources as for the single-antenna case.
· Needs reference signals for only one antenna at a time. 
· Disadvantages: 
· The scheme may not be able to achieve maximum power utilization. When one antenna is turned off, the UE may become unable to utilize 50% of the power that it can otherwise be able to transmit. In other words, the UE may not be able to put all the available power to one antenna. 
· The scheme requires antenna selection indicator in the downlink and it is not clear how this can be cleanly achieved. One possible way to achieve this is to introduce a new DCI format, but this approach can increase the number of blind decoding operations and consequently increase the UE complexity. 
· The approach may perform poorly for moderate to high mobility.
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Figure 1: PUCCH format 3 TxD scheme using Alamouti encoding before DFT (Alt. 1), with 
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 being a length-5 spreading code [1][2]. This illustration is for the first slot of a subframe, and the same mechanism with the same spreading factor 5, or a spreading factor 4 in case of SRS, is applied to the second slot. 
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Figure 2: Modified SFBC TxD scheme (Alt. 2) for PUCCH format 3 [3][4].
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Figure 3: Frequency-switch TxD scheme (Alt. 3) for PUCCH format 3 [5]. 
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Figure 4: SORTD scheme (Alt. 4) for PUCCH format 3.  
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Figure 5: Beam switch before DFT scheme (Alt. 6) for PUCCH format 3 TxD [11].   
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Figure 6: Relationship between the signals transmitted on the antennas ports in SFBC scheme (Alt. 2).   
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Figure 7: Phase sequence modulating the symbols transmitted on the second antenna in SFBC (Alt. 2).   

3 Conclusion 

Based on the above analysis and past evaluation, we see that Alt 1 and Alt 2 achieve the best performance among all the alternatives. SORTD performs worse than the other three alternatives in many cases; it performs better only for high payload sizes, while it affords only half the multiplexing capacity. Alt 1 is also the simplest alternative as it reuses the same SC-FDMA signal processing engine for both antennas as in Rel. 8. Therefore, we make the following recommendations.

Proposal 1: Alt 1 is used for PUCCH format 3 transmit diversity in Rel-11.
Proposal 2: Use RRC signaling for PUCCH format 3 TxD scheme selection in Rel-11.
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