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1. Summary

RAN WG#nn has concluded that for LTE-A uplink control channels with Rel-8 PUCCH format 1/1a/1b, the spatial orthogonal-resource transmit diversity (SORTD) scheme will be specified for transmissions with two antenna ports [1].  In this contribution, we discuss the format for the remaining PUCCH formats, 2/2a/2b.

We recommend that derivatives of SORTD be used for these formats, while maximizing similarity with existing Rel 8 mechanisms.
2. Introduction

Among the issues that are yet to be addressed, the question of transmit diversity (TxD) for formats 2/2a/2b remains to be defined.   It is desirable that TxD for the PUCCH provide a performance improvement benefit,, yet still maintain backward-compatibility with Release 8.  This performance improvement is important and necessary, as the LTE-A enhancements to Release 8 (e.g., asymmetric carrier aggregation, SU-MIMO, etc.) will almost certainly require heavier usage of the control channels.  In the next section we review the ACK/NAK requirements from Release 8, and following that, provide our views on requirements for LTE-Advanced, which will be followed by conclusions. 

3. A/N Performance Requirements

For LTE, different control messages have different error performance targets [2]. For example, 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 10-4 while ACK to NACK miss detection has a target BER of 10-2. 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. 
In the physical uplink shared channel (PUSCH), this unequal error protection (UEP) requirement is met by the different (-offset settings for different control information. On PUSCH, the default (-offset values for A/N, RI and CQI are 20, 20 and 6.25 respectively [3]. For RI and CQI, 20 and 6.25 are the maximum values of (-offset. For A/N, the (-offset can be set up to 126. Thus, A/N can achieve superior protection than other control messages with a higher (-offset setting. 
However, the PUCCH, as currently defined in Release 8, has limited resources: only 20 bits in 10 QPSK symbols and 4 PUCCH reference symbols (RSs). There is no adjustable parameter like the (-offset in PUSCH (although PUCCH transmit power can be varied). As a result, the existing PUCCH formats result in a higher receiver SNR being required to successfully transmit than might otherwise be needed. 

Annex A.1 has the detailed analysis for the Rel-8 PUCCH .

Annex A.1 shows that with format 2/2a/2b, in some situations the A/N performance can be the worse than CQI performance . In all cases, A/N might have a BER of 10-2 , but cannot reach the desired 10-4 BER level without increasing PUCCH transmitted power.   

For Release 10 TxD ,we have the opportunity to improve upon the current Rel-8 situation. 

4. PUCCH TxD LTE-A Design Considerations
In LTE-A, additional data will have to be sent on control channels to accommodate feedback from carrier aggregation (CA) in asymmetric uplink/downlink allocations, UL-MIMO, etc. The use of multiple antennas on the UE uplink allows transmit diversity (TxD) , thus affording the opportunity to transmit data with increased reliability. 

In the 3GPP RAN1 #58 and RAN4 #52 meetings, it was agreed that for the uplink, single antenna port mode should be supported on UEs with multiple antennas ( [4], [12]). Thus, the PUCCH can now be configured to enter a single antenna port mode, and the UE uplink could also enter a single antenna port mode autonomously (without eNB instruction), in some scenarios. 

It has also been agreed that for multiple antenna PUCCH transmission TxD for format 1/1a/1b, spatial orthogonal resource transmit diversity (SORTD) will be specified. For format 1/1a/1b, the same modulated symbols are transmitted on different orthogonal resources on different antennas [5].  

Based on the above discussion, the LTE-A PUCCH TxD design for format 2/2a/2b should comply to the following guidelines:

1) The LTE-A PUCCH TxD scheme should maintain maximum backward compatibility with LTE Rel-8, since a UE can switch to a single antenna mode autonomously( [4], [12]). The eNB should still be able to decode PUCCH information when a UE switches to a single antenna mode. Therefore, the Rel-8 PUCCH formats should be applied on at least one antenna, and in transitioning to a single PA mode the Rel-8 PUCCH format prevails.

2) It may be useful to have a 2nd antenna mode which,  while decodable by a Rel 8 eNB, may have a slightly different format from Rel 8, in order to enhance LTE-A performance.

3) To simplify the specification and implementation, the same scheme should be applied to all formats. Since SORTD is agreed for format 1/1a/1b, it should be the baseline for format 2/2a/2b as well, i.e. orthogonal PUCCH resources should be allocated to different antennas.

4) It is more desirable  for LTE-A PUCCH TxD to also provide increasedfeedback performance, rather than simply increasing the number of control information bits at the Rel-8 low performance level[6][7]. 

5) Especially, the A/N performance should be enhanced and differentiated from other control feedback. A NACK to ACK error results in missed data, and an ACK to NACK error will result in unnecessary retransmission. A more reliable A/N is desirable especially when HARQ bundling is used in LTE-A.

5. Conclusions and recommendations

In summary, for the design of PUCCH TxD for format 2/2a/2b in LTE-A, 
· Rel-8 backward compatibility should be maintained as much as possible. The Rel-8 format and coding should be used on at least one of the antennas.

· To be consistent with format 1/1a/1b, SORTD should be the baseline for format 2/2a/2b.

· A/N performance enhancement and differentiation from the performance of other PUCCH traffic is necessary, and should be considered. 
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