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1 Introduction

The working assumption from [1] is that a transmit diversity scheme should be specified for PUCCH Format 1b with channel selection.  At most 4 PUCCH resources would be available for FDD, while the number is not yet determined for TDD. In addition to SORTD, several resource-efficient schemes have been proposed which may be of interest given the resource constraint. In this contribution, we discuss various aspects for consideration in the selection of diversity schemes.  
2 Aspects for a diversity scheme
It is known that SORTD has very good performance but the main drawback is the resource overhead. One of the factors to be considered per the RAN1#66 conclusions, was also to minimize the specification impact. If SORTD is adopted, the specification impact would be limited to appending two more columns for a second antenna port in the existing ACK/NACK tables and further specify the resource reservation, e.g., by using a second implicit resource or increasing the set of explicitly reserved resources. Hence, in those cases where the resource overhead is not considered to be excessive, SORTD would be simplest and best-performing scheme to specify. As noted in [2], additional PUCCH resources which can be obtained using a second implicit resource (nCCE+1), should not be counted as extra resource overhead. The issue if SORTD should be used is thus reduced to whether the extra amount of explicitly configured resources is considered to be reasonable [3]. Since the explicit resources are allocated by the TPC bits, they can be dynamically shared among UEs, implying that the increase of the total set of explicit resources may be proportionally less than the increase of resources per UE which is configured with transmit diversity. 
→ SORTD should be specified in those cases where the increase in explicit resources is reasonable.
One additional advantage of SORTD is that the ACK/NACK mapping is the same on antenna port 0 regardless if the UE is configured with single- or multiple antenna port transmission. There is therefore no ambiguity during RRC reconfiguration periods between transmit diversity and non-transmit diversity with regards to used ACK/NACK mapping table and no additional scheduling constraints are introduced on the eNodeB. For cases where SORTD may not be adopted, resource-efficient transmit diversity schemes would be specified. In that case, it is still relevant to minimize the specification impact, i.e., to reuse the existing ACK/NACK mapping on antenna port 0. It is preferable that candidate resource-efficient schemes inherit this property, as well as not imposing any scheduling constraints, especially if SORTD will be supported for some cases.
 → It is desirable to reuse the existing ACK/NACK mappings on antenna port 0 for any new resource efficient transmit diversity scheme. 
One set of such candidate resource-efficient schemes is E-SORTD, which was given by Table 11 and 12 in [4]. However, the mapping of the second antenna port was not suitable for implicit resource reservation. Further studies would hence be needed for finding suitable mappings. In general, we see no motivation to develop closed-loop diversity schemes as all other PUCCH formats comprise open-loop solutions. A closed-loop scheme is expected to have significant impact on the control signaling and deviates from the objective of minimizing the specification impact.

  → Transmit diversity schemes should be open-loop. 
3 Transmit diversity schemes for FDD

In the following, we consider the different cases for FDD. Given the already existing principle of using a second implicit resource nCCE+1 for SORTD with Format 1b, we assume such a resource can also be reserved for channel selection and do not consider this to introduce any extra resource overhead. 

2 HARQ-ACK bits

If SORTD is applied in this case, 1 extra explicit resource will be needed for non-cross carrier scheduling. The SPS case will also require 1 extra explicit resource.  Since 2 explicit resources and 2 SPS resources are already assumed for 3 or 4 HARQ-ACK bits without transmit diversity, we consider this extra resource to be a moderate increase and that the use of SORTD is well motivated by performance [5] as well as the aforementioned small specification impact. 

→ SORTD is introduced for FDD with 2 HARQ-ACK bits.

3 HARQ-ACK bits

Due to the working assumption of at most 4 PUCCH resources, SORTD is not applicable in this case. Compared to the single antenna case, 1 additional resource could be obtained for cross-carrier scheduling giving in total 4 resources. For non-cross carrier scheduling, 1 extra explicit resource is needed when MIMO is configured on the PCell. Candidate schemes could be based on the E-SORTD principle (decoupling data and reference channels on antenna port 1) and preferably reuse the ACK/NACK mapping on antenna port 0 described above. 
→ A TxD scheme using 4 PUCCH resources is introduced for FDD with 3 HARQ-ACK bits.

 4 HARQ-ACK bits

This case could be treated similarly as the 3 HARQ-ACK bits case and no additional explicit resources may be needed. 
→ A TxD scheme using 4 PUCCH resources is introduced for FDD with 4 HARQ-ACK bits.

4 Transmit diversity schemes for TDD

In the following, we consider the different cases for TDD, where M is the number of subframes associated with the PUCCH feedback in the given subframe.
4.1 Performance evaluation

Table 1 summarizes the simulation results from the Appendix which are obtained for the case M=1 with 3 and 4 HARQ-ACK bits. Compared to single antenna port (SAP) transmission, it can be seen that SORTD also exhibits significant gains for TDD and specification of transmit diversity is well motivated in terms of performance. 
Table 1. SNR requirements.
	
	SAP
	SORTD

	M=1, 3 HARQ-ACK bits
	-6.4 dB
	-7.9 dB

	M=1, 4 HARQ-ACK bits
	-6 dB
	-6.8 dB


4.2 Diversity schemes
M=2, 3 and 4

The resource-efficient schemes being discussed so far rely on that different PUCCH resources can be used for the data- and reference symbols parts for a given HARQ-ACK state and antenna port. This is feasible assuming the resource for the reference symbols and data symbols are located in the same resource block. Such a property can be assured if 2 resources are implicitly reserved from 1 PDCCH (e.g., nCCE and nCCE+1) and for any set of explicitly configured resources. 
However, for TDD with M=2, 3 and 4, PUCCH resources are reserved from multiple subframes. Hence, without significant scheduling restrictions, there is no guarantee that the reserved resources end up in the same resource block. The up to 4 currently reserved resources would therefore not be sufficient for a resource-efficient scheme. Additional resources would thus have to be reserved either implicitly or explicitly. The maximum number of resources of such a scheme may become equal to 8 (e.g., M=4, MIMO and cross-carrier scheduling), which is the same maximum number of resources required to support SORTD. Hence, given the advantages of SORTD, it does not seem justified to develop other diversity schemes for these cases. The resource nCCE+1 is currently not reserved in any of these cases M=2, 3 and 4, and can be introduced for transmit diversity. Thus, up to 8 implicit resources could be reserved for cross-carrier scheduling. The only additional resource overhead is for non-cross carrier scheduling where 2 extra explicit resources need to be assigned. This could be considered as a moderate increase. 
 → SORTD is introduced for TDD with M=2, 3 and 4.
M=1 and 2 HARQ-ACK bits

This case bears resemblance to the 2 HARQ-ACK bits FDD case. For cross-carrier scheduling, 2 extra implicit resources can be obtained using nCCE+1, giving in total 4 resources. For non-cross carrier scheduling, 4 resources will be available if 1 extra explicit resource is assigned. This would also be a moderate increase and with 4 resources, SORTD could be applied.
→ SORTD is introduced for TDD with M=1 and 2 HARQ-ACK bits.

M=1 and 3 HARQ-ACK bits

If 1 extra resource is obtained implicitly (i.e., nCCE+1) for cross-carrier scheduling for the PDCCH that schedules SIMO transmission and 1 extra explicit resource is assigned for non-cross carrier scheduling when MIMO transmission is  on the PCell, in total 4 resources can be reserved. Hence, this case is similar to the 3 HARQ-ACK bits FDD case. SORTD would not be applicable and some form of resource-efficient scheme should be considered.
→ A TxD scheme using 4 PUCCH resources is introduced for TDD with M=1 and 3 HARQ-ACK bits.

M=1 and 4 HARQ-ACK bits

This case could be treated similarly as the 3 HARQ-ACK bits case and no additional explicit resources may be needed. 

→ A TxD scheme using 4 PUCCH resources is introduced for TDD with M=1 and 4 HARQ-ACK bits.
5 Conclusions
In this contribution we conclude that for the design of transmit diversity schemes:
→ SORTD should be specified in those cases where the increase in explicit resources is reasonable.
→ It is desirable to reuse the existing ACK/NACK mappings on antenna port 0 for any new resource- efficient transmit diversity scheme
→ Transmit diversity schemes should be open-loop.
Based on a discussion of the resource overhead, we propose that: 

→ SORTD is introduced for FDD with 2 HARQ-ACK bits.

→ A TxD scheme using 4 PUCCH resources is introduced for FDD with 3 HARQ-ACK bits.

→ A TxD scheme using 4 PUCCH resources is introduced for FDD with 4 HARQ-ACK bits.

→ SORTD is introduced for TDD with M=2, 3 and 4.

→ SORTD is introduced for TDD with M=1 and 2 HARQ-ACK bits.

→ A TxD scheme using 4 PUCCH resources is introduced for TDD with M=1 and 3 HARQ-ACK bits.

→ A TxD scheme using 4 PUCCH resources is introduced for TDD with M=1 and 4 HARQ-ACK bits.
Further studies are needed of a suitable new resource efficient transmit diversity schemes.
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Appendix

The required SNR shall fulfil the following requirements

· Pr(DTX->ACK)≤10-2 
· Pr(ACK->NACK/DTX) ≤10-2   
· Pr(NACK->ACK)≤10-3
Table 1. Simulation assumtions.
	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	ETU/5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1×2/2×2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	 Joint ML detection using data and DM-RS
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Figure 1. Detection performance for M=1 and 3 HARQ-ACK bits.
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Figure 2. Detection performance for M=1 and 4 HARQ-ACK bits.
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