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1 Introduction
Although SORTD has been adopted as the PUCCH format 3 transmit diversity scheme in Rel-10, detailed analysis on the required resources for PUCCH format 3 SORTD from the system perspective has not been performed, mainly due to time constraints in Rel-10. In [1], we proposed that overhead analysis for PUCCH format 3 is needed, in order to understand the necessity of introducing a resource efficient transmit diversity in Rel-11. In this contribution, we show our analysis on PUCCH format 3 overhead, as well as our understanding on the proper system operation with PUCCH format 3.
2 PUCCH format 3 overhead analysis
To evaluate the required PUCCH format 3 resources from the system perspective, it is important to study the following two aspects:

· Number of UEs that can be multiplexed in the same PRB for PUCCH format 3
· Number of UEs that need to have PUCCH format 3 resources
The number of UEs that can be multiplexed in the same PUCCH PRB depends on the CDF of PUCCH SINR and the required SINR for detecting a certain number of ACK/NAK bits. Figure 1 (left) shows the CDF of PUCCH SINR, assuming 1, 3, or 5 interfering UEs in all neighboring cells. The uplink power control parameters are set such that the received signal power over thermal (not including inter-cell interference) noise ratio at eNB meets a target SNR (i.e. TSNR of 5 dB, 10 dB, or 15 dB as in Figure 1). The same set of power control parameters is applied to all UEs. Closed loop TPC is not modeled in the evaluations. Figure 1 (right) shows the inter-cell interference (not including thermal noise) corresponding to the curves in Figure 1 (left). Figure 2 shows similar results as Figure 1, except that the numbers of interfering UEs are 2, 4, and 6. It is observed that the variation of PUCCH SINR is mainly due to the variation of the inter-cell interference since different UEs are scheduled in neighboring cells at different subframes. In other words, we have the following observation:
Observation 1: The PUCCH SINR CDF applies to each individual UE, irrespective whether the UE is close to or far away from its serving cell.
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Figure 1: ACK/NAK SINR CDF (left), ACK/NAK inter-cell interference (not including thermal noise) CDF (right), UMA, UE max power 20 dBm
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Figure 2: ACK/NAK SINR CDF (left), ACK/NAK inter-cell interference (not including thermal noise) CDF (right), UMA, UE max power 20 dBm
In order to determine the number of ACK/NAK bits that can be carried by PUCCH format 3 assuming a certain multiplexing capacity (i.e. number of interfering UEs per PUCCH PRB), an accurate approach is to study the ensemble average of ACK/NAK detection error rate by combining the PUCCH SINR CDF (corresponding to the assumed multiplexing capacity) and ACK/NAK detection BER curve (corresponding to the number of ACK/NAK bits). As a simplified approach, we use the 90% outage probability to determine the number of ACK/NAK bits that can be carried by PUCCH format 3 for a certain multiplexing capacity. The required SINR for detecting a certain number of ACK/NAK bits is shown in Table 1 from [5], for single antenna port (SAP) transmission, SORTD, and antenna selection, respectively. Combined with ACK/NAK SINR CDF in Figure 1 (left) and Figure 2 (left), the following can be observed from Table 2.
· For up to 4 ACK/NAK bits with PUCCH format 3, 5 UEs can be multiplexed in the same PRB with SAP. Hence transmit diversity will not save PUCCH format 3 overhead from the system perspective.
· For more than 4 and up to 14 ACK/NAK bits, antenna selection can allow more UEs multiplexed in the same PUCCH PRB than SAP, which reduces the PUCCH format 3 overhead from the system perspective.

· For more than 16 bits, only 1 or 2 UEs can be multiplexed in the same PUCCH PRB to reduce inter-cell interference and hence support such a large payload of ACK/NAK bits. It is then observed SORTD is equivalent to antenna selection from the PUCCH format 3 overhead perspective.
Table 1: Required SINR for ACK/NAK with PUCCH format 3 [5], AGI of 0 dB
	Scheme
	Number of ACK/NAK bits

	
	2
	4
	6
	8
	10
	12
	14
	16

	SAP
	-8.18*
	-6.91**
	-5.89**
	-4.75**
	-3.10**
	-2.78**
	-1.29**
	-0.50**

	SORTD
	-9.71*
	-8.86**
	-8.41**
	-6.86**
	-6.30**
	-5.58**
	-4.61**
	-4.21**

	Antenna selection
	-11.05*
	-10.09**
	-9.47**
	-8.55**
	-7.80**
	-6.32**
	-5.10**
	-3.71**


Table 2: Number of ACK/NAK bits supported by PUCCH format 3 
for different numbers of UEs multiplexed in a PUCCH PRB 
	Number of UEs multiplexed per  PUCCH PRB
	Number of ACK/NAK bits

	
	SAP
	SORTD
	Antenna selection

	5
	4
	N/A
	10

	4
	6
	N/A
	12

	3
	8
	N/A
	14

	2
	10
	>16
	>16

	1
	14
	>16
	>16


From Table 2, the relative PUCCH format 3 overhead saving with antenna selection compared to SAP is summarized in Table 3.
Table 3: Relative PUCCH format 3 overhead saving compared to SAP
	Number of ACK/NAK bits
	Number of UEs multiplexed in one PUCCH PRB
	Relative PUCCH format 3 overhead saving compared to SAP

	
	SAP
	Antenna selection
	

	6
	4
	5
	20%

	8
	3
	5
	40%

	10
	2
	5
	60%

	12
	1
	4
	75%

	14
	1
	3
	67%


On the number of UEs that need to have PUCCH format 3 resources, it is dependent on system configuration and operation. The following approaches are possible:

· Approach 1: The amount of PUCCH format 3 resources from the system perspective is dimensioned such all RRC connected UEs are assigned with PUCCH format 3 resources. 

· Approach 2: The amount of PUCCH format 3 resources from the system perspective is dimensioned for an assumed number of UEs that need to transmit PUCCH format 3 in a subframe.

Approach 1 obviously requires more PUCCH format 3 resources than Approach 2. However, Approach 1 has less scheduler restrictions since less PUCCH format 3 resources are reserved with Approach 2 and shall be shared with all RRC connected UEs.
3 Conclusions
In this contribution, we analyze the PUCCH format 3 overhead, with the following observations:
· From system PUCCH format 3 overhead perspective, it is not motivated to introduce a resource efficient transmit diversity scheme in Rel-11 for up to 4 ACK/NAK bits or more than 16 ACK/NAK bits.

· From system PUCCH format 3 overhead perspective, it is motivated to introduce a resource efficient transmit diversity scheme in Rel-11 for more than 4 and less than 16 ACK/NAK bits.

In particular, the new resource efficient transmit diversity scheme shall provide the best possible ACK/NAK detection performance, such that the amount of PUCCH format 3 overhead saving can be maximized. Since antenna selection is shown to provide the best ACK/NAK detection performance, it is recommended that antenna selection is adopted as the transmit diversity scheme for PUCCH format 3 in Rel-11.
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