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1. Introduction

The followings were agreed in RAN1#69;

Agreement:

· SORTD based PUCCH TxD is adopted for format 1b channel selection in Rel-11.

· Strive for a simple solution that involves minimum spec change

· PUCCH Resource Allocation

· For Antenna port 0, the resource allocation of PUCCH format 1b with channel selection Transmit Diversity equals the one of Rel-10, i.e.

· Port 1 resource allocation method is one of the following three alternatives, to be decided in the next meeting

· Alt 1: For antenna port 1, the resources are explicitly RRC configured

· Alt 2: For antenna port 1, the resources used on antenna port 1 are:

· 
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for implicit resources when MIMO is configured for FDD and TDD M=1
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otherwise

· Alt 3: For antenna port 1, the resources used on antenna port 1 are:

· 
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· Spatial bundling for 3 or 4 bits case

This contribution discusses the PUCCH resource allocation of PUCCH TxD for format 1b with channel selection.
2. Discussions 
Alt 1: For antenna port 1, the resources are explicitly RRC configured [1]
The orthogonal resources for antenna port 1 are explicitly configured. For example, with 4 bits, additional four additional orthogonal resources need to be configured to support SORTD. The resource waste may be relaxed with ARI (ACK/ACK Resource Indicator). However, since there is no ARI for PCell PDCCH, the resources at least for PCell should be explicitly reserved without ARI. For SCell PDCCH, it can be alleviated by using ARI principle.
· Pros

· A common solution can be achieved.
· Cons
· It results in inefficient resource allocation by reserving multiple resources for the second antenna port.
The further details are provided as follows;

· For a PDSCH transmission on primary cell indicated by the detection of a corresponding PDCCH, the corresponding PUCCH resource 
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 is explicitly configured by RRC signaling.
· For a PDSCH transmission on secondary cell indicated by the detection of a corresponding PDCCH, the corresponding PUCCH resource 
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 is determined by ARI.
Alt 2: For antenna port 1, the resources used on antenna port 1 are:
· 
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 for implicit resources when MIMO is configured for FDD and TDD M=1
· 
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 otherwise [2]
The next CCE index to the lowest CCE one (i.e. 
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) can be linked to the orthogonal resource for antenna port 1 as in Rel-10. On the dynamic resource allocation for antenna port 1, the 
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 can be complementary used when the scheduled aggregation level is more than 1. For the case that the aggregation level is one, the scheduler should properly handle the collisions with other PUCCH resources. As for explicit resources for antenna port 1, the scheduler can handle this in configuring the explicit resources which are indicated by ARI (TPC field) in PDCCH. 
The resource by 
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 comes from the fact that the next resource corresponding to 
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 is already used to induce the PUCCH resource for FDD when MIMO is configured for the serving cell in format 1b with channel selection. It would require at least four aggregation levels for PDCCH transmission or further scheduling restriction for the resource collisions with dynamic resource allocation. 
· Pros

· The efficient resource allocation for antenna port 1 can be achieved other than FDD and TDD with M=1 configured by MIMO for dynamic resource allocation.
· Cons

· For FDD and TDD with M=1 by MIMO for dynamic resource allocation, the scheduler would pay attention on the resource collision for dynamic resource allocation by 
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Alt 3: For antenna port 1, the resources used on antenna port 1 are:

· 
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· Spatial bundling for 3 or 4 bits case [3]
As discussed in Alt 2, since the “+1” is already used for FDD and TDD with M=1 by MIMO for dynamic resource allocation in format 1b with channel selection, Alt 3 proposes that the spatial bundling is applied to make it to single ACK/NACK bit for the serving cell. In consequence, the total number of ACK/NACK bits becomes 2. By doing this, 
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 can be used for antenna port 1 in dynamic resource allocation.
On the other hands, the link level simulation results showing required SNR were summarized in Table 1 and the link curves are shown in Figure 1. The simulation was performed under ETU 3km/h, 2Rx, Joint ML detection (RS+DATA), and FDD mapping table. The remaining simulation assumptions and more detailed results are provided in Annex A. It is found that the ACK/NACK performance of 2 bits is compatible with 2Tx SORTD for 3 and 4 bits. Since the necessity of TxD is foreseen in larger ACK/NACK bits, the TxD may not be needed if the spatial bundling resulting in two bits is applied. The compression by spatial domain bundling can provide the sufficient link budget. Therefore, the alternative is a kind of compression method rather than transmit diversity scheme. Given that the ACK/NACK performances are sufficient by spatial domain bundling, applying SORTD on top of spatial bundling would result in unnecessary resource consumption.
Table 1 Required SNR – ETU 3km/h, 2Rx, Joint ML detection, FDD mapping table
	
	F-1b
	ChSel 2bit
	ChSel 3bit
	ChSel 4bit

	
	1Tx
	2Tx
	1Tx
	2Tx
	1Tx
	2Tx
	1Tx
	2Tx

	Req.SNR[dB]
	-5.49
	-6.85
	-7.42
	-8.50
	-7.04
	-7.95
	-6.23
	-7.35
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Figure 1 Link curves for Table 1
Proposal: Alt 1 is proposed;
· For a PDSCH transmission on primary cell indicated by the detection of a corresponding PDCCH, the corresponding PUCCH resource 
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 is explicitly configured by RRC signaling.

· For a PDSCH transmission on secondary cell indicated by the detection of a corresponding PDCCH, the corresponding PUCCH resource 
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 is determined by ARI.

3. Conclusions
This contribution provided our views on the resource allocation for TxD of PUCCH format 1b with channel selection. In conclusion, our proposal is provided as follows;
· For a PDSCH transmission on primary cell indicated by the detection of a corresponding PDCCH, the corresponding PUCCH resource 
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 is explicitly configured by RRC signaling.

· For a PDSCH transmission on secondary cell indicated by the detection of a corresponding PDCCH, the corresponding PUCCH resource 
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Annex A. Simulation assumptions
Pr(DTX(ACK) for format 1b with channel selection is defined as follows;
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Table 2 Link level simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Receiver type
	Joint ML detector (RS+DATA)

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	A/N bits
	2,3,4 bits

	PUCCH formats
	PUCCH format 1b, 1b with channel selection

	Mapping table
	FDD mapping table in TS36.213

	Required SNR
	Such that Pr(DTX(ACK)<=1%, Pr(ACK(ACK/NACK)<=1%, Pr(NACK(ACK)<=0.1%
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