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1 Introduction
In Rel-10, transmit diversity (TxD) schemes (SORTD) were defined for a UE configured with DL CA for all PUCCH formats for HARQ-ACK transmission except for PUCCH format 1b with channel selection.  However, PUCCH format 1b with channel selection is primarily configured for UEs with low SINRs which are exactly the ones most benefiting from TxD. Moreover, by supporting TxD for PUCCH format 1b with channel selection in case of DL CA, fallback to PUCCH format 1b with SORTD for single cell operation can be simple. This contribution discusses how to support SORTD for PUCCH format 1b with channel selection in case of DL CA. 
2 Resource allocation for FDD
In the design of PUCCH format 1b with channel selection using single antenna port for DL CA in FDD [1], a main property was to enable fallback operation, i.e. when UE is scheduled only on the Pcell, the mapping used is the same as when PUCCH format 1a/1b is used for HARQ-ACK transmission. This is beneficial to avoid possible confusion between CA re/configuration. During the ambiguity period during CA re/configuarion period, the eNB may not be sure about the exact state (CA or single cell) of the UE and, by maintaining such fallback property, the eNB can get correct HARQ-ACK information if it only schedules on the Pcell. 
Correspondingly, when SORTD is used together with PUCCH format 1b with channel selection, the fallback property should also be enabled to avoid possible confusion during CA re/configuration and When a UE is only scheduled on the Pcell, it should operate as if using PUCCH format 1a/1b with SORTD. Implicit channel resource allocation should be prioritized to minimize the resource overhead associated with SORTD. More specifically, 
1) Implicit resource allocation is used with highest prioritization whenever possible, to reduce the resource overhead for SORTD. 

2) Resource allocation by ARI is used with second priority. The candidate channels are explicitly configured by higher layers and ARI can improve the resource utilization.
3) Explicit resource allocation is used with lowest priority, e.g. HARQ-ACK channels for SPS PDSCH. 

An example of resource allocation for A=4 is provided in Table 1. The candidate channel ‘h1’ for both antenna ports is allocated by ARI signalled in the PDCCH scheduling the PDSCH in the Scell. When UE is scheduled only on the Pcell, the channel ‘h0’ for 2 antenna ports is used for HARQ-ACK transmission, that is, although ARI is not available , it is  not needed at all since channel ‘h1’ for 2 antenna ports is not selected. Another property for this design in Table 1 is that 2 implicit resources for a cross-carrier scheduled Scell are allocated as channel ‘h3’ for 2 antenna ports which maximizes the use of implicit resources. From the channel selection mapping table for FDD, if the eNB only schedules PDSCH in the Scell, channel ‘h3’ is selected; the design in Table 1 then guarantees that 2 implicit resources are used in this case and minimizes the use of explicit HARQ-ACK channel resources.  
Table 1: Resource allocation for SORTD for A=4 in FDD
	
	Antenna port 0
	Antenna port 1

	
	h0
	h1
	h2
	h3
	h0
	h1
	h2
	h3

	Cross-carrier scheduling
	n_CCE, Pcell
	ARI
	ARI
	n_CCE, Scell
	n_CCE+1, Pcell
	ARI
	ARI
	n_CCE+1, Scell

	Non cross-carrier scheduling
	n_CCE, Pcell
	ARI
	ARI
	ARI
	n_CCE+1, Pcell
	ARI
	ARI
	ARI


3 Resource allocation for TDD
In TDD, for bundling window size M >= 2, at most one candidate channel is implicitly allocated by the lowest CCE index of the PDCCH [1]. Thus, it is highly likely that the second set of candidate resources is mainly allocated by the second lowest CCE of the respective PDCCHs and resource allocation for SORTD in TDD can be mainly done implicitly which avoids increasing the associated PUCCH overhead. This is an advantage for TDD compared to FDD. 
For simplicity, the resource allocation method defined in Rel-10 is directly applied to antenna port 0 and a new set of M resources are then needed for antenna port 1. The resource allocation for antenna port 1 could be based on the following principles:
1) Implicit resource allocation, i.e. by n_CCE+1 of a PDCCH, is used with highest priority, whenever possible, to reduce the resource overhead for SORTD. 
2) Resource allocation by ARI is used with second priority. The candidate channels are explicitly configured by higher layers and ARI can improve the the resource utilization.
3) Explicit resource allocation is used with lowest priority, e.g. HARQ-ACK channels for SPS PDSCH. 
Following the above principles, the resource allocation for SORTD for M=3 and M=4 is subsequently provided. Table 2 is for the case without SPS PDSCH. Table 3 is for the case with SPS PDSCH.  It is noted that the method in Table 2 and Table 3 also guarantees the fallback operation, i.e. if a UE is scheduled only one PDSCH in the Pcell, it operates as if it uses PUCCH format 1a with SORTD. 
Table 2: Resource allocation for SORTD without SPS

	
	Antenna port 0
	Antenna port 1

	
	h0
	h1
	h2
	h3
	h0
	h1
	h2
	h3

	Cross-carrier scheduling
	n_CCE, DAI=1, Pcell
	n_CCE, DAI=2, Pcell
	n_CCE, DAI=1, Scell
	n_CCE, DAI=2, Scell
	n_CCE+1, DAI=1, Pcell
	n_CCE+1, DAI=2, Pcell
	n_CCE+1, DAI=1, Scell
	n_CCE+1, DAI=2, Scell

	Non cross-carrier scheduling
	n_CCE, DAI=1, Pcell
	n_CCE, DAI=2, Pcell
	ARI
	ARI
	n_CCE+1, DAI=1, Pcell
	n_CCE+1, DAI=2, Pcell
	ARI
	ARI


Table 3: Resource allocation for SORTD with SPS
	
	Antenna port 0
	Antenna port 1

	
	h0
	h1
	h2
	h3
	h0
	h1
	h2
	h3

	Cross-carrier scheduling
	SPS A/N 0
	n_CCE, DAI=1, Pcell
	n_CCE, DAI=1, Scell
	n_CCE, DAI=2, Scell
	SPS A/N 1
	n_CCE+1, DAI=1, Pcell
	n_CCE+1, DAI=1, Scell
	n_CCE+1, DAI=2, Scell

	Non cross-carrier scheduling
	SPS A/N 0
	n_CCE, DAI=1, Pcell
	ARI
	ARI
	SPS A/N 1
	n_CCE+1, DAI=1, Pcell
	ARI
	ARI


4 Conclusion 
This contribution considered the support of SORTD for PUCCH format 1b with channel selection. Enabling fallback operation is one main property and implicit allocation of channel resources is prioritized to minimize PUCCH resource overhead. 
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