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1. Introduction
The support of uplink Tx diversity for channel selection has been discussed [1-3] and we observe Tx diversity can provide significant gain over channel selection using a single antenna port [1]. Therefore, we recommend that transmit diversity for channel selection should be supported in LTE-A. In this document, from another aspect, we discuss PUCCH resource allocation to support the Tx diversity in channel selection. 
2. Amount of the required PUCCH resource
As discussed in [1], several approaches were proposed to support Tx diversity in channel selection. The proposals fell into two categories. 
The first approach is to apply SORTD as transmit diversity after the PUCCH resource for the first antenna is determined for channel selection.  The PUCCH resource for the second antenna is derived from the PUCCH resource information for the first antenna. Since all PUCCH resource for the first antenna is selected based on ACK/NACK combinations, using SORTD as transmit diversity would require the number of PUCCH resources be double that of the number of PUCCH resources required for the single antenna. For example, to support 4 ACK/NACK bits, 8 PUCCH resources are required. 
On the contrary, there are other approaches that do not require additional PUCCH resources on top of the ones required to support channel selection with a single antenna. For example, to support 4 ACK/NACK bits, 4 PUCCH  resources are required. In order to support Tx diversity, a different PUCCH resource should always be selected for the second antenna than the PUCCH resource for the first antenna. The PUCCH resource used for the second antenna is derived from the PUCCH resource for the first antenna among 4 PUCCH resources or the PUCCH resource used for the second antenna can be defined in a mapping table independently from the PUCCH resource for the first antenna. As shown in [1], the performance of such approaches is comparable to the first approach. In addition, we can obtain additional gain by exploiting reference symbol selection or slot coding.  Therefore, we recommend that transmit diversity schemes for channel selection that do not increase of the number of PUCCH resources over what is needed for single antenna transmission should be supported in LTE-A. 

Proposal 1: No additional PUCCH resources should be required for supporting such transmit diversity.  
3. PUCCH resource allocation

Although in preferred schemes as described above, the number of PUCCH resources for channel selection with Tx diversity is the same as channel selection with a single antenna, PUCCH resource can be allocated in different ways because the second resource allocated for the second antenna could also be implicitly determined from the CCE index according to the following agreement in RAN1 #62 meeting. 
At least for the case of non-channel-selection:

· Adopt Alt 1 (i.e. SORTD is always on if configured by (i.e. by RRC)) with second resource being determined from n_CCE+1.
For example, when 2 CCs are configured and 2 transport blocks (TBs) are supported on each CC (i.e. up to 4 ACK/NACK bits are to be transmitted), 4 PUCCH resources (
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)  are required for channel selection with Tx diversity.  In this case, depending on whether cross carrier scheduling is enabled or not, a different resource allocation mapping would be possible. 
· When cross carrier scheduling is enabled (i.e.  PDCCH of 2 CCs are transmitted on PCell), all PUCCH resources could be determined with an implicit method as follows. 
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· When cross carrier scheduling is disabled (i.e.  PDCCH of the PCell is transmitted on the PCell and PDCCH of an SCell is transmitted on the SCell), two PUCCH resources are determined with the implicit method and two PUCCH resources are explicitly allocated. 

· 
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The benefit of this approach is to reduce the number of PUCCH resource to be explicitly allocated and consequently, it improves the PUCCH resource utilization. 

Proposal 2: In case of channel selection with Tx diversity, the second resource should be determined from n_CCE+1.
One issue is the proposed PUCCH resource allocation method may be affected by the actual number of detected PDCCHs. Even if the number of configured CCs is 2, the UE may detect only one PDCCH when a PDSCH on one CC is scheduled or the UE may miss one of the PDCCHs when two PDSCHs are scheduled. In this case, since all PUCCH resources allocation is determined upon the detection of corresponding PDCCH, there is no way for the UE to determine all of the allocated PUCCH resource if the UE could not detect one of the PDCCHs. 
However, depending on the proposed mapping table for channel selection Tx diversity, it may or may not lead to a problem when the UE does not know the allocated PUCCH resources due to the missing detection of one PDCCH. Table 1 shows a mapping table candidate for channel selection with Tx diversity as proposed in [1]. It is noted that the ACK/NACK bit positions are remapped for the convenience of the explanation. Let us assume b0 and b1 are the ACK/NACKs for the PCell and b2 and b3 are the ACK/NACKs for an SCell. In addition, we also assume that resource Ch#0 and Ch#1 are implicitly signalled by PDCCH for PCell and resource Ch#2 and Ch#3 are implicitly signalled by PDCCH for SCell. If the UE detects the PDCCH for the PCell only, the UE is not able to determine Ch#2 and Ch#3 because these PUCCH resources are allocated with the PDCCH for SCell. In this case, since (b3, b2) are indicated by (0,0) to represent DTX of the SCell, and only Ch#0 and Ch#1 will be used.  Therefore, there is no problem in transmitting ACK/NACK information even if Ch#2 and Ch#3 are not allocated. On the contrary, when the UE misses the detection of  PDCCH of the PCell (i.e. (b0, b1) = (0,0)), all PUCCHs resources may need to be selected depending on the ACK/NACK bits of the SCell as highlighted in red in Table 1. Since the UE is not able to know the PUCCH resources mapped to the PDCCH of the PCell (Ch#0 and Ch#1), this mapping table would not work well with the above suggested PUCCH resource allocation. To resolve the situation, additional PUCCH resources may need to be explicitly signalled to be used when the UE detects the PDCCH of an SCell only.
Alternatively, it is also possible to design a mapping table to not use Ch#0 and Ch#1 when the UE misses the PDCCH of the PCell.  As shown in Table 2, when the UE misses the detection of PDCCH of PCell (i.e. (b0, b1) = (0,0) ) and when the SCell ACK/NACK bits are not all Nacks (i.e. (b2,b3) ((0,0)) Ch#2 and Ch#3 are selected. Therefore, there is no problem in this case, since the UE will have received the PDCCH for the SCell and will therefore be able to determine Ch#2 and Ch#3.  However, if the PDCCH of the PCell is also missed by the UE (i.e. (b0, b1) = (0,0) ) and the ACK/NACKS of the SCell are all Nacks (i.e. (b2,b3) =(0,0)), according to Table 2, the UE should transmit on Ch#0 and Ch#1 even though it is not able to determine them.  One simple solution for this issue is to signal DTX when the PDCCH of the PCell is not received and the SCell ACK/NACK bits are all Nacks.  With this solution, PUCCH resource is never used when the PDCCH for PCell is not received and (b2,b3) =(0,0).   It should be noted that this issue also exist in the mapping scheme proposed in Table 1.
Table 1: RSTD Code #2: SCBC of [2]
	A/N bits
	Antenna port#0
	Antenna port#1

	 b3
	b2
	b1
	b0
	 Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0,s0,r
	　
	　
	　
	
	s2,s2,r
	
	　

	0
	0
	0
	1
	s1,s1,r
	　
	　
	　
	
	s3,s3,r
	
	　

	0
	0
	1
	0
	s2,s2,r
	　
	　
	　
	
	s0,s0,r
	
	　

	0
	0
	1
	1
	s3,s3,r
	　
	　
	　
	
	s1,s1,r
	
	　

	0
	1
	0
	0
	　r
	s0,s0
	
	　
	s1,s1
	　r
	　
	

	0
	1
	0
	1
	　r
	s1,s1
	
	　
	s0,s0
	　r
	　
	

	0
	1
	1
	0
	　r
	s2,s2
	
	　
	s3,s3
	　r
	　
	

	0
	1
	1
	1
	　r
	s3,s3
	
	　
	s2,s2
	　r
	　
	

	1
	0
	0
	0
	　r
	　
	s0,s0
	　
	
	　r
	
	s2,s2

	1
	0
	0
	1
	　r
	　
	s1,s1
	　
	
	　r
	
	s3,s3

	1
	0
	1
	0
	　r
	　
	s2,s2
	　
	
	　r
	
	s0,s0

	1
	0
	1
	1
	　r
	　
	s3,s3
	　
	
	　r
	
	s1,s1

	1
	1
	0
	0
	　r
	
	　
	s0,s0
	
	　r
	s1,s1
	

	1
	1
	0
	1
	　r
	
	　
	s1,s1
	
	　r
	s0,s0
	

	1
	1
	1
	0
	　r
	
	　
	s2,s2
	
	　r
	s3,s3
	

	1
	1
	1
	1
	　r
	
	　
	s3,s3
	
	　r
	s2,s2
	


Table 2: RSTD Code #6 RS and Time Coding For Pair Wise Resource Allocation[1]
	A/N bits
	Antenna port#0
	Antenna port#1

	 b3
	b2
	b1
	b0
	 Ch#0
	Ch#1
	Ch#2
	Ch#3
	Ch#0
	Ch#1
	Ch#2
	Ch#3

	0
	0
	0
	0
	s0,s0,r
	　
	　
	　
	　
	s2,s2,r
	
	

	0
	0
	0
	1
	s1,s1,r
	　
	　
	　
	　
	s1,s0,r
	
	

	0
	0
	1
	0
	s2,s2,r
	　
	　
	　
	　
	s0,s1,r
	
	

	0
	0
	1
	1
	s3,s3,r
	　
	　
	　
	　
	s3,s3,r
	
	

	1
	1
	0
	1
	
	s0,s0
	　r
	　
	
	　r
	s2,s2
	

	0
	1
	0
	1
	
	s1,s1
	　r
	　
	
	　r
	s1,s0
	

	0
	1
	1
	0
	
	s2,s2
	　r
	　
	
	　r
	s0,s1
	

	0
	1
	1
	1
	
	s3,s3
	　r
	　
	
	　r
	s3,s3
	

	1
	1
	1
	0
	　r
	　
	
	s0,s0
	s2,s2
	
	
	　r

	1
	0
	0
	1
	　r
	　
	
	s1,s1
	s1,s0
	
	
	　r

	1
	0
	1
	0
	　r
	　
	
	s2,s2
	s0,s1
	
	
	　r

	1
	0
	1
	1
	　r
	　
	
	s3,s3
	s3,s3
	
	
	　r

	1
	1
	0
	0
	
	
	s0,s0,r
	
	
	
	　
	s2,s2,r

	0
	1
	0
	0
	
	
	s1,s1,r
	
	
	
	　
	s1,s0,r

	1
	0
	0
	0
	
	
	s2,s2,r
	
	
	
	　
	s0,s1,r

	1
	1
	1
	1
	
	
	s3,s3,r
	
	
	
	
	s3,s3,r


Proposal 3: it is recommended that the mapping table should be designed such that the PUCCH resource is not used when the corresponding PDCCH to derive them is not detected. Otherwise, additional PUCCH resource needs to be used when the UE detects only PDCCH for SCell. 
4. Conclusion

· In this document, we discuss PUCCH resource allocation to support Tx diversity for channel selection. Based on discussion in Section 2 and Section 3, we recommend: 

· Proposal 1: the number of PUCCH resources for channel selection with Tx diversity is equal to the number of PUCCH resources for channel selection with single antenna port transmision.
· Proposal 2: in case of channel selection with Tx diversity, the second resource should be determined from n_CCE+1.
· Proposal 3: it is recommended that the mapping table should be designed in the way that the PUCCH resource is not used if the corresponding PDCCH is not detected. Otherwise, additional PUCCH resource needs to be defined for use when the UE detects only one grant. .
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