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1 Introduction
The support of SORTD (Spatial Orthogonal Resource Transmit Diversity) for format 1b with channel selection has been discussed in a number of meetings., It has been confirmed that SORTD provides significant gain over single antenna transmission because the evaluation results from different companies [1]-[6] have demonstrated a gain between 0.8 and 1.6 dB depending on the used channel model and receiver. 
However, a few companies raised some concerns on the multiplexing capacity impact due to the additional resource overhead of supporting SORTD. As the resource overhead is related to the resource allocation scheme for SORTD, the conclusion for this issue from RAN1#63 was to revisit it after discussion on the resource allocation related issue ARI (ACK/NACK Resource Indicator) for channel selection. 
In this document, we propose that, for the SORTD resource allocation scheme, nCCE and nCCE+1 of each PDCCH transmitted on the PCell determine two implicit resources which are for different antenna ports respectively, and the remaining resources are explicitly assigned by ARI. With the ARI, we find no issue with the resource allocation for SORTD, and therefore propose that;
SORTD is supported as the TxD scheme for format 1b with channel selection in Rel-10.
2 Resource allocation scheme for SORTD 
The details of channel selection resource allocation for single antenna port are discussed in an accompanying contribution [7], in which ARI is proposed to be used for channel selection as well. To be compatible with single antenna port resource allocation, the resource allocation of SORTD should be based on the following three principles:

1. Implicit resource reservation on the PCell

For SORTD, nCCE and nCCE+1 of each PDCCH transmitted on the PCell are used to implicitly determine resources to improve the PUCCH  resource usage efficiency, and the remaining resources are explicitly indicated by the ARI in the PDCCH for PDSCH scheduling on the SCell when the implicit resources are not sufficient. 
2. No dynamic fallback to single antenna transmission
To avoid dynamic fallback to single antenna port from SORTD whenever a PDCCH is DTX or if there is PDCCH miss-detection, the resources obtained from a PDCCH (e.g., implicitly or by ARI) should be allocated to both antenna ports. Thus it can be guaranteed that there is always a resource for each antenna even if only one PDCCH is received. This implies that the nCCE and nCCE+1 resources from each PDCCH in PCell should be allocated to different antenna ports respectively, which is the same principle as for SORTD for format 1a/1b in case of dynamic scheduling.
3. Unambiguous resource allocation of the first antenna port
The set of resources used on the first antenna port is the same for both single antenna port operation and SORTD. In that way, the eNodeB could always make unambiguous detection assuming transmission from the first antenna port during periods where there is reconfiguration between single antenna port mode and SORTD. 
Based on the discussion, we propose that,

· nCCE and nCCE+1 of each PDCCH transmitted on the PCell are used to implicitly determine two resources, and the two resources should be allocated for two different antenna ports respectively

· The remaining resources are explicitly assigned by ARI in the PDCCH for SCell PDSCH scheduling
In Appendix, the details of the resource allocation with ARI for SORTD in case of 2~4 bits channel selection are contained.
3 Resource overhead of SORTD
As format 1b with channel selection is mainly optimized for the 2 CCs case and the FDD 2/3/4 bits ACK/NACK mapping table has been agreed, we will take 2 CCs carrier aggregation in FDD to illustrate how to allocate the additional 2, 3 and 4 resources needed for SORTD, for 2, 3 and 4 bits transmission respectively.
From Appendix, it can be seen that in case of cross-carrier scheduling, two resources can be derived from each PDCCH on the PCell by using nCCE and nCCE+1, and therefore four resources are obtained implicitly. These four implicit resources are sufficient for 2 bits channel selection with SORTD. However, 2 or 4 additional explicit resources would be needed for 3 or 4 bits channel selection with SORTD respectively. 
In case of non cross-carrier scheduling, there are only two implicit resources available which are derived from nCCE and nCCE+1 of  PDCCH on the PCell, and therefore 2/4/6 explicit resources derived from ARI of the PDCCH transmitted on SCell are needed for 2/3/4 bits channel selection with SORTD respectively. 
4 Multiplexing capacity
For the additional implicit resources, it does not imply any multiplexing capacity problems because the same principle (using nCCE and nCCE+1) has already been applied for the no carrier aggregation case. So these resources are basically obtained “for free” and it covers the 2 bits case in case of cross-carrier scheduling.  
For the up to 4 (with cross-carrier scheduling) or 6 (with non cross-carrier scheduling) additional explicit resources, resource reservation by RRC is used and these resources could be shared through an ARI by many users which is similar to SPS resource allocation in Rel-8. Also there is already the agreement as “Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC”. Even for the small number of UEs performing carrier aggregation simultaneously, only a part of UEs may use format 1b with channel selection. Furthermore, SORTD is configurable and up to eNodeB configuration, and it can be utilized for a few UEs that really need performance improvement, e.g. power limited or cell-edge scenario. 
Assuming 18 PUCCH resources per PRB, up to 4, 3 or 2 UEs could be multiplexed for 2/3/4 ACK/NACK bits, respectively. It is noted that Format 3 with SORTD always only can facilitate 2 UEs per PRB.  Furthermore, since Format 3 does not share resources with format 1a/1b/2/2a/2b, it anyway has an inherent smaller statistical multiplexing capability. All in all, we do not see the resource overhead as an issue for supporting SORTD for format 1b with channel selection. 
It is also noted that SORTD has already been agreed for Format 3. Since many Rel-10 FDD deployments may use 2 CCs, 4 ACK/NACK bits may be sufficient. It could therefore be envisaged that channel selection rather than Format 3 will be utilized in many cases. Thus having SORTD for Format 3 but not for channel selection could in practice lead to no ability for TxD for carrier aggregation in FDD.
5 Conclusion

In this document, a resource allocation scheme for SORTD is proposed and the multiplexing capacity is not seen as a problem caused by the resource overhead of SORTD. Hence considering the performance benefit of SORTD which is important for the power limited scenario, we propose that
· SORTD is supported as the TxD scheme for format 1b with channel selection.
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Appendix

P_nCCE: index of the first CCE (nCCE) of PDCCH corresponding to PDSCH on Pcell

S_nCCE: index of the first CCE (nCCE) of PDCCH corresponding to PDSCH on Scell

ARI    : TPC of the PDCCH corresponding to PDSCH on Scell is reused to indicate explicit resources
Table 1. Resource allocation for 2 ACK/NACK bits
	Antenna port
	Antenna port 0
	Antenna port 1

	Channel
	0
	1
	2
	3

	Cross-carrier scheduling from Pcell
	P_nCCE
	S_nCCE
	P_nCCE+1
	S_nCCE+1

	Non cross-carrier scheduling
	P_nCCE
	ARI
	P_nCCE+1
	ARI


Table 2. Resource allocation for 3 ACK/NACK bits
	Antenna port
	Antenna port 0
	Antenna port 1

	Channel
	0
	1
	2
	3
	4
	5

	Cross-carrier scheduling from Pcell
	P_nCCE
	ARI
	S_nCCE

	P_nCCE+1
	ARI
	S_nCCE+1

	Non cross-carrier scheduling
	P_nCCE
	ARI
	P_nCCE+1
	ARI


Table 3. Resource allocation for 4 ACK/NACK bits
	Antenna port
	Antenna port 0
	Antenna port 1

	Channel
	0
	1
	2
	3
	4
	5
	6
	7

	Cross-carrier scheduling from Pcell
	P_nCCE
	ARI 
	S_nCCE 
	ARI
	P_nCCE+1
	ARI 
	S_nCCE+1
	ARI

	Non cross-carrier scheduling
	P_nCCE
	ARI
	P_nCCE+1
	ARI





















































