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1. Introduction

In [1] there are several agreements for multi-antenna transmission on PUCCH with format 1/1a/1b:

· Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied

· The same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas

· Resource allocation is FFS 

· In the case of 4-TX antennas, 2-tx transmit diversity scheme is applied.
In this paper we discuss the resource allocation for SORTD on PUCCH Format 1/1a/1b.  

2. Discussion 
In LTE release 8 the resource allocation for PUCCH formats 1/1a/1b is two-fold:
· For the ACK/NACKs of dynamically scheduled data using formats 1a/1b, the ACK/NACK resource is derived implicitly. The PUCCH resource depends on the index of the lowes index of the PDCCH corresponding to the data packet.

· For the Scheduling Request as well as ACK/NACKs of semi-persistently scheduled data the PUCCH resource is signaled explicitly using RRC configuration

We do not see any need to change the basic setting in LTE-Advance with UL multi-antenna transmission and SORTD. Implicit mapping, when applicable, is an efficient way of avoiding excessive UL overhead due to static resource allocation when there is a large number of active UEs in the cell.
For the case of implicit signaling, it is only natural that the PUCCH resource for the first antenna (port) is derived exactly in the same way as in LTE Rel-8. This is necessary to optimize the reuse of any existing eNodeB scheduling and resource allocation functionality. Furthermore, in order to maintain the full benefits if implicit PUCCH resource allocation, also the resource for the second resource should be derived implicitly. The simplest way to achieve this is to derive the resource for the second antenna from the resource used for the first antenna with some predefined mapping rule (exact details FFS). There can also be some degree of (RRC) configurability to ensure the mapping fits well to the main different scenarios.

When the PDCCH used for scheduling the dynamic data consists of two or more CCE, it is fairly straightforward to find unused resource for the second antenna. However, with 1 CCE the situation is different as this will result in more dense occupation of PUCCH.  On the other hand, it is rather obvious that when one CCE is sufficient to guarantee DL coverage, there should not be major issues with the UL coverage either. In the Figure 1 in the APPENDIX, the performance of SORTD is compared with single antenna transmission.  As can be seen, the gain from SORTD over single antenna transmission is only moderate.  Because SORTD consumes two times more PUCCH resources than single antenna transmission, we see that there is no reason to support SORTD in all the cases. A good compromise for dynamically scheduled data would be that SORTD is supported only when the number of PDCCH CCEs is two or more, while with one CCE single antenna port transmission is applied.
 Therefore we propose as follows:
· Similarly as in LTE Release 8, in the case of dynamically scheduled data, the ACK/NACK resource is based on the first (lowest) CCE (control channel element) of PDCCH (implicit mapping). 

· In LTE Rel. 8, the possible values for the number of CCEs to construct PDCCH equals to 1, 2, 4 and 8. 
· First transmit antenna utilizes the ACK/NACK channel corresponding to the lowest CCE index
· Resource for second  antenna is derived from resource for  first antenna
· SORTD is not supported when only 1 CCE is being used (i.e. single antenna port mode is applied )
· In the case of persistently scheduled data and Scheduling Request, higher layer signaling similarly as with Release 8 is used to configure the applied ACK/NACK channel(s). 

· Usage of SORTD is up to scheduler, i.e. the scheduler may configure to use either one or two resources
3. Conclusion
In this contribution we have discussed the resource allocation for PUCCH formats 1/1a/1b:
· First transmit antenna utilizes the ACK/NACK channel corresponding to the lowest PDCCH CCE  and the resource for second antenna is derived relative to that 

· SORTD is not supported when only 1 CCE is being scheduled (i.e. single antenna port mode is applied )

· In the case of persistently scheduled data and SR, higher layer signalling is used to configure the applied ACK/NACK channel(s). 

The benefit of proposal is that it does not increase either PDCCH or PUCCH overhead but still enjoys benefits of SORTD when necessary.
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Figure 1 ACK Missed Detection as a function of SNR, ACK False Alarm rate 1 %
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