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1 Introduction
At the last meeting, a way forward for PUCCH transmit diversity scheme was discussed [1]. Although there were twelve co-signing companies of the way forward, it was not agreed. However, it is still a good starting point for the further discussion of PUCCH multiple antenna transmission, addressing the following:
· Multi-Tx UE can be configured to perform Rel-8 UL transmission
· Multiple-resource PUCCH for 2Tx:

· Rel-8 PUCCH Formats

· PUCCH format 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.

· Exact resource allocation is FFS. 

· FFS in case of DL assignment with 1CCE or SPS or format 1

· PUCCH format 2/2a/2b: FFS

· Multiple-resource PUCCH for 4Tx:

· 2Tx TxD with antenna virtualization is applied

· Antenna virtualization is transparent to a eNB
Some more elaboration and discussion about definitions and further motivations related to multiple antenna PUCCH transmission are needed and that is the topic of this contribution.

2 Discussion on multiple-resource Rel-8 PUCCH format 1/1a/1b transmission
When SORTD is applied for Rel-8 PUCCH format 1/1a/1b, the promising gain over SIMO has been shown in a number of contributions [2]~[5]. Due to the obvious performance gain and availability of multiple transmit antennas for Rel-10 UE, we share the same view as other companies that SORTD should be considered as a transmit diversity scheme at least for Rel-8 PUCCH format 1a/1b as described in [1]. However the cost for SORTD is that multiple orthogonal resources are needed. In the following, how to assign orthogonal resource in support of SORTD for different cases is discussed. 
The Rel-8 PUCCH format 1a/1b is used to transmit ACK/NACK in response to downlink PDSCH transmission. The transmission of format 1a/1b is based on the orthogonal sequence multiplexing, and the utilized orthogonal resource is linked to the index of the lowest CCE of PDCCH corresponding to the PDSCH provided that a PDCCH is present. As one PDCCH for a certain UE is comprised of a number of CCEs and each CCE implicitly correspond to one orthogonal resource, there is in general  multiple orthogonal resources available for the UE. In Rel-8, only one of these orthogonal resources is needed and the additional resources are left unused by the UE. 
In Rel-10, these unused orthogonal resources can be utilized to support SORTD for PUCCH format 1a/1b transmission, i.e. the required multiple orthogonal resources for SORTD are linked to the multiple CCEs of PDCCH.  For instance, if one PDCCH comprises four CCEs which correspond to four available orthogonal resources, the first two orthogonal resources can be used for transmitting format 1a/1b in the form of 2Tx SORTD.  
In the case when a PDCCH consists of a single CCE, the UE needs to fall back to single “antenna” transmission using only one orthogonal resource as a Rel-8 UE. Here, the single “antenna” can refer to physical antenna or virtualized antenna, which depends on how to map one orthogonal resource onto multiple physical antennas in a transparent way.
It can be observed that there will not be any impact on the capacity of PUCCH format 1a/1b when the required multiple resources for SORTD are linked to the CCEs of PDCCH since the previously unused orthogonal resources in Rel-8 system are utilized in Rel-10. 
In the absence of a PDCCH transmission as in semi-persistent scheduling (SPS), the orthogonal resources for format 1a/1b are allocated semi-statically via high layer signalling because there is no mapping relation between the CCE of PDCCH and orthogonal resources. The same issue also happens for format 1 (scheduling request). If SORTD is mandatory to be supported for format 1/1a/1b in the case of semi-static orthogonal resource allocation, at least two orthogonal resources for each UE need to be reserved. The number of reserved orthogonal resources for all the UEs would be increased about two times compared to Rel-8 system given supporting the same number of UEs, which will sacrifice the resource for PUSCH and degrade the spectrum efficiency of PUSCH. Therefore, there will be a trade off between the performance of PUCCH and PUSCH in Rel-10. In order to balance the performance of PUCCH and PUSCH, it is preferred that SORTD is not mandatory for PUCCH format 1 and format1a/1b in the absence of PDCCH, and eNB has freedom to decide the number of semi-static allocated orthogonal resources per UE.
The number of orthogonal resources that should be allocated for each UE depends on the channel condition, the number of available orthogonal resources, the load in the cell, etc. For example, if eNB knows that a certain UE has bad channel condition based on  uplink sounding reference signal, transmit diversity for format 1/1a/1b is needed for this UE to improve performance and the eNB can then allocate two orthogonal resources for this UE to support 2Tx SORTD.  
In summary, the views on the multiple orthogonal resource allocation for PUCCH format 1/1a/1b in support of SORTD are,

· Presence of PDCCH
· PDCCH comprises more than one CCE
· SORTD is employed in which the utilized orthogonal resources are linked to the CCEs of PDCCH.

· PDCCH comprises only one CCE

· Single “antenna” transmission
· Absence of PDCCH (SPS, format 1)

· The allocated orthogonal resource for each UE is controlled by eNB

· SORTD is employed if more than one orthogonal resource is allocated
· Single “antenna” transmission if only one orthogonal resource is allocated. 
3 Discussion on multiple-resource PUCCH for 4Tx
If SORTD is employed in the case of 4Tx antenna configuration, there are two alternative solutions; 4Tx SORTD or 2 Tx SORTD with antenna virtualization, which require four and two orthogonal resources respectively. It is questionable whether the gain of 4Tx SORTD over 2Tx SORTD is worth the cost of two additional orthogonal resources.
For 2Tx SORTD, most transmit diversity gain has already been obtained, giving 1~2 dB gain over SIMO [2]~[5].  It is expected that the additional diversity gain of 4Tx SORTD would be marginal at the cost of a doubling of the number of used orthogonal resources. In addition, given the same total transmission power, the channel estimation performance of 4Tx SORTD will be degraded compared to 2Tx SORTD.  It  is hence motivated to use 2Tx SORTD with antenna virtualization instead of 4Tx SORTD when there are four transmit antennas.
A performance comparison between 4Tx SORTD and 2Tx SORTD with antenna virtualization are summarized in Table 1, with the related simulation assumptions in Appendix I. 
Table 1 The required SNR [dB] to reach BER=10-3 for PUCCH format 1b.
	PUCCH transmission scheme
	Single UE
	Four UEs

	              4TX SORTD
	-7.3
	-7.0

	2TX SORTD with antenna virtualization 

(small delay CDD)
	-7.1
	-6.8

	2TX SORTD with antenna virtualization

             (PVS)
	-7.1
	-6.8


It can be observed that the gain of 4TX SORTD over 2TX SORTD with antenna virtualization is 0.2dB. Trading off this gain to the additional usage of orthogonal resources, it is not needed to define 4TX SORTD for Rel-8 PUCCH. 
It is an implementation issue how to transmit two orthogonal resources in the case of four antennas configuration, transparent to eNB if the control data and demodulation reference signal (DRS) use the same mapping. 
4 Conclusion
Based on the discussion about multiple antenna transmission for PUCCH in this document, there are the following proposals,
· In Rel-10, 2TX SORTD is supported for Rel-8 PUCCH format 1/1a/1b, and the allocation of orthogonal resources to support 2TX SORTD follows the principles below,   
· Presence of PDCCH

· PDCCH comprises more than one CCE

· 2TX SORTD is employed, in which the utilized two orthogonal resources are linked to the CCEs of PDCCH.

· PDCCH comprises only one CCE

· Single “antenna” transmission

· Absence of PDCCH (SPS, format 1)

· The allocated orthogonal resource for each UE is controlled by eNB

· 2TX SORTD is employed if two orthogonal resources are allocated

· Single “antenna” transmission if only one orthogonal resource is allocated.
· In Rel-10, 4TX SORTD is not needed for Rel-8 PUCCH format 1/1a/1b.  The transmission of two (or one) orthogonal resources over four antennas is an implementation issue, and the related DRS to antenna mapping schemes need not be standardized.
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Appendix I                                                        
Table 3   Simulation assumptions
	Parameter
	Value

	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Channel model
	ETU channel without correlation

	Velocity
	3km/h

	Antenna configurations
	2×2，4×2

	Channel estimation
	Realistic

	PUCCH format
	1b

	Frequency hopping at slot boundary
	Yes
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Appendix II      
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Fig.1 Single UE
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                                               Fig.2 Four UEs
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