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1. Introduction

At RAN WG1 #67, during the discussion of possible transmit diversity schemes for PUCCH format 1b with channel selection, the more general benefits of TxD for this format were again discussed It then turned out that a majority of companies actually didn’t see the clear benefit and preferred to reverse the working assumption from RAN WG1 #66bis:

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

As there are many proposed TxD schemes on the table, the conclusion was to continue the discussion and try to aim for a unified TxD scheme for both FDD and TDD before or at WG1#68. At that meeting, there was still no consensus on a unified scheme and again the question if there is any benefit was debated. The meeting was the concluded as follows:

· Continue discussion. Proponents are encouraged to show the motivation for introducing Txd for the format 1b channel selection case.  
In this contribution, the need for a TxD scheme for PUCCH Format 1b with channel selection is studied by analyzing the capacity and coverage for the existing single transmit antenna scheme.  

2. Potential benefits

A large number of contributions have been presented on the link performance of both TxD and SIMO transmission for channel selection. As a benchmark, the single antenna port transmission of Rel.10 was used and the required SINR using the RAN4 DTX definition for this scheme is shown in Table 1 below. 

Table 1 Required SINR for Rel.10 single antenna PUCCH format 1b with channel selection

	Number of bits
	Required SINR
	References

	2
	-7.5 dB to -9.7 dB
	[1,2,5]

	3
	-6.7 dB to -9.2 dB
	[1,2,5,6]

	4
	-6.2 dB to -8.4 dB
	[1,2,3,4,5,6]


If we assume SORTD performances to indicate what is ultimately achievable TxD link gain for this PUCCH format; the gain over Rel.10 single antenna port transmission seem for 4 bit transmission to be aligned in the range 0.8-1.5 dB for the diverse channel conditions and different receiver types used in [1-6]. Consequently, by choosing the highest value from Table 1, those UE which has a SINR larger than at least -6.2 dB will have SINR that meet the BLER requirements with a single transmit antenna port. 

Observation: UEs with PUCCH SINR larger than -6.2 dB for 4 bits and -7.5 dB for 2 bits meet PUCCH format 1b with channel selection BLER requirements with Rel.10 single antenna port transmission 
From the PUCCH SINR distribution for a common 3GPP channel scenario (find system simulator assumptions in the Appendix) shown in Figure 1, it is noted that at the cell edge it is possible to multiplex 5 and 6 UEs in a RB and still maintain a SINR equal to or larger than -6.2 dB and -7.5 dB respectively. 

The number of used resources (number of UEs transmitting) per RB is on average 9, 6 and 4.5 for 2, 3 and 4 bit A/N respectively for format 1b with channel selection if one assumes 
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 which is commonly used in non-zero delay channels. It should be noted however, when taking into account the inaccuracy in power setting for the UE (RAN4 requirements gives a UE power setting tolerance up to +/- 9 dB), it is unlikely that more than 5 PUCCH transmissions would be configured to be multiplexed in a PRB. 
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Figure 1 PUCCH SINR distribution, 3GPP Case 1 channel, open loop PC 

From these results, we conclude that the additional 0.8-1.5 dB SINR gain that SORTD would improve the link over single antenna port transmission will not bring any capacity benefit since the maximum number of multiplexed UEs in a RB is limited by other factors than the SINR.  The limiting factor for the PUCCH capacity in dispersive channels where 
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 is necessary, is thus not the SINR but either the inability to utilize all available cyclic shifts of the base sequence or the large tolerance in the power control from the UE requirements.

The additional 0.8-1.5 dB gain provided by the TxD could be beneficial to the coverage in case the PUCCH is the coverage limiting channel. Recent discussion and analysis [7] concluded however that the PUCCH is well balanced and not limiting. From the results in [7], it was assumed that PUCCH format 1a has a required SINR of -6.1 dB, which is roughly the same as is assumed here for 4 bit channel selection.  Based on these facts, we conclude that PUCCH is not coverage limited and there would therefore be no LTE UL coverage enhancement by introducing TxD for PUCCH format 1b with channel selection. 

3. Conclusion

No capacity and no coverage benefit has been identified by an introduction of transmit diversity for PUCCH format 1 with channel selection.  Therefore we propose to change the current working assumption and decide that

· Transmit diversity for PUCCH with format 1b with channel selection is not supported
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5. Appendix 

 System evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,

UE speed (km/hr)
	10 MHz, 3 km/hr

	SINR target PUCCH
	10 dB

	PUCCH Power control
	Open loop 

	Channel 
	3GPP Case 1, 3D model

	Fading 
	TU

	Channel
	1TX 2 RX

	Number of cells
	21

	Base sequence correlation
	1 (not modeled)
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