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1
Introduction
The current requirement proposal [1] for the PUCCH detection by the eNB assumes a single user’s transmission on the PUCCH.  Given that there are a number of UEs code multiplexed on a single PUCCH, the real performance may be different from what the test results would imply. 
In static AWGN conditions, the different UEs’ signals are orthogonal to each other, so in this case the single user test is adequate. However, for high delay spread or high Doppler channels, the cyclic shift orthogonality or Walsh cover orthogonality would diminish, respectively.  This has an impact on ACK detection performance.  

It is especially important that the eNB’s ACK detection threshold is appropriately adjusted according to the multi-user interference in order to keep the DTX ( ACK and NAK ( ACK false alarm rates below the target. This would not be tested with a single user test.     
2
Proposed Test Configuration 

A potential issue with multi-user PUCCH tests is test equipment complexity.  If we wanted to model 18 simultaneous ACK transmissions accurately, we’d need 18 independent channel faders. The cost of this is probably prohibitive.  

A reasonable compromise could be to group a number of UEs, add their PUCCH transmission together and pass their combined signal through the same channel fader. For example, we can divide 18 UEs into 3 groups of 6 UEs in each. The PUCCH transmissions of 6 UEs within a group would be combined before the fader.  This would require a total of three channel faders.  

This solution is a little bit optimistic because the PUCCH signals passing through the same fader preserve mutual Walsh cover orthogonality better than they would in a practical situation; but overall it looks to be a reasonable compromise.  

2.1 Detailed Configuration
Let’s denote the PUCCH channel index 
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The PUCCH resource allocation in the first slot based on [2] is according to Table 1 below. 

Note that due to resource hopping, the association of PUCCH channels with PUCCH resources will change after the initial slot according to the hopping pattern.  
Here we denote by k the PUCCH channels, not the PUCCH resources.  
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Table 1
 Resource allocation for the case of 18 ACK/NACK channels with normal CP from R1-080035 [2]
The association of PUCCH channels and faders are according to Table 2 below.
	Fader
	k

	A
	0, 3, 8, 11, 13, 16

	B
	1, 4, 6, 9, 14, 17

	C
	2, 5, 7, 10, 12, 15


Table 2
 PUCCH channel mapping to faders
In order to model power control errors, a power offset is assumed between PUCCH channels according to Table 3 below. 

	Power Offset (dB)
	k

	-3
	0, 3, 7, 10, 12, 15

	0
	2, 5, 6, 9, 14, 17

	3
	1, 4, 8, 11, 13, 16


Table 3
 PUCCH channel power offset
In order to model timing errors, a delay offset is assumed between PUCCH channels according to Table 4 below. 

	Time Offset (ns)
	Fader
	k

	0
	A
	0, 3, 8, 11, 13, 16

	+250
	B
	1, 4, 6, 9, 14, 17

	-250
	C
	2, 5, 7, 10, 12, 15


Table 4
 PUCCH channel time offset
A summary of simulation/test assumptions is shown in Table 5 below. 

	Configuration Parameter
	Value

	Number of PUCCH channels
	18

	PUCCH format
	1 (QPSK)

	Relative power 
	0dB, -3dB, +3dB

	Relative timing
	0ns, -250ns, +250ns

	Channel model
	TU70, AWGN300

	Signal probability
	ACK: 80%, NAK: 10%, DTX: 10%


Table 5
 Simulation Assumptions
2.1 Performance Requirement

The ACK detection requirement should ensure that for each individual PUCCH ACK channel, the following target error rates are not exceeded:

· ACK ( ~ACK (DTX or NAK) :  1%

· DTX ( ACK :   1%

· NAK ( ACK :  0.01%

· NAK ( DTX :  No requirement

· DTX ( NAK :  No requirement

In the error rate evaluation, each MIMO ACK channel is counted separately.  
3 Conclusion

Muti-user PUCCH tests were proposed.  It is recommended that the feasibility of the proposed test is evaluated. It is also important to verify that the proposed test configuration is supported by the eNB implementations.  If it is not supported that the test configuration should be defined n a flexible manner so that it can be applied to any resource allocation scheme the eNB may support. 
. 
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