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1. Introduction

In RAN4#47, it was agreed to specify multi-user performance test for PUCCH Format 1.  This is done to ensure proper eNB performance, especially the DTX to ACK false alarm, under typical deployment scenarios where multiple users are transmitting acknowledgments simultaneously.  This contribution proposes the simulation parameters and provides initial results for multi-user performance.
2. Simulation Configurations
The following simulation parameters and set-up are presented for consideration.

PUCCH Format: It is proposed that PUCCH Format 1a (BPSK) be used as performance requirement for the single user case has been defined for this format.
Cyclic Prefix Length: It is proposed that the performance test be defined for both normal and cyclic prefix length.

Number of ACK/NACK:  From [1], the maximum number of simultaneous acknowledgements is based on the cyclic shift length which is configured by higher layers according to
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As a result, for normal CP, 12, 18, or [36] acknowledgements may be supported in one resource block while for extended CP, 8 or 12 acknowledgements may be supported in one resource block.  However, typically the number of acknowledgements per resource block is significantly smaller than the maximum.  It is therefore proposed that 
· For normal CP, one desired and three interfering users are used.
· For extended CP, one desired and two interfering users are used.
This provides ACK/NACK utilization rate of 22% and 25% for the normal and extended cyclic prefix, respectively.

Propagation Channel: It is proposed that ETU70 channel model be used [2].
Number of Antennas: It is proposed that results be provided for 1Tx/2Rx and 1Tx/4Rx antenna configurations.

Interfering Users:  The PUCCH resource index is mapped to specific cyclic shift offset and orthogonal cover.  In general, interference among different cyclic shifts depends on the channel delay spread, while interference among different covers depends on the Doppler spread.  Therefore, the interfering users should use the following ACK/NACK channelization sequence
· Same cyclic shift, different orthogonal sequence

· Different cyclic shift, same orthogonal sequence

· Different cyclic shift, different orthogonal sequence

Note that for extended CP, the first bullet point above is not possible.  Since interference from adjacent cyclic shifts will be strongest, it is proposed that those shifts be used.  Note that interfering users experience independent channels from the desired user.
Power Offset:  It is proposed that power offset of 3 dB be used. This will provide some bounded results with power control error as well as approximates the additional performance degradation when PUCCH utilization is higher.  Preliminary results with 0 and 3dB power offset are shown in Figure 1.  Performance with 3dB power offset is approximately 1dB worse than with 0dB power offset at the point of interest.
Timing Offset:  It is proposed that timing offset of 0 be used [2].  Preliminary results show that performance does not degrade significantly with timing offset of ±1 us as shown in Figure 1.  Therefore, it is proposed not to have time delay offset in order to simplify the test. 
PUCCH Format 1 parameters:
The ACK/NACK sequence is generated according to Section 5.4.1 of [1] while the demodulation reference signal is generated according to Section 5.5.2.2 of [1].  Cell specific offset and index hopping are disabled since they are not expected to affect the results. The following parameters are proposed to be used in the simulations. 
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Normal CP

Table 1. Parameters for desired user (normal CP).

	ACK/NACK cyclic shift 

[image: image4.wmf])

(

s

n

a


	ACK/NACK orthogonal cover 
[image: image5.wmf])

(

s

oc

n

n


	RS orthogonal cover 


[image: image6.wmf])

(

s

oc

n

n


	Power offset

(dB)

	
[image: image7.wmf]RB

sc

4

2

N

×

p


	0
	0
	0


Table 2. Parameters for interfering users (normal CP).
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Extended CP

Table 3. Parameters for desired user (extended CP).
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Table 4. Parameters for interfering users (extended CP).
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3. Performance Requirements
The same PUCCH performance requirements as in the single-user case should be used for the multi-user case as follows - P(DTX→ACK) < 1%, P(NACK→ACK) < 0.01%, and P(ACK→NACK) < 1%.  As with the single user case, it is proposed that only required SNR to achieve ACK missed detection be specified.
4. Preliminary Simulation Results

Preliminary simulation results using the proposed test set-up are shown in Figure 1.  From the results, it is seen that approximately additional 2-3 dB over single-user result is required to satisfy the performance requirements outlined in the previous section.
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Figure 1.  Performance of multi-user PUCCH format 1. 
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