[image: image1.wmf]25

=

DL

RB

N


[image: image8.wmf]-20

-18

-16

-14

-12

-10

-8

10

-4

10

-3

10

-2

10

-1

Es/Nt per tone (dB)

bit error rate (BER)

zero-threshold dual state decoding, in AWGN

 

 

user No.2 of 18 users all with equal power

user No.2 of 18 users with +/-3dB power offset

single user


6

3GPP TSG-RAN WG4 #47
R4-081038
May 5th – 9th, 2008
Kansas City, U.S.A.

Agenda item:
6.1.4.4
Source: 
Qualcomm Europe

Title: 
eNB PUCCH Multi-user Performance
Document for:
Discussion
1
Introduction
In [3],[7], a proposal was given for a multi-user PUCCH ACK channel performance test.  The purpose of this test is to test the ACK demodulation performance in a real environment where the ACK resources are efficiently utilized.  In this document, we provide initial simulation results. 
2
Proposed Test Configuration 

One of the issues to be resolved is to determine the feasibility of the test configuration setup.  It was proposed to divide the users into three groups so that in the actual test, small number of channel faders can be maintained.  

In order to further simplify the test setup, we set the time delay offsets to zero for all simulated users, which is a change from the original proposal [3],[7].  

The following test configuration was used in the simulations. 

· 5MHz DL system BW, 
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user No.2 P(DTX->ACK) all with equal power

user No.2 P(ACK error) all with equal power

user No.2 P(DTX->ACK) with +/-3dB power offset

user No.2 P(ACK error) with +/-3dB power offset

user No.0 P(DTX

>

ACK) with +/-3dB power offset

user No.0 P(ACK error) with +/-3dB power offset


· Persistent DL scheduling with L3 signalled UL ACK channelization assignment 

· Resource assignment hopping at slot boundary 
· DM-RS sequence index hopping: disabled

Cell-specific sequence index hopping was not simulated since it has no impact on the simulation results. 
The SRS parameters are defined in the table below.
	Parameter
	Value

	SRS transmission cycle
	10 ms

	SRS transmission bandwidth
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In the simulations, realistic channel estimation and realistic Nt estimation was used. 

3 Simulation Results

The initial simulation results are shown in Figures 1 through 4 below. 

The resource assignment for users #0 and #2 is described in the Annex.  Note that whenever power offsets are enabled, user #0 is received at -3dB power offset while user #2 is received at the nominal 0dB power offset.  Due to this, it is expected that user #0 will exhibit the worst case performance.   

[image: image3]
Figure 1  PUCCH decoding error rate, 18 users, AWGN, zero threshold decoding (Pr(DTX->ACK)=50%)

[image: image4]
Figure 2  PUCCH decoding error rate, 18 users, AWGN, non-zero threshold (target Pr(DTX->ACK)=1%)

[image: image5]
Figure 3  PUCCH decoding error rate, 18 users, ETU70, zero threshold decoding (Pr(DTX->ACK)=50%)

[image: image6]
Figure 4  3  PUCCH decoding error rate, 18 users, ETU70, non-zero threshold (target Pr(DTX->ACK)=1%)

As it can be seen form Figure 4, the target DT->ACK error rate cannot be met with 18 simultaneous users.  Therefore we need to consider either enhanced receiver algorithms or restrictions on the number of supportable users.  This reinforces the need for adding the proposed multi-user test to verify that the PUCCH resources are efficiently utilized by the eNB.  This test can check that the eNB implements the necessary algorithms to protect the DTX ( ACK false alarm rate in the presence of multi-user interference.   

3. Proposed 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

3 Conclusion

Muti-user PUCCH test results were presented. It was found that supporting 18 users with the existing test setup is problematic.  Either the use of an advanced reference receiver algorithms or reducing the number of supportable users need to be considered.  This reinforces the need for adding the proposed multi-user test in order to verify that the PUCCH resources are efficiently utilized by the eNB.  
In order to simplify the test setup, the simulations assumptions were changed to use zero relative time offset between UEs and only PUCCH format 1a with TU70 channel was simulated. 
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ANNEX

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.  The resource hopping is according to [6]. 
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
A summary of simulation/test assumptions is shown in Table 5 below. 
	Configuration Parameter
	Value

	Number of PUCCH channels
	18

	PUCCH format
	1a (BPSK)

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

	Relative timing
	0ns

	Channel model
	TU70

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

	DM RS sequence hopping
	Disabled


Table 5
 Simulation Assumptions
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P(DTX->ACK) all with equal power

P(ACK error) all with equal power

P(DTX->ACK) with +/-3dB power offset

P(ACK error )with +/-3dB power offset
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