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1. Introduction

This is the supporting document for R5-086164 [1]. It describes the details of the investigation into combinations of Channel Bandwidth, Modulation and Resource Blocks to meet the requirements of the Out of Band Emission test cases when MPR applied. The investigation looked at each combination in Table 1-1 below, which was agreed as a starting point in RAN5#41 in Prague [2].

Table 1-1: Combinations of RBs and MPR for Out of band emissions test cases for power class 3
	Modulation
	Allowed MPR (dB)
	Channel bandwidth / # of RBs
	Measurement points in each bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	QPSK
	0
	5
	4
	8
	12
	16
	18
	Point A: QPSK, maximum RBs with MPR=0

	
	1
	full
	full
	full
	full
	full
	full
	Point B: QPSK, full RBs with MPR = 1

	16QAM
	1
	5
	4
	8
	12
	16
	18
	Point C:16QAM,maximum RBs with MPR=1

	
	2
	full
	full
	full
	full
	full
	full
	Point D: 16QAM, full RBs with MPR = 2


2. Channel Bandwidths 

2.1. Channel Bandwidth 1.4 MHz (Lowest supported channel bandwidth)
It is our understanding based on discussions at the RAN5 workshop on UE-LTE testing in Sophia Antipolis during April 2008 [3] that there is an agreement to limit the testing of the E-UTRA channel bandwidths to the lowest supported bandwidth, 5 MHz and the highest supported channel bandwidths. This was a carry over from the principle used for UTRA frequency bands applied to E-UTRA frequencies and also E-UTRA bandwidths. 

As it was the agreement to test lowest channel bandwidth then we carried out no further investigation.

2.2. Channel Bandwidth 3 MHz

Our investigations reported in section 2.3 showed that the 5 MHz is the worst case. Therefore we propose that as we test the lowest and the 5MHz channel bandwidth, testing of the 3MHz bandwidth is not necessary.
2.3. Channel Bandwidth 5 MHz

To identify worst case we used earlier work done in RAN4 [4] and looked at the above 4 points A, B, C & D marked in the resulting graphs for the 5MHz channel bandwidth.
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Figure 2-1:  Combinations of MPR, RB & Modulation at 5MHz Channel Bandwidth

From this we can see that for QSPK modulation at point A with 

· Allowed MPR = 0 dB
· RB = 8 (maximum for MPR = 0 dB) 

There is insufficient margin to allow Maximum Power Reduction as it corresponds to transmit with maximum output power. This is considered to be the worst case and needs to be included in the Conformance specifications.   
From this we can see that for QSPK modulation at point B with 

· Allowed MPR = 1 dB
· RB = Full 

There is margin to allow Maximum Power Reduction. However this margin is smallest for all the Channel Bandwidths so we consider that it needs to be tested and be included in the Conformance specifications.   
 From this we can see that for 16QAM modulation at point C with 

· Allowed MPR = 1 dB
· RB = 8 (maximum for MPR = 1 dB) 
There is margin to allow Maximum Power Reduction. However this margin is very small so we consider that it needs to be tested and be included in the Conformance specifications.   
From this we can see that for 16QAM modulation at point D with 

· Allowed MPR = 2 dB
· RB = Full 
There is sufficient margin to allow Maximum Power Reduction then we will not make any recommendations. 
2.4. Channel Bandwidth 10 MHz

To identify worst case we used earlier work done in RAN4 [4] and looked the above 4 points A, B, C & D marked in along the resulting graphs for the 10MHz channel bandwidth. 
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Figure 2-2:  Combinations of MPR, RB & Modulation at 10MHz Channel Bandwidth
From this we can see that for QSPK modulation at point A with 

· MPR = 0 dB
· RB = 12 (maximum for MPR = 0 dB) 

There is again as with the 5 MHz insufficient margin to allow Maximum Power Reduction. This is considered to be the potentially a worst case and needs to be included in the Conformance specifications.   

From this we can see that for QSPK modulation at point B with 

· MPR = 0 dB
· RB = Full 

There is margin to allow Maximum Power Reduction. However this margin is small compared with the Channel Bandwidths for 15MHz & 20 MHz so we consider that it needs to be tested and be included in the Conformance specifications. The graphs for Channel Bandwidths are included in Annex B of this document.

From this we can see that for 16QAM modulation at point C with 

· MPR =1 

· RB = 12 (maximum for MPR = 1 dB) 

There is margin to allow Maximum Power Reduction. However this margin is very small so we consider that it needs to be tested and be included in the Conformance specifications.   
The 10 MHz Channel bandwidth is outside the original agreement but we consider it necessary to include because: 
1) As described above the margins are low compare d with the higher channel bandwidth.
2) We also consider that it is very likely to be the most commonly deployed Channel Bandwidth and we know of Operators planning to roll it commercially at the start of LTE services.
2.5. Channel Bandwidth 15 MHz

For the 15 MHz Channel Bandwidth we will not make any recommendations. 
2.6. Channel Bandwidth 20 MHz (Highest supported channel bandwidth)

There is an agreement in principle to use this Channel Bandwidth. Please refer to section 2.1 for details. 
3. Supporting Information on Channel Bandwidths 

As a cross check we ran a further investigation on test point B by looking at the ACLR1 and ACLR2 values for the channel bandwidth 5MHz and 20MHz. The measured results given in the table below confirmed our earlier analysis. At point B there is a very small margin for the upper side when compared with point A. Therefore it must be measured to give confidence that LTE can co-exist. 
Table 3-1: Measurement results of ACLR for point A and point B
	
	5MHz
	20MHz

	
	ACLR 1
(Lower/Upper)
	ACLR 2
(Lower/Upper)
	ACLR 1
(Lower/Upper)
	ACLR 2
(Lower/Upper)

	Requirement
	-33dBc
	-36dBc
	-33dBc
	-36dBc

	Point A
	-35.44/-61.05
	-66.85/-69.37
	-35.47/-63.96
	-45.62/-66.15

	Point B
	-38.90/-37.94
	-54.97/-54.29
	-43.44/-40.10
	-47.76/-42.64


4. Modulation  

4.1. QPSK 

From the results in section 2 it is clear that all combinations for QPSK modulation must be tested because there is little or no margin.
4.2. 16QAM
From the results in section 2 it is clear the combination for 16QAM when MPR = 1 needs to be tested but not when MPR=2.
5. Resource Blocks & MPR  

5.1. Resource Blocks 

From the results in section 2 it is clear that all combinations of RBs must be tested for QPSK modulation because there is little or no margin. In the case of 16QAM there is no need to test full RB.
5.2. MPR
From the results in section 2 it is clear that all combinations for MPR must be tested for QPSK modulation because there is little or no margin. It is also clear that only MPR = 1 needs to be tested for 16QAM modulation.

6. Recommended Combinations

From the above investigation, it is proposed that not all but the following combinations need to be tested to maintain confidence that co-existence between LTE & other Radio Access Technologies without interference.
· Channel BW

· Lowest, 5MHz and Highest channel BW should be tested. 5MHz is found to be the worst case. 

· Channel BW 10MHz is highly recommended to be tested as it has very small MPR margin and will be the most common channel bandwidth.
· Modulation, RBs and MPR value

· QPSK, maximum RBs with MPR=0 (point A) should be tested as it was found to be the worst case.

· QPSK, full RBs with MPR = 1 (point B) should be tested as the margin for ACLR2 was small.
· 16QAM, maximum RBs with MPR=1 (point C) is highly recommended to be tested as the margin for MPR was small.
Example of the proposed combinations for Band 2, 3, 4, when all channel bandwidths are supported, are highlighted with yellow in Table 6-1 below.
Table 6-1: Example of proposed combinations for Band 2, 3, 4
	Modulation
	Allowed MPR (dB)
	Channel bandwidth / # of RBs
	Measurement points in each bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	

	QPSK
	0
	5
	4
	8
	12
	16
	18
	Point A: QPSK, maximum RBs with MPR=0

	
	1
	full
	full
	full
	full
	full
	full
	Point B: QPSK, full RBs with MPR = 1

	16QAM
	1
	5
	4
	8
	12
	16
	18
	Point C:16QAM,maximum RBs with MPR=1

	
	2
	full
	full
	full
	full
	full
	full
	Point D: 16QAM, full RBs with MPR = 2


It was noted that and the same trend was observed for Spectrum Emission Mask.
7. Recommendations 
These are our recommendations:

· Agreed the combinations presented in this and supporting document

· Assign responsibility for preparing CRs to the relevant test cases at the next RAN5#42 Meeting

· Agreed that there is a need for further study of the 15MHz 
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ANNEX A: Investigation method 
We reused the MPRs results for operating band 1 reported in document [4] to analysis test points A-D in each channel bandwidth. 

In document [4], to evaluate proper MPR to satisfy ACLR requirements, measurement of E-UTRA UL signals were made using an actual power amplifier. In the measurement, HSUPA signal with spreading factor of 4 and beta factors βc = 10, βd1 = 15, βec = 20, βed1 = 28 was used as Tx reference signal. Resource Blocks (RBs) are placed at the lower edge of the transmit band. 

Other conditions for the measurement, e.g. combinations of number of RBs and channel bandwidths, are summarized in Table AB1. In each condition, UL power was firstly set to +23dBm, i.e. maximum output power and reduced until the required ACP (Adjacent Channel Power) is satisfied. It should be noted that in this measurement, a certain implementation margin are incorporated.
Table A-1: Test conditions

	#
	Item
	Parameter
	Remarks

	1
	UE output power
	+23.0 dBm
	

	2
	UE operating band
	E-UTRA Band 1 (2GHz band, FDD)
	

	3
	ACLR requirements
	33 dB (-9dBm/3.84MHz @2.5MHz offset from the Tx band edge)

43 dB (-19dBm/3.84MHz @7.5MHz offset from Tx band edge)
	(ACP1)

(ACP2)

	4
	Channel BW
	5MHz
	10MHz
	15MHz
	20MHz
	

	5
	Number of resource blocks
	1,4 – 8, 10,15,20,25
	4－8,10,15,16,20,25, 30,35,40,45,50
	6, 8,10,12,15,18,
20-75 (Step 5)
	10-100(Step 5) 8,32
	

	6
	Modulation
	QPSK, 16QAM
	

	7
	Position of RBs
	Lower Edge of the Tx band
	

	8
	Time Windowing
	Raised Cosine, 12 samples
	

	9
	Power amplifier (PA)
	Real GaAs HBT-PA
	Capable to Rel-6 ACLR requirements


On the other hand, to measure the ACLR1 and ACLR2 values for bandwidth 5MHz and 20MHz, we used a power amplifier with LTE signal as Tx signal. The measurement results for test point B comparing to test point A are reported in Table 3.1.
ANNEX B: Results for 15 MHz and 20 MHz 
The resulted MPRs for 15 MHz & 20 MHz are also included below for information. The allowed MPR and test points A - D described are also marked in the graph. It should be noted that ACLR2 pointed to ACLR2bis requirement in the current specification, and would be out of the range of this document. 
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Figure B-1:  Combinations of MPR, RB & Modulation at 15MHz Channel Bandwidth

[image: image4]
Figure B-2:  Combinations of MPR, RB & Modulation at 15MHz Channel Bandwidth
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