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1
Introduction

With respect to Extended UMTS/LTE 1500 WI, A-MPR for Band 21 has not been defined and is still an open issue. In this contribution, we propose A-MPR for Band 21 to meet the additional spurious emission requirements specified in 6.6.3.3.4 in [1].
2 Brief recall
2.1 Relationship between Band 21 and additional spurious emission region
Figure 1 shows the relationship between operating band of both Band 21 and 11 and their additional spurious emission region. From the figure 1, it should be noted that we need to pay close attention to the gap of 13 MHz between the upper edge of Band 21 uplink and the lower edge of the additional spurious emission region. It is assumed that Band 11 duplexer would be designed considering the lower edge of Band 11 downlink which overlaps with the lower edge of the additional spurious emission region, therefore the UE which supports Band 11 is not required to define A-MPR. On the other hand, the duplexer of Band 21 would be designed without taking into consideration of the lower edge of spurious emission region. Thus, it would be difficult for the UE which supports Band 21 to obtain sufficient attenuation in the vicinity of 1475.9 MHz under extreme conditions. Even if we focus on obtaining some isolation at 1475.9 MHz as keeping generally required specs, it would be difficult to obtain enough it based on the estimation that the ration of the GAP(13 MHz) to the centre frequency(1469.4 = 1475.9 – 13/2) is only 0.88%. This would mean it’s much stringent   than that of Band 2 and 8. However, according to our estimate, the obtained value could be a few dB at 1475.9 MHz.

[image: image14.emf]
Figure 1: Relationship between Band 21 and spurious emission region
2.2  Additional spurious emission requirements for Band 21
According to [1], the additional spurious emission requirements are defined for the frequency range 1475.9 MHz ( f ( 1510.9 MHz as shown in Table 1, i.e., when the network signal “NS_[09]” is signalled in the cell, the power of any UE emission shall not exceed the levels defined in the table. These requirements also apply to the frequency ranges that are less than ΔfOOB defined in Table 6.6.3.1-1 of [1] from the edge of the channel bandwidth (CBW). From 2.1, it could be observed that it is quite difficult for Band 21 UEs to meet these requirements without some power reduction, i.e., some A-MPR would be needed to satisfy the requirements. In the following sections, we provide measurement results to derive minimum necessary A-MPR values for NS_[09].
Table1. Additional requirement

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5MHz
	10MHz
	15MHz
	

	1475.9 ≤ f ≤ 1510.9
	-35
	-35
	-35
	1 MHz


3 Outline of evaluation method
3.1 general conditions
To evaluate proper A-MPR to satisfy the above spurious emission requirements, measurements of leakage power were actually conducted under the test conditions as shown in Table 2. The measurement procedures are summarized below. It should be noted that unless otherwise stated, some certain implementation margins are incorporated in the measurement results.
1. For each CBW, the largest transmission resource blocks (RBs) are constantly assigned at the upper edge of the transmission band.
2. UE UL power is reduced in one dB step until the additional spurious emission requirements are satisfied.

3. After satisfying the spurious emission requirements, then, RBs are reduced.

4. The steps from 1 to 3 are repeated until the A-MPR is not needed for each CBW. 
Table 2: Test conditions

	#
	Item
	Parameter

	1
	UE operating band
	E-UTRA Band 21

	2
	Channel bandwidth
	10MHz
	15MHz

	3
	Carrier Frequency
	1452.9 MHz
	1455.4 MHz

	4
	Modulation
	QPSK, 16QAM

	5
	Position of RBs
	Upper Edge of the Tx band

	6
	IQ imbalance
	-28 dBc, (ref) -25 dBc

	7
	Resolution bandwidth
	100 kHz


3.2 Essential consideration on the conditions at the measurement boundary
As shown in Figure 2, when the UE which supports Band 21 transmit small number of RBs at the either CBW, it can be seen that we need to pay close attention to the third-order inter-modulation (IMD3) and its measurement conditions, since the centre of IMD3 is located just adjacent to the lower edge of the additional spurious emission region. It is noted that in the Figure 2, if the position of 1 RB signal is replaced by that of imbalance image, then CIM3 occurs at the same position of signal and image folded IMD3. However, from the A-MPR table for NS_07, it can be observed that in this case, signal and image folded IMD3 level would be higher than that of CIM3. Therefore, the CIM3 is not handled in this contribution.
In addition, the IMD3 has its certain bandwidth. Thus, not the whole but some part of it would fall into the additional spurious emission region. From these facts, its minimum necessary A-MPR would be highly affected by its measurement conditions at the measurement boundary. Therefore, to improve the measurement accuracy of PSD at the measurement boundary, the following conditions in 6.6.3 [1] are applied to its evaluation.
· To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
· For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

[image: image2]
Figure 2: signal and image folded IMD3
4 Evaluation results
4.1 For 15 MHz CBW
Figure 3 and 4 show the maximum leakage power in Rx band for each RB allocation in case of 15MHz CBW. From the results, it can be observed that some A-MPR is needed to satisfy the spurious emission requirements. Based on the results, the minimum necessary A-MPR is derived by investigating the boundary number of RBs for which the required A-MPR value changes. In each Figure, the boundary line A(blue) and B(pink) show the start points where from each point, A-MPR = 1 and 2 dB may be allowed to used to meet the spurious emission requirements respectively in the following ways. It should be noted that any attenuations at 1475.9 due to duplexer are not incorporated in the measurement results. 
· From the boundary line A (blue), A-MPR of 1 dB would be applied.

· From the boundary line B (pink), A-MPR of 2 dB would be applied.

It should also be noted that for small RBs cases, the results highly depend on the IQ imbalance value. Even if the IQ imbalance is set at -25 dBc, it can be seen that any A-MPR is not necessary. In addition, in commercial service, we believe that the IQ imbalance of -25 dBc is quite pessimistic and we can obtain at least -28 dBc at moderate estimate. Therefore, any A-MPR is not needed for small number of RBs case.
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Figure 3: PSD for QPSK                           Figure 4: PSD for 16QAM

4.2 For 10MHz CBW
Figure 5 and 6 show the evaluation results in case of 10 MHz CBW. From the results, it can be observed that some A-MPR for 10 MHz CBW is needed to satisfy the spurious emission requirements. A-MPR=1 dB may be allowed to used to meet the spurious emission requirements respectively in the following ways.

· From the boundary line A (blue), A-MPR of 1 dB would be applied.[image: image8.png]PSD (dBm/ 1 MHz)
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Figure 5: PSD for QPSK                           Figure 6: PSD for 16QAM

4.3 Comparison of Nokia simulation and NTT DOCOMO measurements
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Figure 7-a: DOCOMO measurements results                    Figure 7-b: Nokia simulation results
Figure 7: QPSK and 15 MHz CBW
As a final step, to validate the above results, we compare our measurement results as shown Figure 7-a with Nokia’s simulation results as shown in Figure 7-b. These two results are in excellent agreement with each other. However, it can be seen that some part of them is different. Specifically, from the Nokia’s result, when the number of RBs is more than 62 RBs, then A-MPR of 3 dB would be needed. 
4.4 Summary of the results

Based on the evaluation results reported in Figure 3 to 7, the required minimum A-MPR for each combination, number of RBs and CBW can be obtained and summarized in table 3.
Table 3 Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_[09]
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1

	
	
	
	
	> 50
	≤ 2

	
	
	
	
	> 62
	≤ 3


5 Conclusion
This contribution proposes Additional Maximum Output Power reduction for NS_[09]. Text proposal for sub-section 6.4.2.3 in TR[2] is also attached.
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6.4.2
Maximum output power with additional requirements

When “NS_[09]” is indicated in the cell, the power of any UE spurious emission shall not exceed the level specified in Table 6.4.3.2-1. In particular, based on the study in 6.3.2.2, the UEs which support Band 21 are allowed to use A-MPR as shown in Table 6.4.2-1 in addition to the allowed MPR requirements specified in clause 6.2.3 [13].
Table 6.4.2.-1 Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_[09]
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1

	
	
	
	
	> 50
	≤ 2

	
	
	
	
	> 62
	≤ 3


6.4.3.2 Additional spurious emissions

In case of 10 and 15 MHz channel bandwidth for Band 21, the frequency range 1475.9 MHz ( f ( 1510.9 MHz in clause 6.4.3.1 includes OOB domain up to 1475.9 MHz ( f ( 1482.9 MHz. However, the whole spurious range 1475.9 MHz ( f ( 1510.9 MHz shall be protected according to Japanese regulations [8]. Therefore, the additional spurious emission requirement should be specified for the frequency range 1475.9 MHz ( f ( 1510.9 MHz as the following.

When “NS_[09]” is indicated in the cell, the power of any UE spurious emission shall not exceed the level specified in Table 6.4.3.2-1.
Table 6.4.3.2-1: Additional requirement for extended LTE 1500

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement 
bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	

	1475.9 MHz  f  1510.9 MHz
	-35
	-35
	-35
	1 MHz


6.4.3.2.1
Relationship between Band 21 and additional spurious emission region
Figure 6.4.3.2-1 shows the relationship between operating band of both Band 21 and 11 and their additional spurious emission region. From the Figure 6.4.3.2-1, it should be noted that we need to pay close attention to the gap of 13 MHz between the upper edge of Band 21 uplink and the lower edge of the additional spurious emission region. It is assumed that Band 11 duplexer would be designed considering the lower edge of Band 11 downlink which overlaps with the lower edge of the additional spurious emission region, therefore the UE which supports Band 11 is not required to define A-MPR. On the other hand, the duplexer of Band 21 would be designed without taking into consideration of the lower edge of spurious emission region. Thus, it would be difficult for the UE which supports Band 21 to obtain sufficient attenuation in the vicinity of 1475.9 MHz under extreme conditions. Even if we focus on obtaining some isolation at 1475.9 MHz as keeping generally required specs, it would be difficult to obtain enough it based on the estimation that the ration of the GAP(13 MHz) to the centre frequency(1469.4 = 1475.9 – 13/2) is only 0.88%. This would mean it’s much stringent   than that of Band 2 and 8. However, according to our estimate, the obtained value could be a few dB at 1475.9 MHz.


[image: image4]
Figure 6.4.3.2-1: Relationship between Band 21 and spurious emission region

6.4.3.2.2
Outline of evaluation method
6.4.3.2.2.1 general conditions
To evaluate proper A-MPR to satisfy the above spurious emission requirements, measurements of leakage power were actually conducted under the test conditions as shown in Table 6.4.3.2-2. The measurement procedures are summarized below. It should be noted that unless otherwise stated, some certain implementation margins are incorporated in the measurement results.
1. For each CBW, the largest transmission resource blocks (RBs) are constantly assigned at the upper edge of the transmission band.

2. UE UL power is reduced in one dB step until the additional spurious emission requirements are satisfied.

3. After satisfying the spurious emission requirements, then, RBs are reduced.

4. The steps from 1 to 3 are repeated until the A-MPR is not needed for each CBW. 

Table 6.4.3.2-2: Test conditions

	#
	Item
	Parameter

	1
	UE operating band
	E-UTRA Band 21

	2
	Channel bandwidth
	10MHz
	15MHz

	3
	Carrier Frequency
	1452.9 MHz
	1455.4 MHz

	4
	Modulation
	QPSK, 16QAM

	5
	Position of RBs
	Upper Edge of the Tx band

	6
	IQ imbalance
	-28 dBc, (ref) -25 dBc

	7
	Resolution bandwidth
	100 kHz


6.4.3.2.2.2 Essential consideration on the conditions at the measurement boundary
As shown in Figure 6.4.3.2.-2, when the UE which supports Band 21 transmit small number of RBs at the either CBW, it can be seen that we need to pay close attention to the third-order inter-modulation (IMD3) and its measurement conditions, since the centre of IMD3 is located just adjacent to the lower edge of the additional spurious emission region. It is noted that in the Figure 6.4.3.2.-2, if the position of 1 RB signal is replaced by that of imbalance image, then CIM3 occurs at the same position of signal and image folded IMD3. However, from the A-MPR table for NS_07, it can be observed that in this case, signal and image folded IMD3 level would be higher than that of CIM3. Therefore, the CIM3 is not handled in this contribution.
In addition, the IMD3 has its certain bandwidth. Thus, not the whole but some part of it would fall into the additional spurious emission region. From these facts, its minimum necessary A-MPR would be highly affected by its measurement conditions at the measurement boundary. Therefore, to improve the measurement accuracy of PSD at the measurement boudanry, the following conditions in 6.6.3 [13] are applied to its evaluation.

· To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
· For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

[image: image5]
Figure 6.4.3.2.-2: signal and image folded IMD3
6.4.3.2.3 Evaluation results
6.4.3.2.3.1 For 15 MHz CBW
Figure 6.4.3.2-3 and 6.4.3.2-4 show the maximum leakage power in Rx band for each RB allocation in case of 15MHz CBW. From the results, it can be observed that some A-MPR is needed to satisfy the spurious emission requirements. Based on the results, the minimum necessary A-MPR is derived by investigating the boundary number of RBs for which the required A-MPR value changes. In each Figure, the boundary line A(blue) and B(pink) show the start points where from each point, A-MPR = 1 and 2 dB may be allowed to used to meet the spurious emission requirements respectively in the following ways. It should be noted that any attenuations at 1475.9 due to duplexer are not incorporated in the measurement results. 
· From the boundary line A (blue), A-MPR of 1 dB would be applied.

· From the boundary line B (pink), A-MPR of 2 dB would be applied.

It should also be noted that for small RBs cases, the results highly depend on the IQ imbalance value. Even if the IQ imbalance is set at -25 dBc, it can be seen that any A-MPR is not necessary. In addition, in commercial service, we believe that the IQ imbalance of -25 dBc is quite pessimistic and we can obtain at least -28 dBc at moderate estimate. Therefore, any A-MPR is not needed for small number of RBs case.
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Figure 6.4.3.2-3: PSD for QPSK                   Figure 6.4.3.2-4: PSD for 16QAM

6.4.3.2.3.2 For 10 MHz CBW
Figure 6.4.3.2-5 and 6.4.3.2-6 show the evaluation results in case of 10 MHz CBW. From the results, it can be observed that some A-MPR for 10 MHz CBW is needed to satisfy the spurious emission requirements. A-MPR=1 dB may be allowed to used to meet the spurious emission requirements respectively in the following ways.

· From the boundary line A (blue), A-MPR of 1 dB would be applied.[image: image13.emf]
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Figure 6.4.3.2-5: PSD for QPSK                    Figure 6.4.3.2-6: PSD for 16QAM

6.4.3.2.3.3 Comparison of Nokia simulation and NTT DOCOMO measurements


Figure 6.4.3.2-7-a: DOCOMO measurements results         Figure 6.4.3.2-7-b: Nokia simulation results
Figure 6.4.3.2-7: QPSK and 15 MHz CBW
As a final step, to validate the above results, we compare our measurement results as shown Figure 6.4.3.2-7-a with Nokia’s simulation results as shown in Figure 6.4.3.2-7-b. These two results are in excellent agreement with each other. However, it can be seen that some part of them is different. Specifically, from the Nokia’s result, when the number of RBs is more than 62 RBs, then A-MPR of 3 dB would be needed. 

6.4.3.2.3.4 Summary of the results

Based on the evaluation results reported in Figure 6.4.3.2-3 to 6.4.3.2-7, the required minimum A-MPR for each combination, number of RBs and CBW can be obtained and summarized in Table 6.4.3.2-3.

Table 6.4.3.2-3 Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_[09]
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1

	
	
	
	
	> 50
	≤ 2

	
	
	
	
	> 62
	≤ 3


------------- < End of text Proposal for TR36.821 > -----------------
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