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1. Introduction

The frequency spectrum over the range 900 – 915 MHz uplink and 945 – 960 MHz downlink has been awarded to a single operator in Japan where the intention is to deploy LTE service in at least a portion of this spectrum.  One proposal for usage of this band is to use it in the context of Band 8.  However, a challenge that has been identified and discussed is the UE coexistence requirement to protect the Band 19 downlink range from 875 – 890 MHz to a level of -40 dBm/MHz, since new network signaling and A-MPR cannot be added to an existing band.  In this contribution, we provide simulation results to illustrate the restrictions and conditions whereby the emission limit can be met by existing Band 8 terminals.

2. Discussion

Similar to the situation in Korea as described in [1], the intended uplink band resides within the uplink definition of Band 8; however, the required protection band falls within the passband of the filter.  Therefore, the emission requirement must be met without aid from the filter.  Furthermore, the situation in Japan is additionally challenged since the regulatory emission requirement is -40dBm/MHz, rather than the -30dBm/MHz value required in Korea.  

Frequency planning

The spectrum allocated in Japan is 15 MHz wide and therefore can support up to a 15 MHz LTE carrier.  However, there are two fundamental impediments to support of 15 MHz LTE in this spectrum.  The first is that Band 8 does not include support for 15 MHz channel bandwidth and cannot be modified to add this.  The second is that the protected band is only 10 MHz separated from this uplink spectrum.  The required restrictions on a 15 MHz carrier to meet the required emission level would be severe.  Another possible way to utilize the 15 MHz of bandwidth for LTE is by intraband carrier aggregation.  However, intraband carrier aggregation in Band 8 has not been proposed in 3GPP and is outside of the scope of this contribution.  

Due to practical constraints imposed by the emission requirement and the reuse of Band 8, we consider the following four scenarios.

1. 5 MHz LTE carrier placed at the lower part of the spectrum, centered at 902.5 MHz, or

2. 5 MHz LTE carrier placed in the middle of the spectrum, centered at 907.5 MHz, or 

3. 5 MHz LTE carrier placed at the upper part of the spectrum, centered at 912.5 MHz, or

4. 10 MHz LTE carrier placed at the upper part of the spectrum, centered at 910 MHz.

Simulation results

Simulation results are provided in this section.  For the simulations, a PA model which was calibrated to operate at the UTRA ACLR1 limit of -33dBc at maximum output power with an additional 1 dB output to account for output power tolerance.  Therefore, the PA meets -33 dBc UTRA ACLR1 at an antenna port power of 23 dBm.  The LO and IQ image terms were modeled at -25 dBc and the counter IM3 was modeled at -60 dBc.  The counter IM5 is not explicitly included in the model since there are two components to it which require calibration in the simulation – one from the baseband waveform and a second one through 3rd order intermodulation in the PA between the baseband counter IM3 term and the IQ image.  However, we must take this into consideration for the 10 MHz waveform as will be described below.
5 MHz LTE

For a 5 MHz carrier located at the lowest part of the spectrum, it can be seen in the PA simulations of Figure 1 that the fully allocated 25 RB waveform just barely violates the emission limit.  This is slightly worse, but consistent with a previous result reported in [2] where it was shown that a 5 MHz LTE waveform could be located at the edge of the spectrum and just meet the emission limit, but without margin.  Both results show that there is no margin to meet the requirement and therefore should not be operated in this manner.  
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Figure 1.  Simulated PA emissions for 5 MHz carrier at 900 – 905 MHz spectrum.
In Figure 2, it is shown that by reducing the uplink allocation, the emission limit can be met.  The emission limit can be met with margin when the allocation is reduced to 20 RB’s.  For the 5 MHz waveform, there is no concern with single RB transmissions.
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Figure 2.  For 5 MHz channel at 900 - 905 MHz, RB restriction of 20 RB enables emission requirement to be met with margin.
Also, it can be seen in Figure 3 that there are no restrictions needed for 5 MHz carrier placed at the middle or at the upper edge of the band.
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Figure 3.  5 MHz carrier located in the middle or upper part of spectrum.
10 MHz LTE

The 10 MHz carrier is more challenging, even when placed at the upper part of the spectrum, for both wideband spectral emissions as well as single RB transmissions with high power spectral density.  It is shown in Figure 4 that wide band spectral emissions exceed the emission limit.  Furthermore, also shown in the figure is a single RB transmission at the channel edge.  In this case, due to intermodulation in the PA between the transmitted signal and its IQ image, the emission limit is exceeded.  
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Figure 4.  10 MHz carrier located at the upper part of the spectrum.
Although not shown on this figure since it was not included in the simulation model, another mechanism by which a single RB transmission could cause the emission limit to be exceeded is the counter IM5.  This results from the combination of a baseband non-linearity as well as by intermoduation in the transceiver and PA.  The level of this emission requires further investigation for the Band 8 transmitter but preliminary estimates and studies indicate that -40dBm will not be met with existing designs.  Of course, there is no help from the filter since as noted above, the frequency range to be protected falls within the passband of the transmit filter.  The significance of the single RB transmissions is the PUCCH.  While the wideband transmission violations might be addressed by reducing the uplink allocation, the single RB PUCCH transmissions remain.  To address this, it may be required to over-provision the PUCCH region thereby moving the PUCCH transmission away from the channel edge so that its intermodulation terms do not land in the protected frequency range.  It is estimated that the PUCCH region would need to be overprovisioned to be approximately 3-4 RB’s wide.  A second approach could be to reduce the transmission power in the cell, but that may result in smaller cell sizes or lesser coverage.  

However, before investigating these options, we first focus on the wideband transmission where an uplink restriction is needed to reduce coexistence emissions.  Figure 5 shows that by reducing the uplink allocation to 36 RB’s, the emission limit is able to be met with margin.
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Figure 5.  For 10 MHz channel at 905 - 915 MHz, RB restriction of 36 RB enables emission requirement to be met with margin.
3. Conclusion

Simulations have been conducted to evaluate the ability to meet the coexistence emission requirements in Japan when using existing Band 8.  Four configurations have been evaluated with the summary of results summarized as follows.

1. 5 MHz low channel → Uplink allocation must be reduced to 20 RB when located at lower edge of channel.

2. 5 MHz mid channel → No restrictions

3. 5 MHz high channel → No restrictions

4. 10 MHz high channel→ Uplink allocation must be reduced to 36 RB when located at lower edge of channel.  Narrow allocations with high power spectral density must be avoided at the channel edges.  PUCCH overprovisioning of 3-4 dB’s may be required.
Reference
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Study of E-UTRA specific issues

9.1
Reuse of Band 8 for Japanese and/or Korean 900 MHz band 
This section summarizes issues and additional requirements when Band 8 E-UTRA UE/BS is to be operated under Japanese/Korean regulations.
9.1.1
Band 8 and 800 MHz band UE co-existence

9.1.1.1
A-MPR and NS signalling addition for protection of 800MHz to Band 8 UE

In Japan, -40dBm/MHz will be required for a UE operating in 900MHz to protect Band 18/19 as mentioned in 5.1.1.2.1(b). With Band 8 RF frontend, part of Band 19 spectrum is within the pass band of Band 8 Tx filter and it is impossible to comply with the regulation. The introduction of appropriate A-MPR (and relevant NS signalling) is a method to satisfy the protection requirement. Study results were presented for A-MPR values required to be compliant with the regulation[6, 7]:

Table 9.1.1.1-1: A-MPR Study Results for Japanese 900MHz

	E-UTRA

channel BW [MHz]
	Nokia
(R4-113677)[6]
	Qualcomm
(R4-113792)[7]

	5
	0dB
	0dB
(Small Margin)

	10
	5dB/50RB
(0dB, <20RB)
	4dB/50RB

	15
	10dB/1RB
	TBD


Although protection requirement for Band 5 in Korea was not yet settled at the time of relevant discussion, a couple of contributions [7, 8] discussed possible A-MPR values for Korean 900MHz, assuming possible protection requirements or coexistence masks. A contribution [8] concluded that:

· for 5MHz CBW, A-MPR would only be needed if protection requirement is -45dBm/MHz or stricter,

· for 10MHz, A-MPR would be required for all the coexistence masks considered but amount of A-MPR would depend on the conditions.

The other contribution [7] estimated A-MPR values for -50dBm/MHz and -40dBm/MHz protection cases. The results are summarized in the table below and it seems that there is good agreement with observation above.

 Table 9.1.1.1-2: Possible A-MPR Study Results for Korean 900MHz[7]
	E-UTRA

channel BW [MHz]
	-50dBm/MHz
Protection
	-40dBm/MHz
Protection

	5
	-5dB
	0dB

	10
	-6dB
	-3dB
(Small Margin)


It should be noted that 15MHz CBW is not applicable in Korea.
9.1.1.1
Channel allocation restriction for use in Japan
Given that A-MPR and additional NS signaling cannot be defined for existing Band 8, we consider the channel allocation restrictions necessary to enable use of Band 8 devices in Japan to meet the -40dBm/MHz UE coexistence requirement to protect Band 19.  Due to practical constraints imposed by the emission requirement and the reuse of Band 8, we consider the following four scenarios.

1. 5 MHz LTE carrier placed at the lower part of the spectrum, centered at 902.5 MHz, or

2. 5 MHz LTE carrier placed in the middle of the spectrum, centered at 907.5 MHz, or 

3. 5 MHz LTE carrier placed at the upper part of the spectrum, centered at 912.5 MHz, or

4. 10 MHz LTE carrier placed at the upper part of the spectrum, centered at 910 MHz.

Simulation results are provided in this section.  For the simulations, a PA model which was calibrated to operate at the UTRA ACLR1 limit of -33dBc at maximum output power with an additional 1 dB output to account for output power tolerance.  Therefore, the PA meets -33 dBc UTRA ACLR1 at an antenna port power of 23 dBm.  The LO and IQ image terms were modeled at -25 dBc and the counter IM3 was modeled at -60 dBc.  The counter IM5 is not explicitly included in the model since there are two components to it which require calibration in the simulation – one from the baseband waveform and a second one through 3rd order intermodulation in the PA between the baseband counter IM3 term and the IQ image.  However, we must take this into consideration for the 10 MHz waveform as will be described below.
For a 5 MHz carrier located at the lowest part of the spectrum, it can be seen in the PA simulations of Figure 1 that the fully allocated 25 RB waveform just barely violates the emission limit.  This is slightly worse, but consistent with a previous result reported in [7] where it was shown that a 5 MHz LTE waveform could be located at the edge of the spectrum and just meet the emission limit, but without margin.  Both results show that there is no margin to meet the requirement and therefore should not be operated in this manner.  
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Figure 1.  Simulated PA emissions for 5 MHz carrier at 900 – 905 MHz spectrum.
In Figure 2, it is shown that by reducing the uplink allocation, the emission limit can be met.  The emission limit can be met with margin when the allocation is reduced to 20 RB’s.  For the 5 MHz waveform, there is no concern with single RB transmissions.
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Figure 2.  For 5 MHz channel at 900 - 905 MHz, RB restriction of 20 RB enables emission requirement to be met with margin.
Also, it can be seen in Figure 3 that there are no restrictions needed for 5 MHz carrier placed at the middle or at the upper edge of the band.
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Figure 3.  5 MHz carrier located in the middle or upper part of spectrum.
The 10 MHz carrier is more challenging, even when placed at the upper part of the spectrum, for both wideband spectral emissions as well as single RB transmissions with high power spectral density.  It is shown in Figure 4 that wide band spectral emissions exceed the emission limit.  Furthermore, also shown in the figure is a single RB transmission at the channel edge.  In this case, due to intermodulation in the PA between the transmitted signal and its IQ image, the emission limit is exceeded.  
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Figure 4.  10 MHz carrier located at the upper part of the spectrum.
Although not shown on this figure since it was not included in the simulation model, another mechanism by which a single RB transmission could cause the emission limit to be exceeded is the counter IM5.  This results from the combination of a baseband non-linearity as well as by intermoduation in the transceiver and PA.  The level of this emission requires further investigation for the Band 8 transmitter but preliminary estimates and studies indicate that -40dBm will not be met with existing designs.  Of course, there is no help from the filter since as noted above, the frequency range to be protected falls within the passband of the transmit filter.  The significance of the single RB transmissions is the PUCCH.  While the wideband transmission violations might be addressed by reducing the uplink allocation, the single RB PUCCH transmissions remain.  To address this, it may be required to over-provision the PUCCH region thereby moving the PUCCH transmission away from the channel edge so that its intermodulation terms do not land in the protected frequency range.  It is estimated that the PUCCH region would need to be overprovisioned to be approximately 3-4 RB’s wide.  A second approach could be to reduce the transmission power in the cell, but that may result in smaller cell sizes or lesser coverage.  

However, before investigating these options, we first focus on the wideband transmission where an uplink restriction is needed to reduce coexistence emissions.  Figure 5 shows that by reducing the uplink allocation to 36 RB’s, the emission limit is able to be met with margin.
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Figure 5.  For 10 MHz channel at 905 - 915 MHz, RB restriction of 36 RB enables emission requirement to be met with margin.
In summary, we conclude

1. 5 MHz low channel → Uplink allocation must be reduced to 20 RB when located at lower edge of channel.

2. 5 MHz mid channel → No restrictions

3. 5 MHz high channel → No restrictions

4. 10 MHz high channel→ Uplink allocation must be reduced to 36 RB when located at lower edge of channel.  Narrow allocations with high power spectral density must be avoided at the channel edges.  PUCCH overprovisioning of 3-4 dB’s may be required.
9.1.2
Addition of 15 MHz CBW requirements to Band 8 UE

At present, E-UTRA Band 8 supports up to 10MHz channel bandwidths but Japanese 900MHz is possible to support up to 15MHz. In case of 15MHz CBW, special care must be taken for “counter IM issues” mentioned in [9] and complicated A-MPR table would be required. The initial study result for necessary A-MPR scheme was shown in Table 9.1.2-1[6].  

Table 9.1.2-1: A-MPR for 15MHz CBW for Japan [6]

	 Parameters
	Region A
	Region B
	Region C

	RB_start
	0 – 5
	6 – 68
	69 – 74

	L_CRB [RBs]
	1 – 75
	1 – 25
	≥26
	1 – 6

	 A-MPR [dB]
	≤ 10
	0
	≤ 6
	≤ 7
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