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1. Introduction

In [1] the technical conditions for E-UTRA operation at 900 MHz in Korea were presented and agreed.  The frequency arrangement was described and the UE coexistence requirements in accordance with Korean domestic regulations were established.  One point of discussion at the RAN4 #62bis meeting was whether the emission requirement could be met without restriction with existing Band 8 designs.  In this contribution, additional simulation results and measurements indicate that the emission requirements can be met.

2. Discussion

It was shown in [1] that the frequency range from 905 – 915 MHz uplink paired with 950 – 960 MHz downlink has been awarded to a single operator who intends to deploy LTE.  This frequency range is within the definition of Band 8 in 36.101 and it would be desirable to be able to use Band 8 terminals for this application.  One challenge that has been previously identified and discussed extensively is the requirement to provide coexistence protection over the range 884 – 894 MHz which is used as a downlink band by another operator.  Since this range to be protected lies within the passband of the Band 8 uplink filter, emission limits must be met without the aid of the filter.  The required UE coexistence protection over the range 884 – 894 MHz has been decided to be -30 dBm/MHz in Korea by the Korean regulator as indicated in [2].

Because the motivation is to be able to use existing Band 8 devices over this frequency range, it is necessary to understand whether these devices can inherently meet the UE coexistence emission requirement since additional requirements or NS signaling with associated A-MPR cannot be introduced to the existing band.  The SEM mask at an 11 MHz offset only guarantees -25dBm/MHz, so would be insufficient to meet the emission limit.  Therefore, we resort to simulations to see if we can gain further insight into actual performance beyond the SEM mask.  In [3], it was shown that the worst case emissions arise from a full 50 RB uplink allocation for which there is only 1 dB margin to the -30dBm/MHz requirement without taking into consideration temperature variations and manufacturing tolerances.

We provide further simulations below for the same conditions.  The PA simulations shown below are calibrated against 33 dB UTRA ACLR1 and assume -25 dBc LO and IQ image rejection as well as -60 dBc counter IM3.  For the 50 RB full uplink allocation, it is noted that the baseband modulator parameters do not play a significant role but are included here for completeness.  Three PA models were simulated with results shown below in Figure 1 with both full allocation waveforms as well as single RB waveforms using QPSK modulation.
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Figure 1.  Simulated PA emissions to meet coexistence limit of -30dBm/MHz over 884 – 894 MHz.
It can be seen that indeed, one of the PA models shows results which align very well with those in [3]; that is, there is approximately 1 dB margin to the requirement at 894 MHz.  The other two PA models show relatively improved performance with 3 to 4 dB margin. Given these results, one would generally conclude that it may be too dangerous to decide that the emission limit of -30dBm/MHz can be met by all Band 8 devices, especially since this is a regulatory requirement.  Furthermore, because this is a regulatory requirement it is noted that the corresponding test case as defined in RAN5 and identified in 36.521-1 does not provide test tolerance to account for test system uncertainty in this measurement.  However, given the fact that the other PA models do indicate sufficient margin to the specification and the motivation to enable the use of existing Band 8 devices to support this frequency range in Korea, we seek to gain further insight by conducting measurements.  

Two independent PA measurements confirmed that the emissions from a fully allocated 10 MHz waveform produced emissions of approximately -35dBm/MHz centered at 893.5 MHz.  These PA measurements were calibrated against the UTRA ACLR1 requirement of -33dBc with MPR=1dB.  Since the measurements confirm the results of simulations from two PA models, we believe that it is reasonable to conclude that existing Band 8 devices can meet the emission requirement in Korea.

3. Conclusion

Although one device showed almost no margin, simulations and measurements have been provided to indicate that existing Band 8 designs can meet the emission requirement of -30dBm/MHz over the range 884 – 894 MHz when the 10 MHz carrier is centered at 910 MHz.  
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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 Korea
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 Korea to meet the -30dBm/MHz UE coexistence requirement to protect the frequency range 884 – 894 MHz.  
Because the motivation is to be able to use existing Band 8 devices over this frequency range, it is necessary to understand whether these devices can inherently meet the UE coexistence emission requirement since additional requirements or NS signaling with associated A-MPR cannot be introduced to the existing band.  The SEM mask at an 11 MHz offset only guarantees -25dBm/MHz, so would be insufficient to meet the emission limit.  Therefore, we resort to simulations to see if we can gain further insight into actual performance beyond the SEM mask.  In [3], it was shown that the worst case emissions arise from a full 50 RB uplink allocation for which there is only 1 dB margin to the -30dBm/MHz requirement without taking into consideration temperature variations and manufacturing tolerances.

We provide further simulations below for the same conditions.  The PA simulations shown below are calibrated against 33 dB UTRA ACLR1 and assume -25 dBc LO and IQ image rejection as well as -60 dBc counter IM3.  For the 50 RB full uplink allocation, it is noted that the baseband modulator parameters do not play a significant role but are included here for completeness.  Three PA models were simulated with results shown below in Figure 1 with both full allocation waveforms as well as single RB waveforms using QPSK modulation.
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Figure 1.  Simulated PA emissions to meet coexistence limit of -30dBm/MHz over 884 – 894 MHz.
It can be seen that indeed, one of the PA models shows results which align very well with those in [3]; that is, there is approximately 1 dB margin to the requirement at 894 MHz.  The other two PA models show relatively improved performance with 3 to 4 dB margin. Given these results, one would generally conclude that it may be too dangerous to decide that the emission limit of -30dBm/MHz can be met by all Band 8 devices, especially since this is a regulatory requirement.  Furthermore, because this is a regulatory requirement it is noted that the corresponding test case as defined in RAN5 and identified in 36.521-1 does not provide test tolerance to account for test system uncertainty in this measurement.  However, given the fact that the other PA models do indicate sufficient margin to the specification and the motivation to enable the use of existing Band 8 devices to support this frequency range in Korea, we seek to gain further insight by conducting measurements.  

Two independent PA measurements confirmed that the emissions from a fully allocated 10 MHz waveform produced emissions of approximately -35dBm/MHz centered at 893.5 MHz.  These PA measurements were calibrated against the UTRA ACLR1 requirement of -33dBc with MPR=1dB.  Since the measurements confirm the results of simulations from two PA models, we believe that it is reasonable to conclude that existing Band 8 devices can meet the emission requirement in Korea without restriction.

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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