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1. Introduction

The UE emission mask requirements for operating in the A and B blocks of the WCS band are provided in [1].  In this contribution, we evaluate the necessary UE specification changes to incorporate these requirements.  
2. Discussion

2.1. Output power

The regulations summarized in [1] for the UE stipulate that when using 3GPP LTE standards, the EIRP of the device must not exceed 250 mW within any 5 MHz of authorized bandwidth.  Assuming an antenna gain of 0 dBi or lower as is typically used for a UE, a power class 3 LTE UE complies with this requirement.  Additionally, the regulations stipulate that when using FDD technology, the uplink is limited to the range 2305 – 2315 which is wholly consistent with this new band proposal.
Proposal 1:  The UE should be defined as a power class 3 device for the WCS band.  The maximum output power is specified to be [23] dBm ± [2] dB.  The output power tolerance can be finalized after study of the duplexer and PA for this band.

2.2. Emission mask

The UE emission mask requirements from the FCC part 27.53 regulatory rules are summarized in [1] for operation in the WCS band.  Based on a maximum output power of 23 dBm, the emission limits can be represented pictorially as shown in Figure 1.
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Figure 1.  Simplified representation of the UE emission mask requirement.  The solid line represents the FCC requirement.  The dashed line represents the proposed UE specification.
We first consider how to capture these requirements into the specification.  For other bands, similar requirements have been captured in the out-of-band emissions section of the specification as a spectrum emission mask requirement.  However, a few shortcomings of capturing these requirements as a SEM are that the requirements for the WCS band are specified over absolute frequency ranges rather than relative offsets from the channel edge, the requirements extend beyond the out-of-band boundary and into the spurious emission domain, and the level of emissions is lower than the -25 dBm/MHz limit for SEM and lower than the -30 dBm/MHz general spurious limit from SM.329.  Thus, we instead consider capturing these requirements in the spurious emissions UE coexistence section of the specification with the explicit addition of a note indicating applicability inside the out-of-band domain as well as in the spurious domain.
The following formulation of the requirements into the specification are shown below in Table 6.6.3.2-1.

Table 6.6.3.2-1: Requirements

	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	[WCS]

	E-UTRA Band 2, 4, 5, 12, 13, 14, 17, 23, 25, 26, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range 
	[0.009]
	-
	2288 
	-40
	1
	A

	
	Frequency range
	2288
	-
	2292
	-37
	1
	A

	
	Frequency range
	2292
	-
	2296
	-31
	1
	A

	
	Frequency range
	2296
	-
	2300
	-25
	1
	A

	
	Frequency range
	2300
	-
	2320
	-13
	See Note C
	A, B, C

	
	Frequency range
	2320
	-
	2324
	-25
	1
	A

	
	Frequency range
	2324
	-
	2328
	-31
	1
	A

	
	Frequency range
	2328
	-
	2332
	-37
	1
	A

	
	Frequency range
	2332
	-
	[12750]
	-40
	1
	A

	NOTE A: These requirements also apply for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
NOTE B: This requirement does not apply over the frequency range spanned by the uplink channel bandwidth.

NOTE C: A measurement bandwidth of 1 MHz applies for this frequency range, except for the first 1 MHz adjacent to the channel edge where the measurement bandwidth is [0.05] MHz and 0.1 MHz for carriers of 5 MHz and 10 MHz channel bandwidth, respectively.


The following points merit further illustration.

1.  Over the frequency range 2332 – 2380 MHz, the emission requirements have been set to -40 dBm/MHz to reduce the number of test points and to simplify the specification.  This represents a tighter requirement than the FCC regulations as shown in the dashed trace of Figure 1, because the FCC regulations allow for the possibility of deploying a TDD carrier in the range 2350 – 2360 MHz.  However, the work item for this band is limited to FDD so it is not necessary or appropriate to consider possible UE transmission in the upper blocks. 
2.  The FCC rules do not specify upper and lower frequency bounds to the emission mask floor of -40 dBm/MHz.  Upon further query with representatives from the FCC, it was indicated that there is no explicit frequency bound for which this requirement applies.  Note that this represents a 10 dB tighter requirement in the spurious domain than what would typically be specified in Table 6.6.3.1-2 of TS 36.101 in accordance with ITU recommendation SM.329.  To adhere to the FCC rules, we tentatively indicate the range of applicability from 9 kHz to 12.75 GHz.

3. While a 1 MHz resolution bandwidth is generally appropriate for these requirements, within the first MHz of the channel edge, the FCC rules allow the usage of a resolution bandwidth of at least 1 percent of the emission bandwidth of the fundamental emission of the transmitter.  Thus, we specify measurement bandwidths of 50 kHz and 100 kHz for 5 MHz and 10 MHz channels, respectively.  We considered applying a measurement bandwidth of 100 kHz for both 5 MHz and 10 MHz channels initially for the sake of consistency.  However, preliminary simulations indicate that it may be possible to avoid A-MPR for 5 MHz channels and the need for PUCCH over-provisioning with the 50 kHz measurement bandwidth.  Thus, we see the benefit for network deployment to be able transmit the control channel at full power without resorting to over-provisioning of the PUCCH resource.  We leave this value as tentative subject to confirmation of the preliminary simulation results.
Proposal 2:  The UE emission requirements are captured in the UE coexistence table as shown in Table 6.6.3.2-1.
2.3. Network signaling and A-MPR

In order to meet the emission mask requirements as described above, the UE will require additional consideration.  One such consideration is to define an A-MPR so that the UE can reduce its maximum output power thereby reducing its unwanted emissions.  This is the conventional approach taken, for example for Band 41 with NS_04.  A-MPR is typically provided when signaled by the network with an NS value.  The NS value usually indicates additional emission requirements as well as availability of A-MPR and is optionally signaled by the network since some deployments may not require the additional emission requirements.  For the case of the WCS band, we considered that the NS value can also be used to indicate the additional emission requirements described in Table 6.6.3.2-1, as well as the availability of A-MPR.  However, one disadvantage we identified with this approach is that the NS values are designed to be only optionally signaled, whereas for this band, the additional emission requirements must always be met as described in the work item description.  The NS values are designed to be able to accommodate different deployments where different requirements may apply.  For example, for Band 41, the emission requirements apply at the block edge; thus, within the block, the requirements do not apply and NS_04 does not need to be signaled.  Moreover, for Band 41, the band may be deployed in other countries where the same regulatory rules do not apply.  The WCS band differs because the emission requirements as described in Table 6.6.3.2-1 are unconditionally applicable.  However, the introduction of the requirements under control of the NS value does maintain consistency in the specification with how A-MPR has been introduced for other bands and further allows additional flexibility should an operator in another country which does not have these FCC rules desire to use this band.

Proposal 3:  An NS value is to be defined for this band.  The UE emission requirements are applied and A-MPR (A-MPR table is FFS) is allowed when the NS value is signaled.  

The A-MPR required by the UE is under study and proposals will be presented at the next meeting.

3. Conclusion
In this contribution, we have proposed a method to capture the UE regulatory requirements on output power and unwanted emissions into the specification.  In the process, we have proposed a tightening of the requirements to simplify the specification and to reduce the number of test cases.  We do not expect that such tightening will have any additional impact to the UE; i.e., it will not require additional A-MPR to meet this.  The proposals in this contribution are summarized as

Proposal 1:  The UE should be defined as a power class 3 device for the WCS band.  The maximum output power is specified to be [23] dBm ± [2] dB.  The output power tolerance can be finalized after study of the duplexer for this band.

Proposal 2:  The UE emission requirements are captured in the UE coexistence table as shown in Table 6.6.3.2-1.
Proposal 3:  An NS value is to be defined for this band.  The UE emission requirements are applied and A-MPR (A-MPR table is FFS) is allowed when the NS value is signaled.  
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6
Study of E-UTRA specific issues
6.1
UE transmitter requirements
6.2.1
Output power
The regulations summarized in [4] for the UE stipulate that when using 3GPP LTE standards, the EIRP of the device must not exceed 250 mW within any 5 MHz of authorized bandwidth.  Assuming an antenna gain of 0 dBi or lower as is typically used for a UE, a power class 3 LTE UE complies with this requirement.  Additionally, the regulations stipulate that when using FDD technology, the uplink is limited to the range 2305 – 2315 which is wholly consistent with this new band proposal.

Proposal 1:  The UE should be defined as a power class 3 device for the WCS band.  The maximum output power is specified to be [23] dBm ± [2] dB.  The output power tolerance can be finalized after study of the duplexer and PA for this band.

6.2.2
Emission mask

The UE emission mask requirements for the WCS band come from the FCC part 27.53 regulatory rules.  Based on a maximum output power of 23 dBm, the emission limits can be represented pictorially as shown in Figure 6.2.2-1.
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Figure 6.2.2-1.  Simplified representation of the UE emission mask requirement.  The solid line represents the FCC requirement.  The dashed line represents the proposed UE specification.
We first consider how to capture these requirements into the specification.  For other bands, similar requirements have been captured in the out-of-band emissions section of the specification as a spectrum emission mask requirement.  However, a few shortcomings of capturing these requirements as a SEM are that the requirements for the WCS band are specified over absolute frequency ranges rather than relative offsets from the channel edge, the requirements extend beyond the out-of-band boundary and into the spurious emission domain, and the level of emissions is lower than the -25 dBm/MHz limit for SEM and lower than the -30 dBm/MHz general spurious limit from SM.329.  Thus, we instead consider capturing these requirements in the spurious emissions UE coexistence section of the specification with the explicit addition of a note indicating applicability inside the out-of-band domain as well as in the spurious domain.

The following formulation of the requirements into the specification are shown below in Table 6.6.3.2-1.

Table 6.6.3.2-1: Requirements

	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	[WCS]

	E-UTRA Band 2, 4, 5, 12, 13, 14, 17, 23, 25, 26, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range 
	[0.009]
	-
	2288 
	-40
	1
	A

	
	Frequency range
	2288
	-
	2292
	-37
	1
	A

	
	Frequency range
	2292
	-
	2296
	-31
	1
	A

	
	Frequency range
	2296
	-
	2300
	-25
	1
	A

	
	Frequency range
	2300
	-
	2320
	-13
	See Note C
	A, B, C

	
	Frequency range
	2320
	-
	2324
	-25
	1
	A

	
	Frequency range
	2324
	-
	2328
	-31
	1
	A

	
	Frequency range
	2328
	-
	2332
	-37
	1
	A

	
	Frequency range
	2332
	-
	[12750]
	-40
	1
	A

	NOTE A: These requirements also apply for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
NOTE B: This requirement does not apply over the frequency range spanned by the uplink channel bandwidth.

NOTE C: A measurement bandwidth of 1 MHz applies for this frequency range, except for the first 1 MHz adjacent to the channel edge where the measurement bandwidth is [0.05] MHz and 0.1 MHz for carriers of 5 MHz and 10 MHz channel bandwidth, respectively.


The following points merit further illustration.

1.  Over the frequency range 2332 – 2380 MHz, the emission requirements have been set to -40 dBm/MHz to reduce the number of test points and to simplify the specification.  This represents a tighter requirement than the FCC regulations as shown in the dashed trace of Figure 1, because the FCC regulations allow for the possibility of deploying a TDD carrier in the range 2350 – 2360 MHz.  However, the work item for this band is limited to FDD so it is not necessary or appropriate to consider possible UE transmission in the upper blocks. 

2.  The FCC rules do not specify upper and lower frequency bounds to the emission mask floor of -40 dBm/MHz.  Upon further query with representatives from the FCC, it was indicated that there is no explicit frequency bound for which this requirement applies.  Note that this represents a 10 dB tighter requirement in the spurious domain than what would typically be specified in Table 6.6.3.1-2 of TS 36.101 in accordance with ITU recommendation SM.329.  To adhere to the FCC rules, we tentatively indicate the range of applicability from 9 kHz to 12.75 GHz.

3. While a 1 MHz resolution bandwidth is generally appropriate for these requirements, within the first MHz of the channel edge, the FCC rules allow the usage of a resolution bandwidth of at least 1 percent of the emission bandwidth of the fundamental emission of the transmitter.  Thus, we specify measurement bandwidths of 50 kHz and 100 kHz for 5 MHz and 10 MHz channels, respectively.  We considered applying a measurement bandwidth of 100 kHz for both 5 MHz and 10 MHz channels initially for the sake of consistency.  However, preliminary simulations indicate that it may be possible to avoid A-MPR for 5 MHz channels and the need for PUCCH over-provisioning with the 50 kHz measurement bandwidth.  Thus, we see the benefit for network deployment to be able transmit the control channel at full power without resorting to over-provisioning of the PUCCH resource.  We leave this value as tentative subject to confirmation of the preliminary simulation results.

Proposal 2:  The UE emission requirements are captured in the UE coexistence table as shown in Table 6.6.3.2-1.
6.2.3
Network signaling and A-MPR

In order to meet the emission mask requirements as described above, the UE will require additional consideration.  One such consideration is to define an A-MPR so that the UE can reduce its maximum output power thereby reducing its unwanted emissions.  This is the conventional approach taken, for example for Band 41 with NS_04.  A-MPR is typically provided when signaled by the network with an NS value.  The NS value usually indicates additional emission requirements as well as availability of A-MPR and is optionally signaled by the network since some deployments may not require the additional emission requirements.  For the case of the WCS band, we considered that the NS value can also be used to indicate the additional emission requirements described in Table 6.6.3.2-1, as well as the availability of A-MPR.  However, one disadvantage we identified with this approach is that the NS values are designed to be only optionally signaled, whereas for this band, the additional emission requirements must always be met as described in the work item description.  The NS values are designed to be able to accommodate different deployments where different requirements may apply.  For example, for Band 41, the emission requirements apply at the block edge; thus, within the block, the requirements do not apply and NS_04 does not need to be signaled.  Moreover, for Band 41, the band may be deployed in other countries where the same regulatory rules do not apply.  The WCS band differs because the emission requirements as described in Table 6.6.3.2-1 are unconditionally applicable.  However, the introduction of the requirements under control of the NS value does maintain consistency in the specification with how A-MPR has been introduced for other bands and further allows additional flexibility should an operator in another country which does not have these FCC rules desire to use this band.

Proposal 3:  An NS value is to be defined for this band.  The UE emission requirements are applied and A-MPR (A-MPR table is FFS) is allowed when the NS value is signaled.  
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