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1. Introduction

In RAN4-59AH a list of changes expected to be generated by the LTE_CA_B41 WI to the TSs was presented and discussed [1] as well as a contribution providing background on the CA operating scenarios for Band 41 in the US [2]. 
The list of expected changes indicated that new CA SEM requirements would be needed, and the operating scenarios outlined the bandwidth combinations requiring support, and hence a CA SEM definition. The list of expected changes also indicated that due to the FCC licensing rules, additional CA SEM requirements need to be developed in order to support intra-band contiguous CA in Band 41. 
This contribution addresses the required changes relating to this aspect. It is proposed to capture them in the TR. This will enable companies to use this as the basis for studying the A-MPR requirements for meeting the additional CA SEM when a UL CA capable UE receives signalling indicating that the additional CA SEM must be used in a Band 41 network.  
As the method for indicating that the network requires the UE to meet the additional SEM have yet to be finalized, issues relating to this for Band 41 are covered in a separate discussion in [3]. 
2. FCC regulatory requirements
[4] provides some background on the FCC regulations, including a summary of the UE OOBE requirements. 
In the case multiple EBS or BRS channels are aggregated to form a block or number of blocks these requirements apply from the edge of the outermost channel of all the aggregated channels. Therefore, for Band 41 without CA, the use of NS_04 is required for the outermost channels; however for channels within a block, NS_01 may be used to prevent the use of unnecessary A-MPR on these non-block edge channels.
Therefore for Band 41 carrier aggregation a similar situation may result and hence the channel bandwidth combinations required for Band 41 CA, as identified in [2], need to be supported in the general E-UTRA CA spectrum emission mask (for bandwidth class C). In addition a new additional spectrum emissions mask needs to be defined for the case of aggregating channels at the edge of a block. 

3. General SEM requirement
TS36.101 specifies that in the case when carriers are contiguously aggregated in the uplink, the spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the aggregated channel bandwidth. 
It also specifies that for CA Bandwidth Class C, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.1A-1 of TS 36.101 for the specified channel bandwidth, which defines an SEM for the case of 29.9, 30 and 39.8MHz aggregated channel bandwidths supporting 20+10, 15+15 and 20+20MHz with nominal channel spacing.

These requirements can also be used for Band 41, in addition to Band 1 and Band 40. However, according to [2], Band 41 also needs a SEM for the case of 20+15MHz CA. [5] provides a good reference framework for developing this by generalizing the SEM Table 6.6.2.1A-1 in TS36.101.
The first step towards deriving the SEM for 20+15MHz is to calculate the aggregated bandwidth. According to TS36.807 and using the formula in Section 5.7.1A of TS36.101, the nominal channel spacing for the case of 20+15MHz is 17.1MHz. Using the formulae in Section 5.6A of TS36.101 yields BWGB of 1MHz and hence Foffset,low of 10MHz and Foffset,high of 7.75MHz, assuming the low CC is 20MHz and the high CC is 15MHz. As a result the aggregated channel bandwidth is 17.1+10+7.75 = 34.85MHz.
Using the generalized form of the SEM in [5] yields the requirement of -13dBm/MHz in the interval (5-34.85MHz and -25dBm/MHz in the interval (34.85-39.85MHz.
The second step is to determine the value for the ( 0-1MHz interval. Referring to [5] and Table 6.6.2.1A-1 in TS36.101, the value is scaled with the aggregated channel bandwidth, hence it is proposed to use the rounded to the nearest 0.5dB value of -23.5dBm/30kHz for the ( 0-1MHz interval.
It is therefore proposed to support the general SEM definitions for Band 41 CA shown in Table 3-1. 
Table 3-1: General E-UTRA CA spectrum emission mask for B41_C
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	34.85 MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	-10
	1 MHz

	( 5-29.9
	-13
	-13
	-13
	-13
	1 MHz

	( 29.9-30
	-25
	-13
	-13
	-13
	1 MHz

	( 30-34.85
	-25
	-25
	-13
	-13
	1 MHz

	( 34.85-34.9
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	-25
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	-25
	-13
	1 MHz

	( 39.8-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz


As not all entries in general SEM table in TS 36.101 apply to Band 1 and 40, it seems appropriate that even though the new case of 20+15MHz is only applicable to Band 41, that the general table can be modified without needing to indicate that this column only applies to Band 41. It is therefore proposed that the approach to capture the requirements for Band 41 will be to add a new entry to Table 6.6.2.1A-1 in TS 36.101.

As the SEM table is not band specific, it could be worth clarifying exactly which asymmetric configurations are supported for each operating band as more and more band combinations are supported. If RAN4 thinks this is worthwhile, one way, as shown in Table 3-2, could be to use notes to Table 5.6A.1-1 in Rel-11 of TS 36.101 to indicate exactly which asymmetric configurations are supported in the case a band supports one of the two available options of 20+10 or 20+15MHz (or any other options that may yet be developed). The other alternative would be to consider reformatting the table altogether, to prevent lots of notes in the case further bands are developed with different requirements.
Table 3-2: Proposed changes to Table 5.6A.1-1 to clarify exactly which asymmetric bandwidth aggregation scenarios are supported per operating band
	CA operating band / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1C
	1
	
	
	
	
	Yes
	Yes

	CA_40C1
	40
	
	
	
	Yes
	Yes
	Yes

	CA_41C1
	41
	
	
	
	Yes
	Yes
	Yes

	Note 1:
Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two. Support of 20+15MHz is not required for Band 40.



4. Additional SEM requirement

Table 4-1 shows the additional SEM requirements that are required by the FCC regulations when an EBS or BRS channel at the edge of a contiguous block of channels has an aggregated carrier located in it. 
Note that it could be possible to define two additional asymmetric SEMs for the case only one channel edge (lower or upper) is at a block edge, however for the purposes of simplicity only a symmetric additional SEM is proposed, which is in line with the decision made during the development of Band 41 where only a symmetric additional SEM was defined for the non-CA case.
Table 4-1: Additional SEM requirements for Band 41 CA

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	34.85 MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	( 1-5.5
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-34.9
	-25
	-25
	-25
	-25
	1 MHz

	( 34.9-35
	
	-25
	-25
	-25
	1 MHz

	( 35-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz


5. Summary

This contribution proposed an addition to the general SEM to support the case of 20+15MHz using the nominal carrier spacing as well as the additional SEM requirements for all CA bandwidth combinations proposed for Band 41. 
It also discussed that it might be necessary to clarify exactly which SEM entries need to be supported for each CA band combination in the case of asymmetric CC BWs, because the requirements for Band 41 are different to those for Band 40, which requires support of only 20+10MHz.

It is proposed that both the SEM and additional SEM requirements for Band 41 be captured in the TR to enable companies to consider the A-MPR framework and values to support the additional SEM, as well as capture the details of SEM related changes that will be required to TS36.101 to introduce support for Band 41 CA when the CR packages are constructed.
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5
Study of E-UTRA requirements

5.2
Specific UE RF requirements

5.2.1
Spectrum emission mask 

In the case when carriers are contiguously aggregated in the uplink (intra-band), the spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the aggregated channel bandwidth.
For CA Bandwidth Class A, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.1-1 of TS36.101 with the aggregated channel bandwidth replacing the channel bandwidth.

For CA Bandwidth Class C, the power of any UE emission shall not exceed the levels specified in Table 5.2.1-1 for the specified channel bandwidth. 
Table 5.2.1-1: General E-UTRA CA spectrum emission mask for Bandwidth Class C

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	34.85 MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	-10
	1 MHz

	( 5-29.9
	-13
	-13
	-13
	-13
	1 MHz

	( 29.9-30
	-25
	-13
	-13
	-13
	1 MHz

	( 30-34.85
	-25
	-25
	-13
	-13
	1 MHz

	( 34.85-34.9
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	-25
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	-25
	-13
	1 MHz

	( 39.8-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz


The SEM for all combinations other than 20+15MHz is inherited from TS36.101, Release 10. For the case of 20+15MHz it is dervied using the following approach:
· The first step is to calculate the aggregated bandwidth. According to TS36.807 and using the formula in Section 5.7.1A of TS36.101, the nominal channel spacing for the case of 20+15MHz is 17.1MHz. Using the formulae in Section 5.6A of TS36.101 yields BWGB of 1MHz and hence Foffset,low of 10MHz and Foffset,high of 7.75MHz, assuming the low CC is 20MHz and the high CC is 15MHz. As a result the aggregated channel bandwidth is 17.1+10+7.75 = 34.85MHz. The requirement of -13dBm/MHz therefore applies in the interval (5-34.85MHz and -25dBm/MHz in the interval (34.85-39.85MHz.

· The second step is to determine the value for the ( 0-1MHz interval. Referring to Table 6.6.2.1A-1 in TS36.101, the value is scaled with the aggregated channel bandwidth, hence it is proposed to use the rounded to the nearest 0.5dB value of -23.5dBm/30kHz for the ( 0-1MHz interval.

5.2.2
Additional Spectrum Emission Mask 

When the additional spectrum emissions mask is required by the network, then for CA Bandwidth Class A, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.2 of TS36.101 with the aggregated channel bandwidth replacing the channel bandwidth. For CA Bandwidth Class C, the power of any UE emission shall not exceed the levels specified in Table 5.2.2-1. 

Table 5.2.2-1: Additional requirements

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	34.85 MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	( 1-5.5
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-34.9
	-25
	-25
	-25
	-25
	1 MHz

	( 34.9-35
	
	-25
	-25
	-25
	1 MHz

	( 35-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz
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