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1.	Introduction
Numerous WI proposals to support the LTE Advanced 3 or 4 Band Carrier Aggregation (3DL/1UL or 4DL/1UL) have been approved in RAN. One of the objectives of these WI is to specify the band-combination specific RF requirements for the corresponding 3 or 4 band carrier aggregation (CA) scenarios.
The BS RF requirements for supporting 3 band CA (3DL/1UL) was discussed in RAN4#70Bis [1, 2], RAN4#71 [3, 4], RAN4#72 [5], RAN4#72Bis [6-9], and RAN4#73 [10-11]. In this contribution, we further discuss the BS RF testing for multi-band BS capable of operation in three or more bands according to the comments received on [10], and provide a pseudo CR to implement the proposed changes in TS 36.141 [12].

2.	Discussion
[bookmark: _Toc306263746]As discussed in [1], for BS capable of multi-carrier and/or CA operation in contiguous and non-contiguous spectrum in single band, the core and test requirements currently specified in the BS specifications (TS 36.104 and TS 36.141 [13, 12]) are agnostic to the number of CC in the operating band or each of the two sub-blocks within the operating band supported by the BS in intra-band or inter-band CA operation. This can be seen by studying the test configurations defined for multi-carrier and/or CA operation in contiguous and non-contiguous spectrum in single band in sub-clauses 4.10.1, 4.10.2 and 4.10.3 in TS 36.141.
Similarly, for BS capable of multi-band operation, the core and test requirements currently specified in the BS specifications (TS 36.104 and TS 36.141) are agnostic to the number of CC in each operating band or each of the two sub-blocks within each operating band supported by the BS in intra-band or inter-band CA operation. This can be seen by studying the test configurations defined for multi-carrier and/or CA operation in contiguous and non-contiguous spectrum in multi-band in sub-clauses 4.10.4 and 4.10.5 in TS 36.141.
Furthermore, for BS capable of multi-band operation, the core and test requirements are agnostic to the number of operating bands supported by the BS, except the following subclauses.

2.1	Sub-clauses restricted to dual-band testing

1)	In subclause 4.7.1 in TS 36.141 (extracted below) where the ‘RF bandwidth position for multi-carrier and/or CA testing’ is specified only for ‘BS capable of dual-band operation’.
<Start of extraction>
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For BS capable of dual-band operation, unless otherwise stated, the test shall be performed at BRFBW_T’RFBW and B’RFBW_TRFBW defined as following:
BRFBW_ T’RFBW: the RF bandwidths located at the bottom of the supported frequency range in the lower operating band and at the highest possible simultaneous frequency position, within the maximum radio bandwidth, in the upper operating band.
B’RFBW_TRFBW: the RF bandwidths located at the top of the supported frequency range in the upper operating band and at the lowest possible simultaneous frequency position, within the maximum radio bandwidth, in the lower operating band.
NOTE:	BRFBW_T’RFBW = B’RFBW_TRFBW = BRFBW_TRFBW when the declared maximum radio bandwidth spans both operating bands. BRFBW_TRFBW means the RF bandwidths are located at the bottom of the supported frequency range in the lower operating band and at the top of the supported frequency range in the upper operating band.
<End of extraction>
2)	In subclauses 4.10.4.1 and 4.10.5.1 in TS 36.141 (extracted below) where for BS that support three or more bands, the RF bandwidth position of the middle band(s) within the frequency range(s) supported by the BS in the middle band(s) is not specified in ETC4 and ETC5.
<Start of extraction>
-	The allocated RF bandwidth of the outermost bands shall be located at the outermost edges of the declared maximum radio bandwidth. 
<End of extraction>
3)	In subclause 4.10.4.1 and 4.10.5.1  in TS 36.141 (extracted below) where only the carrier placement in the outermost bands for BS supports three carriers only is specified, but the carrier placement in the middle band(s) for BS supports three or more bands is not specified in ETC4.
<Start of extraction>
-	If a multi-band BS supports three carriers only, two carriers shall be placed in one band according to ETC3 while the remaining carrier shall be placed at the edge of the maximum radio bandwidth in the other band.
<End of extraction>

2.2	Proposed changes in the sub-clauses

In order to cover the testing for BS capable of operation in three or more bands, the subclauses discussed in section 2.1 above need to be changed. Note that as discussed in [3], a narrower (inter-RF bandwidth or sub-block) gap between two blocks of transmitted carriers generally represents a more demanding TC for emission tests (e.g. transmitter spurious emission) within the gap, as the TX notch filter design would be more complicate to meet the emission requirements within a narrower gap. In addition, unequal gap sizes between successive blocks ensures that the inter-modulation products of the transmitted carriers would fall into the out-of-block frequency ranges (instead of the transmitted frequency ranges of the other blocks), and this again represents a more demanding TC for emission tests.
Therefore, to make more demanding ETC4 and ETC5 for BS capable of operation in three or more bands, we propose to place the RF bandwidth of the middle band(s) within the frequency range(s) supported by the BS in the middle band(s) to obtain the narrowest possible gap(s) between the newly added block(s) and the existing blocks in the TC. Similarly, when only 1 carrier can be placed in a supported operating band (e.g. due to the sum of the maximum number of supported carrier of each supported operating band in multi-band operation is larger than the declared total number of supported carriers for the declared band combinations of the BS), we propose to place the carrier in an outermost band at the outermost edge of the declared maximum radio bandwidth, and to place the carrier in a middle band within the frequency range supported by the BS to obtain the narrowest possible gap between the newly added carrier and the existing carriers in the TC.
This is illustrated in Figure 1 below: (a) ETC5 for testing BS that supports 3 frequency bands, (b) ETC4/5 for testing BS that supports only 5 carriers in 3 frequency bands, and (c) ETC4/5 for testing BS that supports only 3 carriers in 3 frequency bands. It can be seen that the middle carrier block / carrier is placed within the frequency range supported by the BS in the operating band to obtain a narrower gap between the newly added carrier block / carrier and the existing carrier blocks / carriers.
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Figure 1: Updated ETC4 and ETC5 for testing of BS that supports three or more bands

2.3	BS supporting multiple multi-band combinations

For BS that supports multiple multi-band combinations, it is proposed in [7] that test configuration shall be repeated for every possible multi-band combination with declared parameters for that combination, in order to guarantee parameters declared for specific multi-band scenario are properly tested. This proposal would greatly increase the testing effort and time, as all tests need to be repeated for each test configuration for every possible multi-band combination. This is illustrated in Figure 2 below with an example where any 2 out of 4 bands can be operated simultaneously.

Figure 2: Test combinations where any 2 out of 4 bands can be operated simultaneously
In order to save testing effort and time, we propose to test only two most stringent multi-band combinations out of the supported ones. This is similar to the CA occupied bandwidth test for BS that supports multiple CA CC combinations where only one of the supported combinations is tested. The proposal is further elaborated as follows:
1)	Band combination 1: The purpose is to test the performance at highest possible instantaneous radio bandwidth and to check the frequency range outside of the outermost frequency bands.
-	Out of the possible multi-band combinations, take the combination that results in the highest possible instantaneous radio bandwidth.
-	Perform conformance testing using the test configurations specified in Table 4.11-3 (for a BS declared to be capable of multi-band operation).

2)	Band combination 2: The purpose is to test the performance in the smallest possible gap between the frequency bands.
-	Out of the possible multi-band combinations, take the combination that results in the smallest possible inter-band RF bandwidth gap.
-	Perform conformance testing using the test configurations specified in Table 4.11-3 (for a BS declared to be capable of multi-band operation).
-	The mirror image of the single-band test configuration shall be used to ensure a narrowband carrier being placed at both edges of the smallest possible inter-band RF bandwidth gap.
-	Widest supported E-UTRA channel bandwidth shall be used for the carriers that are not at the edges of the smallest possible inter-band RF bandwidth gap. And these carriers shall be placed to generate (together with carriers at both edges of the smallest possible inter-band RF bandwidth gap) third-order intermod products in the smallest possible inter-band RF bandwidth gap.

This is illustrated in Figure 3 below: (a) Band combination 1 and (b) Band combination 2 for testing BS that supports multiple dual-band combinations in 3 frequency bands.  Note that these 2 band combinations represent the most stringent cases for the BS, Band combination 1 with maximum radio bandwidth where the Inter-Modulation Distortion (IMD) is reaching far into the out-of-band emission range, and Band combination 2 with the carriers placed to cause a high level of IMD in the inter-band RF bandwidth gap. Moreover, it can be seen from Figure 2 above that testing with our proposal would require only one-third of the effort when compared to testing all possible combinations where any 2 out of 4 bands can be operated simultaneously.
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Figure 3: TC1 and TC2 for testing of BS that supports multiple dual-band combinations in 3 frequency bands

2.4	Pseudo CR of the proposed changes

From the discussion above, the following subclauses in TS 36.141 should be changed as follow to cover the testing for BS capable of operation in three or more bands. Otherwise, the current requirements and tests can be applied.
[bookmark: _Toc319860275][bookmark: _Toc383652280]<Start of change>
[bookmark: _Toc408331075][bookmark: _Toc399966856][bookmark: _Toc383653863]4.6.8	Manufacturer's declarations of supported RF configurations
The manufacturer shall declare which operational configurations the BS supports by declaring the following parameters:
-	Support of the BS in non-contiguous spectrum operation. If the BS does not support non-contiguous spectrum operation the parameters for non-contiguous spectrum operation below shall not be declared.
-	The supported operating bands defined in subclause 5.5;
-	The frequency range within the above operating band(s) supported by the BS;
-	The maximum Base Station RF bandwidth supported by a BS within each operating band;
•	for contiguous spectrum operation
•	for non-contiguous spectrum operation
-	The supported operating configurations (multi-carrier, carrier aggregation, and/or single carrier) within each operating band.
-	The supported component carrier combinations at nominal channel spacing within each operating band and sub-block.
-	The rated output power per carrier;
•	for contiguous spectrum operation
•	for non-contiguous spectrum operation
NOTE 1:	Different rated output powers may be declared for different operating configurations.
NOTE 2:	Different rated output power may be declared for BS configured for 256QAM downlink operation.
-	The rated total output power as a sum of all carriers;
•	for contiguous spectrum operation
•	for non-contiguous spectrum operation
NOTE:	Different rated total output powers may be declared for BS configured for 256QAM downlink operation.
-	Maximum number of supported carriers within each band;
•	for contiguous spectrum operation
•	for non-contiguous spectrum operation
If the rated total output power and total number of supported carriers are not simultaneously supported, the manufacturer shall declare the following additional parameters:
· The reduced number of supported carriers at the rated total output power;
-	The reduced total output power at the maximum number of supported carriers.
For BS capable of multi-band operation, the parameters above shall be declared for each supported operating band , in which declarations of the maximum Base Station RF bandwidth, the rated output power per carrier, the rated total output power and maximum number of supported carriers are applied for single-band operation only.  In addition the manufacturer shall declare the following additional parameters for BS capable of multi-band operation:
-	Supported operating band combinations of the BS
-	Supported operating band(s) of each antenna connector
-	Support of multi-band transmitter and/or multi-band receiver, including mapping to antenna connector(s)
-	Total number of supported carriers for the declared band combinations of the BS
-	Maximum number of supported carriers per band in multi-band operation for the declared band combinations of the BS
-	Total RF bandwidth of transmitter and receiver for the declared band combinations of the BS
-	Maximum RF bandwidth of each supported operating band in multi-band operation for the declared band combinations of the BS
-	Maximum radio bandwidth in transmit and receive direction for the declared band combinations of the BS
-	Any other limitations under simultaneous operation in the declared band combinations of the BS which have any impact on the test configuration generation
-	Total output power as a sum over all supported operating bands in the declared band combinations of the BS
-	Maximum supported power difference between any two carriers in any two different supported operating bands
-	The rated output power per carrier in multi-band operation for the declared band combinations of the BS
-	Rated total output power of each supported operating band in multi-band operation for the declared band combinations of the BS
<Next changed section>
[bookmark: _Toc408331077]4.7.1	RF bandwidth position for multi-carrier and/or CA testing
Many tests in this TS are performed with the maximum RF bandwidth located at the bottom, middle and top of the supported frequency range in each operating band. These are denoted as BRFBW(bottom), MRFBW (middle) and TRFBW (top). 
Unless otherwise stated, the test shall be performed at BRFBW, MRFBW and TRFBW defined as following:
-	BRFBW: maximum RF bandwidth located at the bottom of the supported frequency range in each operating band;
-	MRFBW: maximum RF bandwidth located in the middle of the supported frequency range in each operating band;
-	TRFBW: maximum RF bandwidth located at the top of the supported frequency range in each operating band.
For BS capable of dualmulti-band operation, unless otherwise stated, the test shall be performed at BRFBW_T’RFBW and B’RFBW_TRFBW defined as following:
BRFBW_ T’RFBW: the RF bandwidths located at the bottom of the supported frequency range in the lower operating band and at the highest possible simultaneous frequency position, within the maximum radio bandwidth, in the upper operating band.
B’RFBW_TRFBW: the RF bandwidths located at the top of the supported frequency range in the upper operating band and at the lowest possible simultaneous frequency position, within the maximum radio bandwidth, in the lower operating band.
NOTE:	BRFBW_T’RFBW = B’RFBW_TRFBW = BRFBW_TRFBW when the declared maximum radio bandwidth spans both all supported operating bands. BRFBW_TRFBW means the RF bandwidths are located at the bottom of the supported frequency range in the lower lowest operating band and at the top of the supported frequency range in the upper highest operating band.
When a test is performed by a test laboratory, the position of BRFBW, MRFBW and TRFBW in each supported operating band, as well as the position of BRFBW_T’RFBW and B’RFBW_TRFBW in the supported operating band combinations, shall be specified by the laboratory. The laboratory may consult with operators, the manufacturer or other bodies.
<Next changed section>
[bookmark: _Toc408331093][bookmark: _Toc383653879]4.10.4.1	ETC4 generation
ETC4 is based on re-using the existing test configuration applicable per band involved in multi-band operation. It is constructed using the following method: 
-	The RF bandwidth of each supported operating band shall be the declared maximum RF bandwidth in multi-band operation. 
-	The number of carriers of each supported operating band shall be the declared maximum number of supported carriers in multi-band operation. Carriers shall first be placed at the outermost edges of the declared maximum radio bandwidth. Additional carriers shall next be placed at the edges of the RF bandwidths, if possible.
-	The allocated RF bandwidth of the outermost bands shall be located at the outermost edges of the declared maximum radio bandwidth. The allocated RF bandwidth of the middle band(s) shall be located within the frequency range(s) supported by the BS in the middle band(s) to obtain the narrowest possible gap(s) between the newly added block(s) and the existing blocks in the TC.
-	Each concerned band shall be considered as an independent band and the corresponding ETC1 shall be generated in each band, first at the outermost bands then in the middle bands. The mirror image of the single-band test configuration shall be used in the highest band being tested for the BS to ensure a narrowband carrier being placed at both edges of the BS maximum radio bandwidth.
-	If a multi-band BS supports three carriers only in two operating bands, two carriers shall be placed in one band according to ETC1 while the remaining carrier shall be placed at the edge of the maximum radio bandwidth in the other band. 
-	If only 1 carrier can be placed in a supported operating band, then the carrier in an outermost band shall be placed at the outermost edge of the declared maximum radio bandwidth, and the carrier in a middle band shall be placed within the frequency range supported by the BS to obtain the narrowest possible gap between the newly added carrier and the existing carriers in the TC.
-	If the sum of the maximum RF bandwidth of each supported operating bands is larger than the declared total RF bandwidth of transmitter and receiver for the declared band combinations of the BS, repeat the steps above for test configurations where the RF bandwidth of one of the operating band shall be reduced so that the total RF bandwidth of transmitter and receiver is not exceeded and vice versa. 
-	If the sum of the maximum number of supported carrier of each supported operating bands in multi-band operation is larger than the declared total number of supported carriers for the declared band combinations of the BS, repeat the steps above for test configurations where in each test configuration the number of carriers of one of the operating band shall be reduced so that the total number of supported carriers is not exceeded and vice versa.
<Next changed section>
[bookmark: _Toc408331096][bookmark: _Toc383653882]4.10.5.1	ETC5 generation 
ETC5 is based on re-using the existing test configuration applicable per band involved in multi-band operation. It is constructed using the following method: 
-	The RF bandwidth of each supported operating band shall be the declared maximum RF bandwidth in multi-band operation. 
-	The allocated RF bandwidth of the outermost bands shall be located at the outermost edges of the declared maximum radio bandwidth. The allocated RF bandwidth of the middle band(s) shall be located within the frequency range(s) supported by the BS in the middle band(s) to obtain the narrowest possible gap(s) between the newly added block(s) and the existing blocks in the TC.
-	The maximum number of carriers is limited to two per band.  Carriers shall first be placed at the outermost edges of the declared maximum radio bandwidth. Additional carriers shall next be placed at the edges of the RF bandwidths, if possible.
-	Each concerned band shall be considered as an independent band and the corresponding ETC3 shall be generated in each band, first at the outermost bands then in the middle bands. Narrowest supported E-UTRA channel bandwidth shall be used in the test configuration. 
-	If a multi-band BS supports three carriers only in two operating bands, two carriers shall be placed in one band according to ETC3 while the remaining carrier shall be placed at the edge of the maximum radio bandwidth in the other band.
-	If only 1 carrier can be placed in a supported operating band, then the carrier in an outermost band shall be placed at the outermost edge of the declared maximum radio bandwidth, and the carrier in a middle band shall be placed within the frequency range supported by the BS to obtain the narrowest possible gap between the newly added carrier and the existing carriers in the TC.
-	If the sum of the maximum RF bandwidth of each supported operating bands is larger than the declared total RF bandwidth of transmitter and receiver for the declared band combinations of the BS, repeat the steps above for test configurations where the RF bandwidth of one of the operating band shall be reduced so that the total RF bandwidth of transmitter and receiver is not exceeded and vice versa.
[bookmark: _Toc399966880]<Next changed section>
4.12	Requirements for BS capable of multi-band operation
For BS capable of multi-band operation, the RF requirements in clause 6 and 7 apply for each supported operating band unless otherwise stated. For some requirements it is explicitly stated that specific additions or exclusions to the requirement apply for BS capable of multi-band operation.
For BS capable of multi-band operation, various structures in terms of combinations of different transmitter and receiver implementations (multi-band or single band) with mapping of transceivers to one or more antenna port(s) in different ways are possible. In the case where multiple bands are mapped on separate antenna connectors, the following applies:
-	Single-band ACLR, operating band unwanted emissions, transmitter spurious emissions, transmitter intermodulation and receiver spurious emissions requirements apply to each antenna connector.
-	If the BS is configured for single-band operation, single-band requirements shall apply to the antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable BS are applicable. Single-band requirements are tested separately at the antenna connector configured for single-band operation, with all other antenna connectors terminated.
For a BS capable of multi-band operation supporting bands for TDD, the RF requirements in the present specification assume synchronized operation, where no simultaneous uplink and downlink occur between the supported operating bands.
For BS capable of supporting multiple multi-band combinations, two multi-band combinations out of the supported ones shall be tested:
1)	Band combination 1: The purpose is to test the performance at highest possible instantaneous radio bandwidth and to check the frequency range outside of the outermost frequency bands.
-	Out of the possible multi-band combinations, take the combination that results in the highest possible instantaneous radio bandwidth.
-	Perform conformance testing using the test configurations specified in Table 4.11-3 (for a BS declared to be capable of multi-band operation).
2)	Band combination 2: The purpose is to test the performance in the smallest possible gap between the frequency bands.
-	Out of the possible multi-band combinations, take the combination that results in the smallest possible inter-band RF bandwidth gap.
-	Perform conformance testing using the test configurations specified in Table 4.11-3 (for a BS declared to be capable of multi-band operation).
-	The mirror image of the single-band test configuration shall be used to ensure a narrowband carrier being placed at both edges of the smallest possible inter-band RF bandwidth gap.
-	Widest supported E-UTRA channel bandwidth shall be used for the carriers that are not at the edges of the smallest possible inter-band RF bandwidth gap. And these carriers shall be placed to generate (together with carriers at both edges of the smallest possible inter-band RF bandwidth gap) third-order intermod products in the smallest possible inter-band RF bandwidth gap.
<End of change>

3.	Conclusion
The current requirements specified in TS 36.104 and TS 36.141 for BS capable of multi-carrier and/or CA operation in contiguous or non-contiguous spectrum in single or multi-band are agnostic to the number of CC in each operating band or each of the two sub-blocks within each operating band supported by the BS in intra-band or inter-band CA operation, and thus can be applied for supporting three or more bands, except subclauses 4.6.8, 4.7.1, 4.10.4.1, 4.10.5.1 and 4.12 in TS 36.141 need to be updated to cover the testing for BS capable of operation in three or more bands. The required changes have proposed in this paper, and a pseudo CR has been provided to implement the changes in TS 36.141.
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