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1. Introduction

Multi-band operation with more than two bands was discussed during the last RAN4 meetings. No agreement has been reached what are the necessary changes to the relevant test specifications. This documents discusses what are the expected impact to the test specification 36.141 in order to support multi-band operation for more than two bands. 
2. Discussion
As already discussed during previous RAN4 meetings, existing specifications 36.141 and 37.141 need few modifications in order to support multi-band operation for more than two bands. We expect the changes are needed to the following 36.141 sub-clauses (similar impact is forseen to 37.141):

- Manufacturer’s declarations of supported RF configurations,

- RF bandwidth position for multi-carrier and/or CA testing,

- ETC4 and ETC5 generation.
For manufacturer’s declarations of supported RF configurations, it is necessary to clarify some parameters need to be declared for each supported band combination. E.g. maximum number of supported carriers per band in multi-band operation needs to be declared for each band combination of the BS. Otherwise, it would be not clear if declared parameter is relevant to every supported multi-band scenario or to specific one only.

Regarding RF bandwidth position for multi-carrier and/or CA testing, several changes are forseen. First of all, dual-band limitation shall be changed to cover scenario with more than two bands. Furthermore, RF BW(s) location for band(s) which are not the outermost bands shall be clarified for scenario where three or more bands are supported in multi-band operation. During the RAN4#72bis, the following statement was provided in R4-146156: “In order to cover the testing for BS capable of operation in more than two bands, the subclauses discussed in section 2.2 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. Also 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”. It is questionable which scenario is the most demanding one as for small gaps the cumulative sum of contributions from adjacent sub-blocks is used for ACLR and UEM. Furthermore, small gaps may not fit the necessary interfering signal for Tx IM and various Rx requirements. Finally, the location of RF bandwidth with the smallest possible gap between blocks does not guarantee the worst case scenario as harmonics generation in PA is rather complex and vary for different scenarios. Applying test case with smallest gap would singnificantly increase the number of test cases as the smallest gap would need to be tested between each corresponding two bands in multi-band scenario (for multi-band operation with three/four bands - two test cases would be needed, for multi-band operation with five bands – three test cases would be needed, etc.). Due to the arguments above, it is proposed the RF bandwidth(s) in remaining (the middle ones, if any) supported operating band(s) in multi-band operation, shall be placed in the middle of the supported frequency range in those operating band(s).
Finally, additional changes are expected in ETC4/5 generation sub-clauses, including the statement how carriers shall be located when only one carrier can be placed in outermost supported operating band. Furthermore, it is necessary to clarify if BS supports multiple multi-band combinations, test configuration shall be repeated for every possible multi-band combination if different parameters for those combinations are declared, in order to guarantee parameters declared for specific multi-band scenario are properly tested.
3. Conclusion
In this document it was shown what are the expected changes to support multi-band operation for more than two bands. It is proposed to agree on text proposal shown in section 4. If proposed changes are agreeable by the group, corresponding CRs to 36.141 and 37.141 will be submitted to RAN4#73.

4. Draft CR to 36.141
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:
Different rated output powers may be declared for different operating configurations.
· The rated total output power as a sum of all carriers;
•
for contiguous spectrum operation
•
for non-contiguous spectrum 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 SECTION -------------------------------------

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 multi-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 lowest operating band and at the highest possible simultaneous frequency position, within the maximum radio bandwidth, in the highest operating band. The RF bandwidth(s) in remaining supported operating band(s) in multi-band operation, if any, shall be placed in the middle of the supported frequency range in those operating band(s).
B’RFBW_TRFBW: the RF bandwidths located at the top of the supported frequency range in the highest operating band and at the lowest possible simultaneous frequency position, within the maximum radio bandwidth, in the lowest operating band. The RF bandwidth(s) in remaining supported operating band(s) in multi-band operation, if any, shall be placed in the middle of the supported frequency range in those operating band(s).
NOTE:
BRFBW_T’RFBW = B’RFBW_TRFBW = BRFBW_TRFBW when the declared maximum radio bandwidth spans outermost operating bands. BRFBW_TRFBW means the RF bandwidths are located at the bottom of the supported frequency range in the lowest operating band and at the top of the supported frequency range in the 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 SECTION -------------------------------------

4.10.4
ETC4: Multi-band test configuration for full carrier allocation

The purpose of ETC4 is to test multi-band operation aspects considering maximum supported number of carriers.

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 in multi-band operation shall be the declared maximum RF bandwidth of each supported operating band in multi-band operation. 

-
The number of carriers of each supported operating band shall be the declared maximum number of supported carriers of each supported operating band 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.
-
Each concerned band shall be considered as an independent band and the corresponding ETC1 shall be generated in each band. 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 only one carrier can be placed in outermost supported operating band(s), the carrier(s) shall be placed at the outermost edges of the declared maximum radio bandwidth.
-
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.
-
If BS supports multiple multi-band combinations, test configuration shall be repeated for every possible multi-band combination if different parameters for those combinations are declared.
4.10.4.2
ETC4 power allocation
Unless otherwise stated, set the power of each carrier in all supported operating bands to the same power so that the sum of the carrier powers equals the total output power according to the manufacturer’s declaration.
If the allocated power of a supported operating band(s) exceeds the declared rated total output power of the operating band(s) in multi-band operation, the exceeded part shall, if possible, be reallocated into the other band(s). If the power allocated for a carrier exceeds the rated output power declared for that carrier, the exceeded power shall, if possible, be reallocated into the other carriers.

4.10.5
ETC5: Multi-band test configuration with high PSD per carrier

The purpose of ETC5 is to test multi-band operation aspects considering higher PSD cases with reduced number of carriers.

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 in multi-band operation shall be the declared maximum RF bandwidth of each supported operating band 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 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.

-
Narrowest supported E-UTRA channel bandwidth shall be used in the test configuration.
-
Each concerned band shall be considered as an independent band and the corresponding ETC3 shall be generated in each band. 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 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 BS supports multiple multi-band combinations, test configuration shall be repeated for every possible multi-band combination if different parameters for those combinations are declared.
4.10.5.2
ETC5 power allocation

Unless otherwise stated, set the power of each carrier in all supported operating bands to the same power so that the sum of the carrier powers equals the total output power according to the manufacturer’s declaration. 

If the allocated power of a supported operating band(s) exceeds the declared rated total output power of the operating band(s) in multi-band operation, the exceeded part shall, if possible, be reallocated into the other band(s). If the power allocated for a carrier exceeds the rated output power declared for that carrier, the exceeded power shall, if possible, be reallocated into the other carriers. 
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