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<Start of Changes>
1
Scope


The present document is the Technical Report for the Work Item on Multi-band and Multi-standard radio BS requirements.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 25.104: “Base Station (BS) radio transmission and reception (FDD)”.
[3]
3GPP TS 25.105: “Base Station (BS) radio transmission and reception (TDD)”.
[4]
3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”.
[5]
3GPP TS 45.005: "Radio transmission and reception".

[6]
3GPP TS 37.104: “E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception”.
[7]
3GPP TR 37.900: “Radio Frequency (RF) requirements for Multicarrier and Multiple Radio Access Technology (Multi-RAT) Base Station (BS)”.

[8]
3GPP TR 37.802: “Multi-standard radio Base Station (BS) Radio Frequency (RF) requirements for non-contiguous spectrum deployments”
[9]
3GPP TR 25.942: “Radio Frequency (RF) system scenarios”.

[10]
3GPP TR 25.951: “FDD Base Station (BS) classification”
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Band category: A group of operating bands for which the same MSR scenarios apply
Base Station RF bandwidth: The bandwidth in which a Base Station transmits and receives multiple carriers and/or RATs simultaneously within each supported operating band
Base Station RF bandwidth edge: The frequency of one of the edges of the Base Station RF bandwidth
Carrier: The modulated waveform conveying the E-UTRA, UTRA or GSM/EDGE physical channels
Carrier aggregation: aggregation of two or more E-UTRA component carriers in order to support wider transmission bandwidths 

Carrier aggregation band: a set of one or more operating bands across which multiple E-UTRA carriers are aggregated with a specific set of technical requirements.

NOTE:
Carrier aggregation band(s) for an E-UTRA BS is declared by the manufacturer according to the designations in Tables 5.5-2 to 5.5-3 of TS 36.104 [4] 

Channel bandwidth: The bandwidth supporting a single E-UTRA, UTRA or GSM/EDGE RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

Contiguous carriers: a set of two or more carriers configured in a spectrum block where there are no RF requirements based on co-existence for un-coordinated operation within the spectrum block.

Carrier power: The power at the antenna connector in the channel bandwidth of the carrier averaged over at least one subframe for E-UTRA, at least one slot for UTRA and the useful part of the burst for GSM/EDGE.

Configured carrier power: Target maximum power for a specific carrier for the operating mode set in the BS

Contiguous spectrum: Spectrum consisting of a contiguous block of spectrum with no sub-block gaps.

Downlink operating band: The part of the operating band designated for downlink. 

Inter RF bandwidth gap: The frequency gap between two consecutive RF bandwidths that are placed within  two supported operating bands.
Inter-band carrier aggregation: carrier aggregation of E-UTRA component carriers in different operating bands.

NOTE:
Carriers aggregated in each band can be contiguous or non-contiguous.

Intra-band contiguous carrier aggregation: contiguous E-UTRA carriers aggregated in the same operating band. 

Intra-band non-contiguous carrier aggregation: non-contiguous E-UTRA carriers aggregated in the same operating band. 

Lower RF bandwidth edge:  The frequency of the lower edge of the Base Station RF bandwidth, used as a frequency reference point for transmitter and receiver requirements.

Lower sub-block edge: The frequency at the lower edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.
Maximum Base Station RF bandwidth: The maximum RF bandwidth supported by a BS within each supported operating band.
NOTE:
The Maximum Base Station RF bandwidth for BS configured for contiguous and non-contiguous operation within each supported operating band is declared separately.

Maximum carrier output power: Carrier power available at the antenna connector for a specified reference condition.
Maximum RAT output power: The sum of the power of all carriers of the same RAT available at the antenna connector for a specified reference condition.
Maximum throughput: The maximum achievable throughput for a reference measurement channel. 

Maximum total output power: The sum of the power of all carriers available at the antenna connector for a specified reference condition.
MB-MSR Base Station: MSR Base Station characterized by the ability of its transmitter and/or receiver to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s).
Measurement bandwidth: The bandwidth in which an emission level is specified.

MSR Base station: Base Station characterized by the ability of its receiver and transmitter to process two or more carriers in common active RF components simultaneously in a declared RF bandwidth, where at least one carrier is of a different RAT than the other carrier(s). 
Multi-band transmitter: Transmitter characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s).

Multi-band receiver: Receiver characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s).
Non-contiguous spectrum: Spectrum consisting of two or more sub-blocks separated by sub-block gap(s).

Occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean power of a given emission.

Operating band: A frequency range in which E-UTRA, UTRA or GSM/EDGE operates (paired or unpaired), that is defined with a specific set of technical requirements.

NOTE:
The operating band(s) for a BS is declared by the manufacturer.
Sub-block: This is one contiguous allocated block of spectrum for use by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth.

Sub-block bandwidth: The bandwidth of one sub-block.

Sub-block gap: A frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation.

Synchronized operation: Operation of TDD in two different systems, where no simultaneous uplink and downlink occur.
Throughput: The number of payload bits successfully received per second for a reference measurement channel in a specified reference condition.

Transmission bandwidth: Bandwidth of an instantaneous E-UTRA transmission from a UE or BS, measured in Resource Block units.

Transmitter ON period: The time period during which the BS transmitter is transmitting data and/or reference symbols

Transmitter OFF period: The time period during which the BS transmitter is not allowed to transmit

Transmitter transient period: The time period during which the transmitter is changing from the OFF period to the ON period or vice versa

Unsynchronized operation: Operation of TDD in two different systems, where the conditions for synchronized operation are not met.

Uplink operating band: The part of the operating band designated for uplink. 

Upper RF bandwidth edge: The frequency of the upper edge of the Base Station RF bandwidth, used as a frequency reference point for transmitter and receiver requirements 

Upper sub-block edge: The frequency at the upper edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.
<Next Section>
4.4
Manufacturer’s declaration

For BS capable of multi-band operation, the existing set of parameters in sub-clause 4.7.2 in TS 37.141 can be applied for each operating band, in which declarations of the maximum RF bandwidth and rated total output power are applied for single-band operation only. In addition, manufacturer’s declaration shall reflect the capability of total resources for all supported operating bands such as the rated total output power, total number of supported carriers and total bandwidth of transmitter and receiver.

The following additional declarations need to be considered for BS capable of multi-band operation:

· Supported operating band combinations of the BS
· Supported operating band(s) of each antenna connector

· Supported operating bands at 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
· Total RF bandwidth of transmitter and receiver (maximum sum of RF bandwidths in all supported operating bands) for the declared band combinations of the BS

· Maximum RF bandwidth of each supported operating band in multi-band operation
· Maximum radio bandwidth in transmit and receive direction (maximum frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier) 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
· Rated total output power of each supported operating band in multi-band operation
Note that other parameters are for further studies.
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Figure 4.4-1 Illustration of different bandwidths for multi-band operation
4.5
Applicability of MB-MSR requirements

Most core requirements in TS 37.104 remain unchanged for BS capable of multi-band operation and apply as they are stated for each of the operating bands. There will be a few exceptions where there are specific additions or exclusions. In order to make this fact clear to a reader of the specification, it should be made visible by having a separate subclause for BS capable of multi-band operation in the general clause 4 of the specification.
The clause can be quite short and should explain that for BS capable of multi-band operation, the RF requirements in clause 6 and 7 apply for each operating band unless otherwise stated and that for some requirements it is explicitly stated that specific additions or exclusions to the requirement apply for multi-band BS operation.
There is also a need to update the tables in clause 5.1 (Applicability of requirements) to reflect that requirements apply for each band.
For MB-MSR base station, various possible structures based on combination of different transmitter and receiver implementations (multi-band or single band) as well as mapping of transceivers to antenna ports in different ways are captured in subclause 5.3. Independent of the BS structure, the core requirements shall be developed in a BS implementation agnostic way.

4.5.1
RF requirements in case of separate ports per band

Several RF requirements for multiband operation allow for “joint exclusion areas” for transmitter (and receiver) unwanted emissions and for receiver blocking, in case of structures where bands are mapped on the same antenna connector. The case where multiple bands are mapped on separate antenna connectors does however require additional consideration.
For the case where bands are mapped on separate connectors, there is an implementation dependency, where for a single band receiver implementation, turning off the receiver for a specific band is fully possible, while it is not possible for a multiband receiver implementation. For these reasons, it is reasonable to always apply the “joint exclusion area” for the receiver blocking and thereby have the same RF requirements for the case where bands are mapped on separate ports and the case where bands are mapped on the same port.

The situation is different for unwanted emissions requirements, where allowing a “joint exclusion area” for the case where bands are mapped on separate ports may result in increased emission levels, since the co-existence emission requirements would be replaced with in-band emission requirements, which could potentially increase the interference towards UEs. Figure 4.5.1-1 illustrates antenna connector cases to help understand the concern related to co-existence scenario.
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Figure 4.5.1-1 MB-MSR antenna connector cases
Case 1 is a MB-MSR BS with separate antenna connectors and case 2 is a MB-MSR BS with common antenna connector. For case 1, in-band spurious emissions at Band X and Band Y are both -15dBm/MHz. If we test the spurious emissions at B_X connector in the above figure, the spurious emissions at Band Y is -15dBm according to the exclusion rule for MB-MSR. Cumulated with the spurious emissions at Band Y itself at B_Y connector, the total spurious emissions at frequency range of Band Y of this base station is -12dBm/MHz. However, if spurious emission of Band Y at B_X connector follow single band requirement with -52dBm/MHz, it will not affect the total base station spurious emission level at Band Y. In this case, the spurious emission will be determined by Band Y in-band spurious emission level, that is -15dBm/MHz. For Case 2, since a common antenna connector is shared by two bands, the space spurious emission level in the frequency ranges of each bands will be -15dBm/MHz.
Note however that this is the worst case scenario when no filter attenuation on the TX side is assumed between the two bands.  In reality, filters would be necessary to fulfil other requirements such as co-location limits, where joint exclusion areas would not apply and there would therefore not be any increase of emissions.

For these reasons, it is reasonable to have a stricter interpretation for the unwanted emission limits and to not apply the “joint exclusion areas” for unwanted emissions in the case where bands are mapped on separate ports. The implication is the following:

-
The transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements apply to each antenna connector and will be the same as the respective single-band requirements.

There is a different scenario, where a BS is capable of multi-band operation and where the bands are mapped on separate ports, but where the BS is only operating in a single band on one of the antenna connectors. In this case, the BS in this mode of operation is not different from a single-band BS operating with Rx or Tx mapped on one antenna connector. The implication is the following:

-
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.
<Next Section>
6.1
General

The current MSR transmitter requirements are classified to in-band requirements and out-of-band requirements, where UEM, ACLR/CACLR, EVM and transmit IM are examples for in-band requirements and spurious emission requirement represents out-of-band requirement. As pointed out in subclause 5.4, these transmitter requirements can generally be kept unchanged and applied for MB-MSR on a per-band basis depending on which Band Category the supported operating bands belong to. Exceptions are transmitter requirements for band combinations with minimum inter RF bandwidth gap <20MHz and the spurious emission requirement. Specific additions/exclusions are needed for the mentioned exception cases. The detailed analysis for each requirement can be found in the respective subclasses of clause 6.

The transmitter requirements in clauses 6 are applicable for both multi-RAT operation and single-RAT operation, where single RAT operation means the same RAT is configured in all supported operating bands.


The requirements apply to the antenna connector(s) of the multiband capable BS according to subclause 4.5.1.
<Next Section>
7.1
General

The receiver requirements can be classified into in-band requirements and out-of-band requirements. Receiver sensitivity, in-band blocking, RX intermodulation etc are examples of in-band requirements while out-of-band blocking and receiver spurious emission represent out-of-band requirements. For MB-MSR, in principle all in-band requirements should be applied on a per band basis while for the out-of-band requirement, there is a need to introduce exclusion areas.  The detailed analysis for each requirement can be found in the respective subclasses of clause 7.
The receiver requirements in clause 7 are applicable for both multi-RAT operation and single-RAT operation, where single RAT operation means the same RAT is configured in all supported operating bands.


The requirements apply to the antenna connector(s) of the multiband capable BS according to subclause 4.5.1.
<Next Section>
7.4
In-band selectivity and blocking

The in-band selectivity and blocking characteristics are measures of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer inside the operating band and are defined by a wideband and a narrowband blocking requirement.
As explained in subclause 7.1 and 7.5, for a multi-band receiver capable of operating in band X and Y, the band Y in-band blocking range should be excluded from the band X out-of-band blocking requirement and vice versa. For this joint exclusion area, the in-band blocking requirement would apply instead.

In order to minimize the impact of blocking between the bands, the in-band blocking is modified for multi-band capable BS to ensure that the blocking probability for each band is kept to a reasonably low level and does not increase proportionally with the added frequency range with multiple bands. In order to achieve this, the interfering signal in one band should degrade the wanted signal level for the other band by much less than the 6 dB applied for in-band blocking within one band. The allowed degradation can be determined through analysis of blocking probabilities. 

The in-band blocking requirements are normally derived through system simulations giving a distribution of potential interfering signal levels. The maximum in-band blocking interferer level is then picked so that it is not exceeded in 99.99% of the cases for macro scenarios [9] or 99.98% of the cases for micro scenarios [9, 10]. This gives 0.01% and 0.02% blocking probability respectively for macro and micro scenarios.

If the frequency range with potential blockers is extended with another band of equal size and we allow the same 6 dB level of degradation, the probability of not being blocked (in the macro scenario) will be 99.99% from each of the bands. The total blocking probability will then be

P[blocked] = 1 – P [Not blocked] = 1 - 0.9999 x 0.9999 ≈ 0.02%

In order to avoid this doubling of the blocking probability, it is agreed to allow for less degradation in case of a blocker in the “other” band. If we want interferers in the "other" band to have a considerably reduced impact on blocking, we need a probability of not being blocked much closer to 1 from that band, rather than 0.9999.
The blocking probability has a very strong dependence on the assumed blocking limit, which has been showed in numerous simulations documented in 3GPP TRs [9, 10]. The results show that the probability of not being blocked is much closer to 1 if the blocking limit is increased 4-5 dB. The same effect would occur if the system can be more resistant to the same blocking limit, i.e. the degradation for the same blocking level in the “other” band will be less than the usual 6 dB in order to reduce the blocking impact. Such a decreased degradation can be translated into an equivalent reduction in blocking interferer level.
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Figure 7.4-1: Relation between the equivalent interferer level and degradation
Figure 7.4-1 shows the relation between interferer level and the resulting degradation, assuming that the interferer adds linearly to noise as power. The relation shows that a reduced degradation from 6 to 1.4 dB corresponds to an equivalent 9 dB decrease in the interferer level. When translating this 9 dB reduced interferer level into a reduced blocking probability, it can be seen that it results in a considerably reduced impact on the blocking probability. It is therefore sufficient to reduce the degradation for in-band blocking from the “other” band from 6 to 1.4 dB. This would ensure that the blocking probability for each band is kept to a reasonably low level and does not increase proportionally to the added frequency range with multiple bands. The note in the blocking tables is modified accordingly.

For multi-band combination where the bands are close to each other, the inter RF bandwidth gap may be so small that the frequency range for the in-band blocking requirement overlaps, which means that the joint exclusion area is actually a contiguous frequency range. In this case the usual in-band blocking requirement (with 6 dB sensitivity degradation for UTRA/E-UTRA) should apply for the full in-band blocking frequency range listed for the operating band, while the lower sensitivity degradation would apply outside that frequency range in the joint exclusion area.
<Next Section>
8
Test specification

8.1
General

Considering the test complexity and foreseeable market need, testing work for MB-MSR is in the group to be focused on MB-MSR BSs capable of dual-band operation in this WI stage. Test specification for more than dual-band operation should not be explicitly excluded, but has lower priority.
Interfering signal is needed for the requirements of transmitter intermodulation, in-band selectivity and blocking and receiver intermodulation. For BS capable of multi-band operation with separate antenna for each band, the interfering signal(s) only apply at one antenna connector.
8.2
Test configurations

8.2.1
Test configurations for multi-band operation

When constructing test configuration for multi-band operation, it should be kept in mind that it is used to test multi-band operation with each supported band activated. For each supported band, it is reasonable to reuse the existing test configuration as much as possible.
In order to test the most stressful scenario for each requirement, two kinds of multi-band test configurations are possible for multi-band test. One test configuration is generated by larger number of carriers and shall be used for verification of BS maximum output power, output power dynamics, transmit ON/OFF power, transmit modulation quality and frequency error; the other test configuration is generated by smaller number of carriers with higher PSD in each carrier and shall be used for verification of all requirements which need multi-band test except above ones.
8.2.1.1 TC7a
With principles above, some suggested steps for constructing test configuration with larger number of carriers are described as follow:

●
The RF bandwidth of each supported operating band shall be the declared maximum RF bandwidth of each supported operating band in multi-band operation. 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, then multiple test configurations shall be used where in each test configuration 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, in order to ensure each band can be tested with its declared maximum RF bandwidth. The allocated RF bandwidth of the outermost bands shall be located at the outermost edges of the declared maximum radio bandwidth.
●
The number of carriers of each supported operating band shall be the declared maximum number of supported carrier of each supported operating band in multi-band operation. 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, then multiple test configurations shall be used 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 be exceeded, in order to ensure each band can be tested with its declared total number of supported carriers per band for multi-band operation.
●
Each concerned band shall be considered as an independent band and corresponding test configuration generation shall be applied for each band. The mirror image of the single band TC 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.
●
Band category and declared per band capability set shall be used to generate per band RAT/carrier allocation. The applicability of existing TC is elaborated in Table 8.2.1-1 for each band category. If a multi-band BS supports 3 carriers, only 2 carriers shall be placed in one band according to the relevant TC, the remaining carrier shall be placed at the edge of the maximum radio bandwidth
●
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 can 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 can be reallocated into the other carriers.
NOTE:  Test configuration is taking into account there are no other limitations under simultaneous operation in the declared band combinations. If there are, parameters shall be adjusted according to declared parameter: any other limitations under simultaneous operation in the declared band combinations of the BS which have any impact on the test configuration generation. 
Table 8.2.1-1: The applicability of existing TC for each band
	BC
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6

	BC1
	TC1a
	TC 2
	TC 3a
	N/A
	N/A
	N/A

	BC2
	TC 1a
	TC 2
	TC 3a
	TC 4a for TX

TC 5a for RX
	TC 4b for TX

TC 5b for RX
	TC 4c for TX

TC 5b for RX

	BC3
	TC 1b
	TC 2
	TC 3b
	N/A
	N/A
	N/A


8.2.1.2 TC7b
Also, suggested steps for constructing test configuration with minimum number of carriers are described as follow:

●
The RF bandwidth of each supported operating band shall be the declared maximum RF bandwidth of each supported operating band in multi-band operation. 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, then multiple test configurations shall be used where in each test configuration 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, in order to ensure each band can be tested with its declared maximum RF bandwidth. 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 in a test configuration for MB-MSR is limited to 4 per band if non-contiguous operation is supported or limited to 2 per band if only contiguous operation is supported. 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 and at the edges of the sub-blocks according to NTC used in Table 8.2.1-2, if possible.
●
The narrowest supported E-UTRA channel bandwidth shall be used in the test configuration.
●
Each concerned band shall be considered as an independent band and corresponding non-contiguous test configuration generation shall be applied for each band. For the band which does not support non-contiguous operation in a supported band, sub-blocks are not considered in test configuration generation for that band. The mirror image of the single band TC 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.
●
Band category and declared per band capability set shall be used to generate per band RAT/carrier allocation. The applicability of existing TC is elaborated in Table 8.2.1-2 for each band. 
Table 8.2.1-2: The applicability of existing NTC for each band
	BC
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6

	BC1
	NTC1a
	NTC 2
	NTC 3a
	N/A
	N/A
	N/A

	BC2
	NTC 1a
	NTC 2
	NTC 3a
	NTC 4a for TX

NTC 5a for RX
	NTC 4b for TX

NTC 5b for RX
	NTC 4c for TX

NTC 5c for RX

	BC3
	 NTC 1a*
	NTC 2
	 NTC 3a*
	N/A
	N/A
	N/A

	*corresponding test configurations to be revised in 37.141


●  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 can 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 can be reallocated into the other carriers.
NOTE 1:  Test configuration is taking into account there are no other limitations under simultaneous operation in the declared band combinations. If there are, parameters shall be adjusted according to declared parameter: any other limitations under simultaneous operation in the declared band combinations of the BS which have any impact on the test configuration generation. 

NOTE 2:  The text describing TC7b may be modified if new test configurations can be created, replacing existing NTC test configurations.  

8.2.1.3 TC7c
Furthermore, additional test configuration is needed for single-RAT GSM/EDGE UEM requirement evaluation for multi-band base station supporting GSM/EDGE single-RAT operation in BC2 band (TC7c):

●[
The RF bandwidth of each supported operating band shall be the declared maximum RF bandwidth of each supported operating band in multi-band operation. 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, then multiple test configurations shall be used where in each test configuration 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, in order to ensure each band can be tested with its declared maximum RF bandwidth. 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 in a test configuration for BC1 band is limited to 2. Carriers shall first be placed at the outermost edges of the declared maximum radio bandwidth. Additional carrier shall next be placed at the edge of the RF bandwidth of BC1. Additional GSM carriers for BC2 band shall be placed according to test case b) in TS 51.021 clause 6.12.2.

●
The narrowest supported E-UTRA channel bandwidth shall be used in the test configuration for BC1 band.
●
BC1 band shall be considered as an independent band and corresponding non-contiguous test configuration generation shall be applied for that band. For the band which does not support non-contiguous operation in a supported band, sub-blocks are not considered in test configuration generation for that band.

●
Band category and declared per band capability set shall be used to generate per band RAT/carrier allocation. The applicability of existing TC is elaborated in Table 8.2.1-3 for each band. 
Table 8.2.1-3: The applicability of existing NTC for each band
	BC
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6

	BC1
	NTC1a
	NTC2
	NTC3a
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	test case b) in TS 51.021
	test case b) in TS 51.021
	test case b) in TS 51.021


●
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 can 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 can be reallocated into the other carriers.
NOTE:   Test configuration is taking into account there are no other limitations under simultaneous operation in the declared band combinations. If there are, parameters shall be adjusted according to declared parameter: any other limitations under simultaneous operation in the declared band combinations of the BS which have any impact on the test configuration generation. ]
8.2.2
RF channels

For multi-band operation, the tested RF bandwidth positions in each band shall allow verification of the multi-band capability and the requirements inside the inter RF bandwidth gap. Therefore, it is important to verify the operation at the declared maximum radio bandwidth with the placement of RF bandwidths at BRFBW and TRFBW positions in each operating band.
For BS capable of dual-band operation, unless otherwise stated, the test shall be performed at BRFBW_T’RFBW, B’RFBW_TRFBW and TRFBW_BRFBW 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.
TRFBW_BRFBW: maximum RF bandwidth located at the top of the supported frequency range in the lower band and at the bottom of the supported frequency range in the upper 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.


8.3
 Applicability of requirements and test configurations
In principal, for a BS supporting multi-band operation, it should be verified in both the configurations of single-band and multi-band operation separately. It is obvious that both multi-band operation test and single-band operation test for all the requirements will dramatically increase the test amount. In order to limit the test number but still ensure the performance of both multi-band and single operation, applicability of the test category for each requirement is studied by companies. 
Before the applicability table is formed, several general principles to create the table are listed as below:
1. Requirements that need multi-band operation test should be identified according to the principle that whether the carriers in different bands would impact each other to meet the requirements.
2. In addition to multi-band operation test for these requirements, whether single-band operation tests for each band are still needed. 
3. Three kinds of test are expected: single-band operation test, multi-band operation test and both multi-band operation test and sing-band operation test.
4. In single-band operation test, single-band test configuration and applicability for each requirement in current specifications is reused for each band. 
5. In multi-band operation test, multi-band test configuration is configured for all supported operating bands, the applicability for multi-band TC need to be specified for each requirement.
6. Unless otherwise stated, the requirements defined for BS capable of multi-band operation are applied for both single-band and multi-band operation test for a MB BS.
7. In addition to the above principles, exceptions in core requirements for separate antenna case should still be taken into consideration:
· The transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements apply to each antenna connector and will be the same as the respective single-band requirements. 
· 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. “SBT” in the table below denotes the requirement needs to perform single-band operation test for each supported band. “MBT” in the table below denotes the requirement needs to perform multi-band operation test. 
Table 1: Test configurations for Multi-Band capable BS
	BS test case
	Test for MB capable BS
	Test configuration for MBT

	
	Multi-band antenna connector
	Single-band antenna connector
	BC1/BC2
	BC3

	6.2 Base Station output power
	-
	-
	-
	-

	Base Station maximum output power 
	SBT, MBT
	SBT, MBT
	TC7a
	TC7a

	Additional regional requirement
(only for band 34)
	SBT
	SBT
	
	

	E-UTRA for DL RS power
	SBT
	SBT
	
	

	UTRA FDD primary CPICH power
	SBT
	SBT
	
	

	UTRA TDD primary CCPCH power
	SBT
	SBT
	
	

	6.3 Output power dynamics
	-
	-
	
	

	E-UTRA
	SBT, MBT
	SBT, MBT
	TC7a
	TC7a

	UTRA FDD
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	UTRA TDD
	SBT, MBT
	SBT, MBT
	N/A
	TC7a

	GSM/EDGE
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	6.4 Transmit ON/OFF power
	
	
	-
	-

	Transmitter OFF power
	MBT
	MBT
	N/A
	TC7a

	Transmitter transient period
	MBT
	MBT
	N/A
	TC7a

	6.5 Transmitted signal quality
	
	
	
	

	6.5.1 Modulation quality
	
	
	
	

	E-UTRA
	SBT, MBT
	SBT, MBT
	TC7a
	TC7a

	UTRA FDD
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	UTRA TDD
	SBT, MBT
	SBT, MBT
	N/A
	TC7a

	GSM/EDGE
	SBT, MBT
	SBT, MBT
	TC7a
	N/A-

	6.5.2 Frequency error
	
	
	
	

	E-UTRA
	Same Test as used in 6.5.1
	Same Test as used in 6.5.1
	TC7a
	TC7a

	UTRA FDD
	Same Test as used in 6.5.1
	Same Test as used in 6.5.1
	TC7a
	N/A

	UTRA TDD
	Same Test as used in 6.5.1
	Same Test as used in 6.5.1
	N/A
	TC7a

	GSM/EDGE
	Same Test as used in 6.5.1
	Same Test as used in 6.5.1
	TC7a
	N/A

	6.5.3 Time alignment between transmitter branches
	
	
	
	

	E-UTRA
	SBT, MBT​​3
	SBT, MBT​​3
	TC7b
	TC7b 

	UTRA FDD
	SBT, MBT​​3
	SBT, MBT​​3
	TC7b
	N/A



	UTRA TDD
	SBT
	SBT
	N/A
	-

	6.6 Unwanted emissions
	
	
	
	

	6.6.1 Transmitter spurious emissions
	
	
	
	

	(Category A)
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	(Category B)
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	Additional requirement for BC2 (Category B)
	SBT, MBT1
	SBT2, MBT1,2
	TC7b
	N/A



	Protection of the BS receiver of own or different BS
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	Additional spurious emissions requirements
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	Co-location with other Base Stations
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	6.6.2 Operating band unwanted emissions
	
	
	
	

	General requirement for Band Categories 1 and 3
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	General requirement for Band Category 2
	SBT, MBT
	SBT2, MBT2
	TC7b
	N/A

	GSM/EDGE single-RAT requirement
	SBT, MBT
	SBT2,MBT2
	TC7c
	N/A

	Additional requirements
	SBT, MBT
	SBT2, MBT2
	-
	-

	6.6.3 Occupied bandwidth
	
	
	
	

	Minimum requirement
	SBT
	SBT
	-
	-

	6.6.4 Adjacent Channel Leakage power Ratio (ACLR)
	
	
	-
	-

	E- UTRA
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b 

	UTRA FDD
	SBT, MBT
	SBT2, MBT2
	TC7b
	N/A 

	UTRA TDD
	SBT, MBT
	SBT2, MBT2
	N/A
	TC7b

	Cumulative ACLR
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b 

	6.7 Transmitter intermodulation
	
	
	
	

	General requirement
	SBT[, MBT]
	SBT2[,MBT2]
	TC7b
	TC7b

	Additional requirement (BC1 and BC2)
	SBT[, MBT]
	SBT2[,MBT2]
	TC7b
	N/A

	Additional requirement (BC3)
	SBT[, MBT]
	SBT2[,MBT2]
	N/A
	TC7b

	7.2 Reference sensitivity level
	
	
	
	

	E-UTRA
	SBT
	SBT
	-
	-

	UTRA FDD
	SBT
	SBT
	-
	-

	UTRA TDD
	SBT
	SBT
	-
	-

	GSM/EDGE
	SBT
	SBT
	-
	-

	7.3 Dynamic range
	
	
	
	

	E-UTRA
	SBT
	SBT
	-
	-

	UTRA FDD
	SBT
	SBT
	-
	-

	UTRA TDD
	SBT
	SBT
	-
	-

	GSM/EDGE
	SBT
	SBT
	-
	-

	7.4 In- band selectivity and blocking
	
	
	
	

	General blocking requirement
	MBT
	SBT, MBT
	TC7b
	TC7b

	General narrowband blocking requirement
	MBT
	SBT, MBT
	TC7b
	TC7b 

	Additional narrowband blocking requirement for GSM/EDGE
	SBT
	SBT
	-
	

	GSM/EDGE requirements for AM suppression
	SBT
	SBT
	-
	

	Additional BC3 blocking requirement
	MBT
	SBT, MBT
	N/A
	TC7b

	7.5 Out-of-band blocking
	
	
	
	

	General requirement
	[MBT]
	SBT, [MBT]
	TC7b
	TC7b

	Co-location requirement
	[MBT]
	SBT, [MBT]
	TC7b
	TC7b

	7.6 Receiver spurious emissions
	
	
	
	

	General requirement
	SBT, MBT
	SBT2 MBT2
	TC7b
	TC7b

	Additional requirement for BC2 (Category B)
	SBT, MBT1
	SBT2, MBT1,2
	TC7b
	N/A



	7.7 Receiver intermodulation
	
	
	
	

	General intermodulation requirement
	MBT
	SBT, MBT
	TC7b
	TC7b

	General narrowband intermodulation requirement
	MBT
	SBT, MBT
	TC7b
	TC7b

	Additional narrowband intermodulation requirement for GSM/EDGE
	SBT
	SBT
	-
	-

	7.8 In-channel selectivity
	
	
	
	

	E-UTRA requirement
	SBT
	SBT
	-
	-

	NOTE 1:
For multi-band operation, this additional requirement for BC2 is only applied for the case all supported operating bands belong to BC2 and GSM/EDGE is configured in all bands.
NOTE 2:  For these requirements, single-band requirement apply to each antenna connector for both multi-band operation test and single-band operation test. For single-band operation test, other antenna connectors are terminated.
NOTE 3:  MBT is only applicable in the case if DB-DC-HSDPA / inter-band CA is supported.


<End of Changes>
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