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Introduction
One of the remaining open issues for MB-MSR is how the RF requirements apply in the case where multiple bands are mapped onto separate single-band antenna connectors. There were extensive discussions on this issue in RAN4#65 [1][2][3], but no conclusion was achieved yet. 
In this contribution, we presented our proposals and text proposals are also provided.
Discussion
For a MSR BS capable of multi-band operation, the MB-MSR requirements which were captured into TS 37.104 in RAN4#65 meeting shall be applied to one common multi-band antenna connector, irrespective of single-band or multi-band transceiver implementation. 
However with regard to separate single-band antenna connectors for each single-band Tx/Rx signal, there are different views on how to apply RF requirements to each antenna connector. We provided some analysis below:

Transmitter Requirements

For one common antenna connector, the existing in-band requirements can be applied on a per-band basis. The only exceptions are transmitter requirements for band combinations with small inter RF bandwidth gap and spurious emissions requirements. Specific additions/exclusions are needed for the mentioned exception cases. For separate antenna connectors, the mapping of Tx requirements is further elaborated below:
· UEM/ACLR & Spurious emissions

To maintain equivalence with the scenarios where each single-band Tx signals are generated by separate single-band BS transmitters, the UEM/ACLR and spurious emissions requirements are applied to each separate antenna connectors on a per-band basis. In this way, the multi-band operation capable BS should not pose any degradation since the requirements would be compatible with operating two co-located Base Stations with single-band transmitters. Which also means no cumulative approaches would be applied in the inter RF bandwidth gap.
· Transmitter intermodulation

The existing requirement applies for each supported operating band, with additional requirement in the inter RF bandwidth gap when the gap size is small enough. The same requirement shall be applicable both for one common antenna connector and separate antenna connector cases. Make sure that the interfering signals fall completely within the inter RF bandwidth gap, since the interfering signals is not possible to exist in the wanted channels frequency in practice.
For other Tx requirements, since they are all in-band requirements, they can be kept unchanged for multi-band capable MSR BS for each supported operating band, both for one common antenna connector and separate antenna connectors cases.
Receiver Requirements

For one common antenna connector, the existing in-band requirements can be applied on a per-band basis. As for the out-of-band requirements, there is a need to introduce joint exclusion areas. For separate antenna connectors, the mapping of Rx requirements is further elaborated below:
· In-band blocking & Out-of-band blocking

The joint exclusion areas shall apply for all supported operating bands, both for one common antenna connector and separate antenna connector cases. Consider Band X and Band Y MB-MSR BS, assume for band X antenna port, out-of-band blocking level is in the Band Y UL. Since same interfering level would be present at both single-band antenna connectors, then for Band Y antenna port, the out-of-band blocking level in the band Y UL would be contradicted with in-band blocking requirement. The principle of minimizing the impact of blocking between the bands is still applicable. The interfering signal in one band should not degrade the wanted signal level by more than 1.4 dB for the other band.
· Spurious emissions
Similar to Tx spurious emissions stated above, the single-band spurious emissions requirement shall be applied for each concerned antenna connector, and no joint exclusion areas are allowed.
· Receiver Intermodulation

Similar to Tx IM, the existing MB-MSR requirement could be applicable both for one common antenna connector and separate antenna connector case.
For other Rx requirements, since they are all in-band requirements, they can be kept unchanged for multi-band capable MSR BS for each supported operating band, both for one common antenna connector and separate antenna connector cases.

Based upon the proposal 2-2 in [2], for Rx requirements with interfering signals input, such as in-band blocking, out-of-band blocking and Rx IM requirements, the same interfering signal level would be present at all antenna connectors. We believe this condition should be clarified in the specific testing procedures. It is clear that it can fit more with the normal operation of a BS. The Rx requirements with combination of interfering signals from each antenna ports shall remain unchanged. Further investigation on the requirement level is FFS.
Based on above analysis, we propose the following: 
Proposal 1: For separate single-band antenna connector implementation, the single-band RF requirement shall apply for each concerned antenna connector. Specifically for in-band blocking and out-of-band blocking requirements, the joint exclusion areas are allowed for both common antenna connector and separate antenna connector cases.
Proposal 2: For Rx requirements with interfering signals input, the test procedure shall ensure the condition that the same interfering signal level would be present at all antenna connectors. The Rx requirements with combination of interfering signals from each antenna ports shall remain unchanged. Further investigation on the requirement level is FFS.
The TPs to TR 37.812 is also provided in the Appendix below to capture the proposals above.
Conclusions
In this contribution, we provided some analysis on the MB-MSR open issue of how to map the Tx and Rx requirements when separate antenna connectors are used to support multi-band RF signals. Our conclusion is that only those requirements that are falling outside the concerned band will be impacted by such implementation. Also the principle of single-band requirements to be reused is adopted. We provided 2 proposals to resolve this issue. We then provided the TPs to capture those proposals.  
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Transmitter characteristics

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.


For separate single-band antenna connector implementation, the single-band transmitter requirements shall apply for each concerned antenna connector.
<Next Section>
6.7
Transmitter intermodulation

The transmitter intermodulation requirement is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the own transmit signal and an interfering signal reaching the transmitter via the antenna. 
The transmitter intermodulation requirement is specified in subclause 6.7 of TS 37.104. It is basically a generic MSR requirement, with additional BC requirements. Thus for BS capable of multi-band operation, in order to guarantee existing RF performance, the existing Tx IM requirement applies for each supported operating band.
In addition, for band combinations with small inter RF bandwidth gap, the requirements applied inside the inter RF bandwidth gap shall follow the method used inside the sub-block gap for MSR-NC in which the additional BC2 requirement should be also applicable. For BS capable of multiband operation, the requirement applies relative to the RF bandwidth edges of each operating band. In case the inter RF bandwidth gap is less than 15 MHz, the requirement in the gap applies only for interfering signal offsets where the interfering signal falls completely within the inter RF bandwidth gap. If the inter RF bandwidth gap size is less than 5 MHz, the general intermodulation interfering signal can not fall completely inside the inter RF bandwidth gap, in this case, only the additional BC2 requirement can apply.
For band combinations with small inter RF bandwidth gap, the interferer types and interferer offsets which would fit the inter RF bandwidth gap size should apply for general and additional transmit intermodulation requirements.
In addition, the applicability of requirements in the inter RF bandwidth gap based on gap size is also applicable for multiple single-band antenna connectors implementation.
<Next Section>
7
Receiver characteristics

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.


For separate single-band antenna connector implementation, the single-band receiver requirements shall apply for each concerned antenna connector. Specifically for in-band blocking and out-of-band blocking requirements, the joint exclusion areas are allowed for both common antenna connector and separate antenna connector case.
<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, both for one common multi-band antenna connector and multiple single-band antenna connectors implementation, 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, it would be necessary to modify the in-band blocking requirement for this case. For multi-band capable BS, the in-band blocking requirement would apply in the in-band blocking range of all operating bands. In this case, the wanted signal is set according to the existing table note, with the exception that the interfering signal in one band should not degrade the wanted signal level by more than [0.8-2 dB] for the other band. 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 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.
7.5
Out-of-band blocking

The out-of-band blocking characteristics are measures of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer outside the operating band. The out-of-band blocking requirements in TS37.104 include a general requirement and co-location requirements.
In the MB-MSR context, all in-band requirements per band should be kept as they are while for out-of band requirements, there is a need to introduce exclusion areas for some requirements. To exemplify the exclusion areas, the blocking requirement are further discussed below.

Assuming a BS receiving in Band X, the in-band requirements are described as in-band blocking and receiver intermodulation. These requirements should remain in principle for multiband capable BS.  Out-of-band blocking (general and co-location) and receiver spurious emission requirement being out-of-band requirements would require some modification. Figure 7.5-1 is a visualization of band X and band Y (example bands for MB-MSR) blocking requirements for single band receivers.
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Figure 7.5-1: Single band receiver requirements for Band X (top) and Band Y (bottom)
With simultaneous reception in both Band X and Y for MB-MSR, both for one common multi-band antenna connector and multiple single-band antenna connectors implementation, it is clear that exclusion areas are needed since in-band levels for band Y would be out-of-band levels for band X and vice versa. An MB-MSR receiver covering both bands can not be expected to have out-of-band blocking levels as in-band requirements. There is consequently a need for “joint exclusion areas”.

The required modification in blocking requirements based on joint exclusion areas would be as follows: For MB-MSR with a multi-band capable receiver in band X and Y, the in-band blocking range of band Y should be excluded from the band X out-of-band blocking requirement and vice versa. This is as in figure 7.5-2. Note that the in-band requirements would still be applicable for both band X and Y.
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Figure 7.5-2
: MB-MSR out-of-band blocking requirement based on joint exclusion areas

The approach for a multi-band capable BS should not pose any major degradation in terms of blocking between the bands and the requirements should be compatible with operating two single-band BS. 

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.

For BS capable of multi-band operation, it is concluded that from the perspectives of both the system co-existence and the reasonable implementation, a joint exclusion of all operating bands should apply for the out-of-band blocking requirement. The implication is that for BS capable of multi-band operation and a wanted signal received in one band, the interfering signal positions defined for all operating bands supported by the BS as listed in Table 7.4.1-1 of TS 37.104 should be excluded from the out-of-band blocking requirement.
<Next Section>
7.7
Receiver intermodulation

The receiver intermodulation requirement in TS37.104 includes general intermodulation, general narrowband intermodulation and additional narrowband intermodulation minimum requirement for GSM/EDGE. 

The requirements are in-band requirements and are such in principle not affected by multi-band operation. The additional GSM/EDGE requirements are single-RAT. The only exception is for the general intermodulation requirement inside small inter RF bandwidth gap.
Considering the interferer type and offset of general intermodulation requirement, the gap size of at least twice as wide as the UTRA/E-UTRA interfering signal centre frequency offset from the RF bandwidth edge is required for two consecutive RF bandwidths for all types of carrier at the edge of RF bandwidth in the gap. This condition should apply for general intermodulation requirement inside a inter RF bandwidth gap.
In addition, the applicability of requirements in the inter RF bandwidth gap based on gap size is also applicable for multiple single-band antenna connectors implementation.
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Figure 7.7-1: Applicability of the general intermodulation requirement inside a gap
<End of TP>[image: image4.png]
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