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1 Background
In RAN4 #65 meeting CRs for TS 37.104 were agreed. And the core part of MB-MSR WI was closed in RAN#58. As agreed in the WF [1], for the remaining issue that is related to conformance testing, it will be treated in the MB-MSR WI performance part. In this contribution, we discuss these issues firstly, and then give corresponding proposals to solve them.
2 Discussion
How to mapping requirements to antenna connectors in the case each antenna connector supporting one operating band has been discussed for several meetings. It is proposed in [2] that for an antenna connector which supports single-band spectrum of specific band, all RF TX “existing” requirements for single-band MSR BS operating the band should be applied without any exceptions, and all RF RX requirements should be considered the effect of the antenna ports. 
So far, all the defined new requirements due to the introduction of MB-MSR are agreed upon on the basis of being independent of BS implementation, i.e. without any specific reference to whether a common antenna connector for multiple bands (or common antenna case) or separate antenna connector for each band (or separate antenna case) is implemented at the MB-MSR. After examining each requirement in [3], we can find that both out-band and in-band requirements have been impacted due to introduction of MB-MSR. Therefore, it is not suitable to re-use all single-band MSR requirements for the separate antenna case. The concern for TX requirements comes from the co-existence scenario, while the concern for RX requirements comes from the possible phase combining problem when the interfering signals added at each antenna connector simultaneously. Issues identified are only related to TX co-existence spurious emission and RX out-of-band blocking requirements. The following analysis concentrates on these two requirements.
2.1 TX issue

The co-existence spurious emission requirement is analyzed for the TX open issue. Figure 1 illustrates antenna connector cases to help understand the concern related to co-existence scenario.

Figure 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. 
From co-existence point of view, the concern for this issue is reasonable. Specifically, the issue is only valid for the separate antenna case. To address this issue, there are some possible solutions: 
Option 1: Apply the single band co-existence spurious emission requirement for each antenna connector under test. 
Pros: This solution can eliminate the concern for the co-existence scenario. No special test procedure needs to be considered.
Cons: The co-existence spurious emission test requirement is different for separate antenna and common antenna cases. 
Option 2: Use multi-band combiner to combine the multiple antenna connectors, and apply the multi-band co-existence spurious emission requirement at the combiner connector

Pros: Same requirement apply for both separate antenna and common antenna cases. Use hardware to solve the test difficulty. 
Cons: External apparatus and additional test procedure introduced for co-existence spurious emission requirement. Combiner introduces additional insertion loss and test uncertainty. 
Option 3: Using -18dBm/MHz spurious emission level as the in-band spurious emission requirement for BS capable of multi-band operation, which is 3dB stricter than current specification.
Pros: Exclusion area can also apply for the separate antenna case. The test procedure is similar as option 1 except for using different spurious emission level.
Cons: The co-existence spurious emission test requirement is different and stricter than current specification.
Comparing the options above, the first one is easier to carry out from testing point of view.
Proposal 1: For the case of separate antenna connector each supporting a single operating band, it is propose to use single-band co-existence spurious emission requirement at the antenna connector.
2.2 RX issue

The out-of-band blocking requirement is analyzed for the RX open issue. The issue is also just for the single antenna case. 
The concern on out-of-band blocking is that if out-of-band blocker appears at both antenna connectors with the same level, the residual interference at LNA input port could be cumulated and increased if each duplexer has the same rejection for the blocker at this frequency point. This problem only occurs for the wide band RX implementation. To guarantee the RX reference sensitivity will not be degraded in this case, the testing should be performed with interfering signals applied at antenna connectors simultaneously. Noted that in real network scenario, it is rare to receive the in-phase interfering signals at the receiver since the antennas and filters belong to different operating bands.

Furthermore, such testing can cause another problem pointed out in previous contributions [4]. That is, for BS capable of multi-band operation, exclusion area should be considered for the out-of-band blocking requirement. For MB-MSR base station, the operating frequency ranges include multiple bands, e.g. Band A and Band B. In multi-band operation scenario, the strong interfering signal falling into the other operating band when we test one band may block or impair the front end device or the ADC of the wide-band receiver. And actually, the interfering signal in the uplink frequency range of Band B to Band A receiver is UE uplink transmit signal of Band B rather than BS downlink transmit signal. Therefore it is understandable that interfering signal in the uplink frequency range of Band B shall be as high as in-band blocking rather than out-of-band blocking in the real network scenario. 
The solution for the out-of-band blocking issue depends on how to apply the interfering signal(s) at the antenna connector(s). 
Option 1: Apply interfering signals at the antenna connectors simultaneously. In all the operating band frequency ranges, only in-band blocking signal level should apply.
Pros: The reference sensitivity for MB-MSR BS can be guaranteed even considers the residual interference problem for the wide-band receiver implementation. 
Cons: Since interfering signals shall apply at the antenna connectors simultaneously, the testing will be more complicated compared to the single-band test.

Option 2: Apply interfering signals at the antenna connectors simultaneously but use single band blocking level at each antenna connector. 
Pros: The test procedure is similar as option 1 except for using different interfering signal level at out-of-band frequency ranges. 

Cons: Same as option 1.
Option 3: Apply interfering signal only at the antenna connector of the band under testing, but increase the interfering signal level by 3dB.

Pros: No additional single-band test is needed. Interfering signals do not need to be added at the antenna connectors simultaneously. The test is simpler than method 1.
Cons: The requirement is stricter than current specification.
Option 4: Apply single band blocking level only at the antenna connector under testing and terminate the unused antenna connector.
Pros: Testing procedure is the same as current MSR specification.

Cons: The out-of-band blocking issue caused by in-phase interfering signals at the antenna connectors simultaneously is not solved. But it must be a very low probability event in the real network scenario.
Comparing the methods above and considering the real network scenario, the first one is easier to carry out from testing point of view.

Proposal 2: For the case of separate antenna connector each supporting a single operating band, it is propose to add interfering signals at the antenna connectors simultaneously, while for the operating band frequency ranges, only in-band blocking signal level should apply.
3 Conclusion

To solve the remaining mapping requirements issue, methods are proposed and compared for both TX co-existence spurious emission and RX out-of-band blocking requirements. Based on the analysis, it is proposed to agree on the proposals below as a way forward to address the mapping requirements issue.
Proposal 1: For the case of separate antenna connector each supporting a single operating band, it is propose to use single-band co-existence spurious emission requirement at the antenna connector.
Proposal 2: For the case of separate antenna connector each supporting a single operating band, it is propose to add interfering signals at the antenna connectors simultaneously, while for the operating band frequency ranges, only in-band blocking signal level should apply.
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