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1. Introduction
WF on BS RF requirements for NR [1] was agreed in the last RAN4#80bis meeting. For simplification, how to define the requirements is considered under single beam condition. However, multiple beam capable NR BS would be required to support multiple NR UE at the same time.
In this contribution, we discuss required items to address multiple beam capable NR BS, and propose how to handle multiple beam capable NR BS.

2. With or without multiple beam capability
2.1. BS without multiple beam capability
It is quite simple when BS has single beam capability only (i.e., the BS doesn’t have multiple beam capability). The BS needs to satisfy each requirement with single beam.
2.2. BS with multiple beam capability ~ per beam or per BS ~
Firstly, for each requirement, RAN4 needs to confirm whether the requirement should be applied “per beam” or “per BS” basis. Figure 1 illustrates the concept for requirements per beam and per BS, respectively.
For some requirements, it may be required to specify them on per beam basis to confirm the respective beams quality. For example, output power accuracy, output power dynamic range, EVM, sensitivity and other RX blocking requirements may fall under this category of “per beam”.
On the other hand, for the other requirements, it may be required to specify them on per BS (i.e., including the total beams) to confirm the impact from the BS on other radio systems in most cases. For example, occupied bandwidth, ACLR, OBUE and spurious emission requirements may fall under this category of “per BS”.

Proposal 1: Firstly, RAN4 should study which is suitable for each requirement, “per beam” or “per BS”.
Proposal 2: After the confirmation on proposal 1, RAN4 should clarify the applicability of “per beam” or “per BS” for each requirement in the specification.
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Figure 1. The concept for requirements per beam and per BS respectively
3. Per beam requirement for multiple beam capable BS

In this clause, for per beam requirement, we consider required items RAN4 needs to address for multiple beam capable BS.
3.1. Is it required to confirm each beam for “per beam requirements”?
In this sub-clause, for per beam requirements, we consider whether it is required to specify and test the performances of every single beam or not.
Firstly, if the performances between beams are intentionally designed to be different, it is clear that it will be needed to specify and test the performances of every single beam.
If the performances between beams are intentionally designed to be the same, do we need to specify and test the performances of every single beam? In order to address this question, we consider the existing conducted requirement for a reference. Even if the performances at every antenna connector are intentionally designed to be the same, the existing conducted requirement is specified for every antenna connector and testing at every antenna connector is required. Therefore, even if each beam is intentionally designed to be the same, it is required to specify and test the performances of every beam.

Proposal 3: For per beam requirements, it is required to specify and test the performances of every beam, regardless each beam is intentionally designed to be the same or not.
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Figure 2. Whether need to specify and test every beam or not
3.2. Is it required to confirm every set of multiple beams for “per beam requirements”?
In this sub-clause, for per beam requirements, we consider the BS which supports some pattern sets of multiple beams(e.g., BS supports 1 beam, 2 beams, 4 beams or 8 beams). In this case, it would be assumed that the BS may change the pattern sets (the number of beams) in accordance with the number of configured UEs. We discuss whether it is required to specify and test the performances for each beam of the respective pattern sets or not.

Firstly, if the performances per beam would be different depending on the pattern sets, it is clear that it will be needed to specify and test the performances of every beam for every pattern set BS configures. This would be the case that the BS changes the number of used TRX and/or antenna array etc. per beam depending on the number of configured beams.
Secondly, if the performances per beam are intentionally designed to be the same regardless of the pattern set (the number of configured beams), do we need to specify and test the performances for every pattern set? The answer for this question should be in principle “Yes need”, since as we discussed in sub-clause 3.1, specifying and testing for each beam are required even if beams are designed to be the same. However, it might be sufficient to test each beam when the number of configured beams is set to the maximum that the BS can support, if it can be guaranteed that completely the same results will be obtained even when the number of configured beams is smaller than the maximum.
Proposal 4: For per beam requirements, it is required to specify and test the performances for every pattern set (the number of configured beams).

Observation 1: For per beam requirements, it might be sufficient to test each beam when the number of configured beams is set to the maximum that the BS can support, if it can be guaranteed that completely the same results will be obtained even when the number of configured beams is smaller than maximum.
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Figure 3. For per beam requirements, whether need to specify and test for every pattern set (the number of configured beams)
4. Per BS requirement for multiple beam capable BS

In this clause, for per BS requirement, we consider required items RAN4 needs to address for multiple beam capable BS.
4.1. Is it required to confirm every set of multiple beams for “per BS requirements”?
In this sub-clause, for per BS requirements, we consider the BS which supports some pattern sets of multiple beams (e.g., BS supports 1 beam, 2 beams, 4 beams or 8 beams). This is the same case with sub-clause 3.2 but for the per BS requirements.

Firstly, if the performances per BS would be different depending on the pattern sets, it is clear that it will be needed to specify and test the performances of BS for every set BS configures. This would be the case that the BS changes the number of used TRX and/or antenna array etc. per beam depending on the number of configured beams.

Secondly, if the performances per BS are intentionally designed to be the same regardless of the pattern set (the number of configured beams), do we need to specify and test the performances for every pattern set? To address this issue, RAN4 need to study whether performances of per BS requirements would depend on the pattern set (the number of configured beams) or not.

Proposal 5: For per BS requirements, RAN4 needs to study whether performances would depend on the pattern set (the number of configured beams) or not.
Proposal 6: If it is confirmed that the performances of per BS requirements must be the same regardless the pattern set (the number of configured beams), it would be sufficient to test per BS requirements with a certain pattern set (a certain number of configured beams). Otherwise, it would be required to test per BS requirements for every pattern set (every number of configured beams).
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Figure 4. For per BS requirements, whether need to specify and test for each number of configured beam
5. Conclusion

In this contribution, we discussed required items to address multiple beam capable NR BS, and proposed how to handle multiple beam capable NR BS. Following observations and proposals are obtained.

Proposal 1: Firstly, RAN4 should study which is suitable for each requirement, “per beam” or “per BS”.

Proposal 2: After the confirmation on proposal 1, RAN4 should clarify the applicability of “per beam” or “per BS” for each requirement in the specification.

Proposal 3: For per beam requirements, it is required to specify and test the performances of every beam, regardless each beam is intentionally designed to be the same or not.
Proposal 4: For per beam requirements, it is required to specify and test the performances for every pattern set (the number of configured beams).

Observation 1: For per beam requirements, it might be sufficient to test each beam when the number of configured beams is set to the maximum that the BS can support, if it can be guaranteed that completely the same results will be obtained even when the number of configured beams is smaller than maximum.
Proposal 5: For per BS requirements, RAN4 needs to study whether performances would depend on the pattern set (the number of configured beams) or not.
Proposal 6: If it is confirmed that the performances of per BS requirements must be the same regardless the pattern set (the number of configured beams), it would be sufficient to test per BS requirements with a certain pattern set (a certain number of configured beams). Otherwise, it would be required to test per BS requirements for every pattern set (every number of configured beams).
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