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1. Introduction
The requirements needed to introduce support for the features defined in the Rel.17 FeMIMO WI have been under discussion for a few meetings. An initial analysis on the RF requirements needed was shown in [2]. Also, RRM requirements impact was discussed in the last meeting but there was no meaningful agreement.
In the last meeting, it was re-discussed whether RAN4 should continue the work on defining the requirements for simultaneous reception and a WF was agreed in [1] for RF while for RRM there was no clear agreement. We would like to point out that definition of RAN4 requirements (including RF) is part of the Rel.17 FeMIMO WI and in order to finalize the WI, it is necessary to finalize them. RAN4 should not waste time discussing whether to work on a certain feature or not but actually do the needed technical work to finalize the requirements. Not finalizing the RAN4 requirements for a certain feature is a downscoping of a WI and should only be discussed/decided in RAN plenary, not in RAN4.
In this paper will further discuss the requirements and testing for simultaneous reception.

2. Discussion
RF Requirements for simultaneous reception

A brief analysis on the RF requirements needed for simultaneous reception from multiple AoAs was shown in [2]. 
Simultaneous reception has already been supported in the RAN1/2 in previous releases with different set of features (single/multi DCI, same or different QCL assumptions, single or multi TRP), however, no RAN4 requirements have been defined so far. The RF requirements for simultaneous reception can be defined in a “feature agnostic” way and should apply to any configuration used to enable simultaneous reception at the UE. Furthermore, simultaneous reception from different AoAs does not necessarily mean 4L transmission/reception. a single layer in each direction should be the baseline with 4L transmission/reception as an enhancement on top.

In [2], the need for spatial requirements to guarantee a certain level of performance and spherical coverage with simultaneous reception was discussed. Some RF requirements are clearly needed to guarantee the performance and testability of this feature.
Observation 1. RF requirements for simultaneous reception are needed.

A possible framework for the RF requirements was also discussed in [2] and the introduction of a statistical requirement based on spherical coverage was presented. 
Observation 2. RF requirements for simultaneous reception can be defined based on the spherical coverage of angle that can be paired.
For a PC3 example, in Fig. 1, the signal coming from the direction of the green arrow could be paired with any of the dark orange directions. The requirement would be defined in terms of what percentage of the sphere should the dark orange directions cover. For this case, the requirement would be that any arbitrary angle within spherical coverage can ideally be paired with any other angle within 25% of the sphere.

It should be noted that this framework is not intended to make any changes to the current spherical coverage requirements and the legacy requirements should also be kept.
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Fig 1.
With such requirements framework, implementation flexibility can be enabled while still having a meaningful requirement that guarantees a certain level of performance. The actual numbers (e.g. what percentage of spherical coverage can be paired with any other angle) have to be discussed in RAN4 while considering different implementations.
Furthermore, to guarantee the performance of simultaneous receive from different angles, the UEs would have to be designed such that they have a certain level of isolation between the Rx beams. RAN4 has to discuss/decide whether an RF requirement is needed or not or whether this can be ensured just through a demod test. Even if a demod test would be enough, some RF input on assumptions to use for isolation between the different angles would be needed to set the performance requirements.
Observation 3: RAN4 will need discuss how to handle the correlation between beam pairs used to receive simultaneously and whether a demod test would be enough to ensure minimum performance.
RRM Requirements for simultaneous reception
Simultaneous reception from different AoAs with different QCL sources was briefly discussed in RAN4#101-e, however, most time was spent on discussing whether to do this work instead of discussing the concrete RAN4 RRM scope. A good analysis of possible impact was presented in [3]. Overall, the RRM core impact will be limited because most of the basic requirements needed are already covered.
The current search requirements are based on the principle that the UE is constantly searching for beams/cells without any preferred direction from which these would reach the UE. With simultaneous reception, the UE would be receiving simultaneously from different directions, however, the speed with which beams need to be tracked is still the same(beams do not change faster because of different angles or if they come from different transmission points). Hence, the current search/measurement delay requirements can be kept to ensure the feature is functional. L1-RSRP measurements are currently specified such that only the serving cell is to be measured, some changes would likely be needed such that requirements apply also in the case of m-TRP.
Observation 4: Current measurement/search requirements(delays/number of beams/cells) would also apply for simultaneous reception.
Observation 5: L1-RSRP measurements might need to be modified to apply also for m-TRP.

Other possible impacts would be to the scheduling restrictions and TCI state switching. The current scheduling restrictions assume a single QCL source, the UE would now have to handle multiple for data. However, if the TRPs are tightly synchronized, the number of scheduling restrictions and length would likely be the same as in the current specifications. TCI state switching requirements currently only cover a single switch, with multiple TCI states, these could also be switched simultaneously. Whether this case should be specified and what the impact should be, would have to be specified. 
Observation 6: Simultaneous reception impact on scheduling restrictions and TCI state switching would have to be discussed.

BFD/CBD/BFR requirements apply when the UE has a single serving cell. Some updates and changes to the applicability of the requirements will likely be needed such that they would apply per TRP. Even with multiple TCI states and m-TRP, the requirements can be kept the same but simply apply per TRP or TCI state.
Observation 7: BFD/CBD/BFR requirements will have to be updated to cover multiple TRPs.
The other RRM core requirements that are currently defined are enough to ensure the basic functionality needed for this feature. Many other enhancements might be enabled by the added capabilities of UEs that can handle simultaneous reception, however, they are not essential for this feature to work.

Observation 8: Other requirement enhancements are not needed to enable the basic functionality of simultaneous reception.
Current RRM tests do not cover any simultaneous reception with the UE actively tracking multiple directions. New RRM tests to check the UE minimum performance to track multiple directions and beam pairing will be needed.

Observation 9: New RRM tests are needed.
Demodulation Requirements for simultaneous reception
Current demod test setup and requirements for FR2 are based on a single AoA in the beam peak direction. A new test setup and new demod requirements with simultaneous reception from different angels will be needed. Some RF input will be needed to set the demod requirements as discussed in Section 2.1.
More details on the test setup are discussed in Section 2.4.

Observation 10: New test setup and new demod requirements are needed.

Testing for Simultaneous Reception

Current FR2 test methodology for RF, RRM and demod is developed under the assumption that the UE is only able to receive from a single direction at a given point in time. The RRM test setup supports multiple angles of transmission from the TE side, however, only a discrete set of angles is available and the transmissions are TDM-ed (no simultaneous transmission in current tests) to avoid any potential interference issues in the quiet zone.
For RF and demod tests with simultaneous reception, a new test setup that enables any arbitrary set of angles (a minimum distance between the angles can likely be assumed) with simultaneous transmission will be needed. Also, in order to enable these tests, the impact of interference between signals coming from different TE probes will have to controlled/quantified.
Observation 11: A new test setup and test methodology that enables simultaneous transmission from any arbitrary set of angles is needed for RF and demod.

For RRM, the tests will have to ensure that the UE can properly track beams over two different directions. The test setup will likely require more than 2 probes with at least 2 probes active at the same time(probes that are only transmitting pilot signals for measurements can be TDM-ed with). Also, similarly to the RF/demod setup, more freedom to choose the angles will be needed so a test setup which can cover any arbitrary angles would be highly desirable.
Observation 12: A new test setup and test methodology with more than 2 probes and at least 2 simultaneously active probes is needed for RRM testing. Also, the test setup should enable more freedom to choose the angles compared to the Rel.15 RRM setup(ideally, any combination of angles should be possible.
It should be noted that it was already proposed to study such a test setup and methodology during the Rel.17 RAN4 WI/SI proposal discussions, however, it was not approved.
3. Conclusion
In this paper we provided more analysis on the requirements needed to enable simultaneous reception from different AoAs. We made the following observations:
Observation 1. RF requirements for simultaneous reception are needed.

Observation 2. RF requirements for simultaneous reception can be defined based on the spherical coverage of angle pairs that can be paired.

Observation 3: RAN4 will need discuss how to handle the correlation between beam pairs used to receive simultaneously and whether a demod test would be enough to ensure minimum performance.
Observation 4: Current measurement/search requirements(delays/number of beams/cells) would also apply for simultaneous reception.

Observation 5: L1-RSRP measurements might need to be modified to apply also for m-TRP.
Observation 6: Simultaneous reception impact on scheduling restrictions and TCI state switching would have to be discussed.
Observation 7: BFD/CBD/BFR requirements will have to be updated to cover multiple TRPs.
Observation 8: Other requirement enhancements are not needed to enable the basic functionality of simultaneous reception.
Observation 9: New RRM tests are needed.

Observation 10: New test setup and new demod requirements are needed.

Observation 11: A new test setup and test methodology that enables simultaneous transmission from any arbitrary set of angles is needed for RF and demod.

Observation 12: A new test setup and test methodology with more than 2 probes and at least 2 simultaneously active probes is needed for RRM testing. Also, the test setup should enable more freedom to choose the angles compared to the Rel.15 RRM setup(ideally, any combination of angles should be possible.

Based on the observations above, the envisions RAN4 requirement impact can be summarized as follows:

RF:
- New spatial RF requirements

- Discuss other requirements related to correlation between Rx beams, need for new sensitivity requirement(legacy requirement should still apply) and assumptions to be used for demod tests
RRM:

- Core: New RRM requirements or clarification on applicability for L1-RSRP, scheduling restrictions, TCI state switching,  BFD/CBD/BFR

- Performance: New RRM tests to check performance with simultaneous reception
Demod:

- New demod requirements with simultaneous reception
- Requirements for 2 layers and possibly 4 layers
Testing

- New test setup and methodology for RF/demod with simultaneous transmission from 2 probes with arbitrary angle

- New test setup and methodology for RRM with more than 2 probes and at least 2 simultaneously active probes with more freedom to choose angle pairs compared to Rel.15 setup
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