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1 Introduction
This contribution identifies some concerns for the measurement configuration in a beamformed environment, especially in relation to the idle RS/NR-SS.
2 Discussion
2.1 Issues imposed by beamforming
In a beamformed setting, when a UE is served by a high-gain narrow beam and needs to measure reference signals from a neighbour cell, the situation is as shown in Figure 1. 
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Figure 1: A UE with a measurement problem

In accordance with decisions of RAN2#97bis, the UE compares the cells based either on NR-SS or on CSI-RS (i.e., it does not compare an NR-SS measurement of one cell to a CSI-RS measurement of another).  We assume the UE measures on the lower-gain “common” beams (numbered 1-12 in the figure), including on the serving cell, to allow “apples to apples” comparison with the beams of the neighbour cell.
Unlike LTE, NR has flexibility in the configuration of the reference signals, and the UE needs to know where to search for them.

Proposal 1: The measurement configuration needs to include the following elements of the SS burst set configuration of the target cell:

· SS burst set periodicity

· SS bandwidth

· Any per SS block configuration e.g. number of symbols
Since the measurement object is a frequency rather than an individual cell, this configuration depends on these NR-SS parameters being consistent for the frequency.  It may need to be confirmed with RAN1.

2.2 If NR-SS resources are not protected
At the same time as it measures NR-SS on the common beams, the UE is being served with data (and presumably CSI-RS for beam management) on a high-gain, dedicated “serving” beam, which shows as interference towards the measurements.  The serving beam is most likely active in a TDM pattern, meaning that the interference comes and goes depending on the beam schedule.  This interference is also not representative of the radio environment the UE would see if served by the neighbour cell.  Thus the interference due to the serving beam distorts the RRM measurements of signals on the common beams.  The UE is undoubtedly taking measurements on the serving beam (e.g. for CSI reporting and beam management) but it does not seem that these measurements would be useful for comparison for RRM purposes, since there is no corresponding dedicated beam of the neighbour cell to compare to.

This interference is mitigated if the NR-SS are in protected resources, i.e. the serving beam (as well as the common beams) never transmits data on the time/frequency resources used for NR-SS in any beam.  In our understanding RAN1 have not yet taken a decision in this respect.

This section analyses the case that the NR-SS resources are not protected from intra-frequency interference by dedicated beams.

In the inter-frequency case, of course the UE may need measurement gaps as usual.  In addition, however, and even for the intra-frequency case, the UE of the figure faces at least three issues:

1. The high-gain serving beam potentially interferes with the neighbour beams to be measured.  (The serving cell cannot really ameliorate this problem since it has no way to know which beams of the neighbour need to be measured.)
2. The serving beam potentially interferes with measuring the lower-gain common beams of the serving cell.  (Here the serving cell might be able to take some action to coordinate data transmissions and the reference signals.)
3. In comparing the common beams of the serving cell to the common beams of the neighbour cell, the UE is ignoring the actual quality of its serving link.

For points 1 and 2, it is possible to imagine physical layer assumptions that would prevent interference, for instance, by time aligning the NR-SS transmissions of the cells, then always omitting data transmission during NR-SS transmission times.  However such assumptions seem too restrictive in general, and obviously pending RAN1 decisions.  It seems needed to consider the interference between the beams for at least some cases.

Proposal 2: If NR-SS resources are not protected, then in some cases measurement gaps would be required for intra-frequency measurements (including on the serving cell).

Note that for the serving cell, the needed gap size would be smaller than for a neighbour cell, because the serving cell already knows which beams are reasonable for the UE to measure (e.g., the UE in Figure 1should only measure beams 1 and 12 of its serving cell).  The gap does not need to be large enough to cover an entire SS burst set, only the subset of beams that could be usefully measured.  However, this is only helpful in a case where the UE is being tasked to measure only the serving cell, which seems quite atypical, thus it may not be desirable to optimise for this case.
The impact of intra-frequency measurement gaps would be quite significant.  Therefore it seems needed to understand from RAN1 whether they expect to coordinate between common and dedicated beams in order to protect the NR-SS resources.

Proposal 3: Confirm with RAN1 if they expect to coordinate between common and dedicated beams in order to protect the NR-SS resources from interference by UE-specific transmissions.

2.3 Threshold to trigger measurement
The analysis above does not address issue 3, that the UE is paradoxically ignoring the quality of its actual service in taking RRM measurements.  In addition, it should be considered when the UE is required to take measurements; in LTE and UMTS the answer is based on the measurements of the serving cell, but if a measurement gap is required to evaluate the serving cell itself, then the UE is in the bad position of needing to use measurement gaps to determine if measurements are needed.

The natural way out is to condition measurements on the quality of the current service, i.e. on the performance of the serving beam.  It was agreed in RAN2#97bis to have a threshold similar to LTE s-Measure, but it was not decided how this threshold is evaluated, e.g. against SS, CSI-RS for RRM, or other signals.  It may be too soon to give a complete answer, but we suggest that at least it can be applied to measurements taken on the serving beam.
Proposal 4: A threshold similar to LTE s-Measure should be applied to the serving beam to determine when measurements are required.

Note that proposal 2 does not exclude applying the threshold also to the derived serving cell quality, as discussed at RAN2#97bis.  For instance, it would be reasonable to have a high threshold for the serving beam (“if the serving link is at least this good, don’t measure even if the rest of the serving cell is weaker”) and a lower threshold for the serving cell as a whole.

2.4 Configuration for Number N and threshold for cell derivation 

The number N for cell derivation is related to the beam forming configuration for specific frequency, therefore it is nature to configure the number N for cell derivation per frequency. As discussed in [1], a threshold is suggested to select the good beam for cell derivation. The threshold used for good beam selection shall be also configured per frequency.

Proposal 5: the number N and threshold for good beam selection for SS based cell derivation shall be configured per frequency.   
In addition, it is still FFS whether the serving cell or some specific neighbour cells could be configured with different number N. In our understanding, there has already ocp (the cell specific offset of the PCell/ PSCell) and ocn (the cell specific offset of neighbour cell), which could be used to control the event trigger considering the cell specific factor. It is not clear for the benefit to have additional different number N for serving cell or specific neighbour cell, therefore, we prefer that the per frequency number N applies to all the neighour cells and serving cell in the same frequency.

Proposal 6: the per frequency number N applies to all the neighbour cells and serving cell in the same frequency.   
3 Conclusion

This contribution promulgated the following proposals:

Proposal 1: The measurement configuration needs to include the following elements of the SS burst set configuration of the target cell:

· SS burst set periodicity

· SS bandwidth

· Any per SS block configuration e.g. number of symbols
Proposal 2: If NR-SS resources are not protected, then in some cases measurement gaps would be required for intra-frequency measurements (including on the serving cell).
Proposal 3: Confirm with RAN1 if they expect to coordinate between common and dedicated beams in order to protect the NR-SS resources from interference by UE-specific transmissions.

Proposal 4: A threshold similar to LTE s-Measure should be applied to the serving beam to determine when measurements are required.

Proposal 5: the number N and threshold for good beam selection for SS based cell derivation shall be configured per frequency.   

Proposal 6: the per frequency number N applies to all the neighbour cells and serving cell in the same frequency.   
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