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1 Introduction
In last RAN2#105bis meeting, beam related measurements for NR MDT was discussed and following agreements achieved [1]:
Agreements:

1
It is supported that best beam index (SSB index) of the camped cell as part of the logged MDT report. Other measurements are FFS.

However, only reporting beam index is insufficient for operators to do network optimization, and this contribution will address other beam related measurements for Logged MDT.
2 Discussion 
2.1 Use case--Coverage optimization
In LTE, the MDT data reported from UEs may be used to monitor and detect coverage problems in the network, such as coverage hole, weak coverage, pilot pollution, overshoot coverage, etc, with the granularity of cell level. 
In RAN2#105 meeting, coverage use cases of LTE was agreed as the baseline of NR:

For NR MDT, RAN2 agree:

1
on the coverage use cases of LTE as the baseline of NR
2
on the QoS verification use cases of LTE as the baseline of NR

3
on WLAN/Bluetooth measurement use cases of LTE as the baseline of NR.

For NR, with the introduction of beamforming, the coverage problems such as coverage hole, weak coverage, pilot pollution, overshoot coverage, etc, not only exist for cell level, but also exist for beam level. Following figure 1 in [2] shows one example of the beam level coverage problem:  
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Figure 1 Multi-Beam illustration

Observation 1: The coverage problems such as coverage hole, weak coverage, pilot pollution, overshoot coverage, etc, also exist for beams.

If one of SSBs (beam direction) is deteriorated abnormally, it may result in coverage problem and handover failure. In this case, the cell level quality is bad when UE’s position is in the red cycle. Although, technically, from network perspective, it is able to determine the problem beam index as long as obtain the UE’s location. However, since the beam could be narrow (e.g. L=64), if UE is moving quickly, and the location information and RSRP/RSRQ results are not generated precisely at the same time, network may derive the wrong beam index by mistake. 
Therefore, network side also needs to monitor and detect the coverage problems of beams, e.g. identify the weak coverage of an individual beam, or detect beam-level overshoot and interference problem. So it is reasonable to reuse the principle of LTE, that is, the beam level coverage problems could also be monitored and detected by UEs’ log and report. 
As indicated in [3], in addition to the benefits of ‘beam index only’ reporting, the RSRP based reporting provides detailed information of the coverage map of the beams of the camped cell. Similarly, the report of beam RSRQ could provide the quality and interference information of the beams. Although network can obtain some reports from immediate UEs, the number of reports could be insufficient, especially for initial network deployment stage, and reports from idle and inactive UEs are also necessary. This is also the reason why we introduced Logged MDT for LTE.
Observation 2: Similar to LTE, beam level coverage and interference problems could also be monitored and detected by UEs’ log and report of beam RSRP/RSRQ.
2.2 Impact analysis on UE
In last Xi’an meeting, in order to limit negative impact on UE, following principle was agreed:
Capture the following agreement into TR in 5.7.1.

1.
UE measurements

In order to limit the impact on UE power consumption and processing, the UE measurement logging shall rely on the measurements that are available in R15 NR and existing in LTE MDT as baseline.

Recall that for UE in Idle mode and RRC Inactive state, for cell reselection in multi-beam operations, the measurement quantity of this cell is derived amongst the beams corresponding to the same cell based on SS/PBCH block as follows:
-
if nrofSS-BlocksToAverage is not configured in SIB2; or
-
  if absThreshSS-BlocksConsolidation is not configured in SIB2; or
-
if the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation:

-
derive a cell measurement quantity as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215.

-
else:

-
derive a cell measurement quantity as the linear average of the power values of up to nrofSS-BlocksToAverage of highest beam measurement quantity values above absThreshSS-BlocksConsolidation.
Furthermore, when performing cell reselection, UEs shall perform ranking of all cells that fulfil the cell selection criterion S, which is based on the cell level RSRP and RSRQ. However, the derivation of cell level RSRP and RSRQ are based on the beam level RSRP and RSRQ. 
Therefore, UEs in idle and inactive state always need to measure the beam RSRP and RSRQ to derive the cell quality and perform cell reselection, and no extra work is introduced for UEs to get beam RSRP and RSRQ. So above principle to limit UE impact is kept well.
Observation 3: UEs in idle and inactive state always need to measure the beam RSRP and RSRQ, and no extra work is introduced for UEs to obtain beam RSRP and RSRQ measurement.

Furthermore, following concerns were proposed for logging beam measurements, e.g.

1) In idle and inactive state, UEs do not perform L3 filtering, the results are not stable enough.

2) UEs could measure lots of beams, especially when narrow beams are deployed, so the memory of UEs will be full quickly. 
As for the first issue, according to the simulation results from R4 [4], the single sample RSRP measurement results from different companies are very close, which means the measurements are not so unstable. Furthermore, remember that the cell level measurements (RSRP/RSRQ) for idle and inactive UE are also L1 filtering results, so the stability is similar for beam measurements. If the L1 beam measurements are not trustworthy, then the cell measurements and furthermore the cell reselections that based on beam measurements are not trustworthy either. On the other hand, by collecting and processing beam measurements from lots of UEs, beam measurements could become stable enough and useful for network side.

Observation 4: Beam RSRP/RSRQ of idle and inactive UE is stable enough and beneficial for network. 

As for the second issue, as analysed in [5], only 7 bits per beam per sample is introduced for RSRP logging, and obviously it is not a large overhead from the memory consumption point of view. Furthermore, some control and optimization could be used to limit the UE’s memory consumption. As indicated in [2], it is more flexible to introduce some control mechanism of beam result logging by reusing existing parameters, such as absThreshSS-BlocksConsolidation, nrofSS-BlocksToAverage. Similar to normal measurement report, following alternatives can be considered:

· Alt1: All detected SSBs exceed a threshold (e.g. absThreshSS-BlocksConsolidation) are logged in logged MDT;

· Alt2: Up to N (e.g. nrofSS-BlocksToAverage) best beams are logged in logged MDT;

· Alt3: For beams exceed a threshold, up to N best beams are logged in logged MDT.
Based on discussions above, the concerns for beam measurements logging could be relieved, and it is practical to log beam measurements for idle and inactive UEs.
Observation 5: It is practical to log beam measurements for idle and inactive UEs, by introducing some control mechanisms.

According to above analysis, the log and report of beam RSRP/RSRQ (at least for serving cell), is quite useful for network and the impact on UE is limited, we propose that: 

Proposal 1: Beam RSRP/RSRQ of serving cell could be included in logged MDT report. 
Proposal 2: In order to minimize impacts on UE due to the beam related log measurements, the network can configure a threshold and/or maximum of beams to the UE.
3 Conclusions
In this contribution, we discuss the beam related measurements for Logged MDT, and made following observations:
Observation 1: The coverage problems such as coverage hole, weak coverage, pilot pollution, overshoot coverage, etc, also exist for beams.

Observation 2: Similar to LTE, beam level coverage and interference problems could also be monitored and detected by UEs’ log and report of beam RSRP/RSRQ.
Observation 3: UEs in idle and inactive state always need to measure the beam RSRP and RSRQ, and no extra work is introduced for UEs to obtain beam RSRP and RSRQ measurement.
Observation 4: Beam RSRP/RSRQ of idle and inactive UE is stable enough and beneficial for network. 

Observation 5: It is practical to log beam measurements for idle and inactive UEs, by introducing some control mechanisms.

Based on above observations, we made following proposals:
Proposal 1: Beam RSRP/RSRQ of serving cell could be included in logged MDT report. 
Proposal 2: In order to minimize impacts on UE due to the beam related log measurements, the network can configure a threshold and/or maximum of beams to the UE.
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