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1
Introduction
Lots of agreements are achieved up to now for the measurement reporting. However, there are still some remaining issues lefts. In this contribution, remaining issues on measurement report for serving cells and neighbour cells will be further discussed.
2
Discussion
2.1     Report of serving cells
During the email discussion of [99#32][NR] TP on RRM [1], a question was raised what RS type shall the UE use to perform serving cell measurements:
Discussion 3.3: Companies are welcome to express their preferences on at least the following options:

-
a/ UE shall always perform serving cell measurements for both RS Types (i.e. both SS Block and CSI-RS, if configured);

-
b/ Network can configure which RS type to be used for serving cell measurements (e.g. SS, CSI-RS or both SS/CSI-RS);

-
c/ UE shall always perform serving cell measurements for SS Block. Additionally, the UE shall perform serving cell measurement for CSI-RS, if the CSI-RS is configured.
According to the response, most companies agree that the network can configure which RS type to be used for serving cell measurements (e.g. SS, CSI-RS or both SS/CSI-RS).. 
According to the agreement at RAN1 NR#3, from UE perspective, a cell is associated with a single SS block. The UE acquires timing reference from SS block. For the accurate timing tracking of the serving cell, SS block should be measured anyway. There are carriers with or without SS blocks per RAN1 agreements. UE can perform L3 measurement based only on CSI-RS for carries without SS blocks. While for carriers with SS blocks, the UE can perform L3 measurement based on either SS blocks and/or CSI-RS. According to the achievement at RAN2, all of the intra-RAT mobility events A1~A6 will be supported in NR. For events involving a serving cell on one frequency and neighbours on another frequency (e.g. A3, A5), measurement results from neighbours should be compared with the serving. It makes no sense to compare measurement results acquired from different RS types. For instance, if F1 is the serving carrier, F2 and F3 are neighbour carriers. F2 is configured to measure based on SS block. While without SS blocks, F3 is configured to measure based on CSI-RS. In this case, both RS types should be measured on the serving cell if A3/A5 event is configured on F2 and F3. In other words, as long as the UE is configured to measure SS block on one neighbour carrier while to measure CSI-RS on another neighbour carrier, both RS types should be measured on the serving cell for the purpose of A3/A5 like events evaluation. From our understanding, it will be quite typical in the real network deployment. That is to say, in most cases, the UE should be configured to measure both RS types on the serving cell.
Observation 1: As long as the UE is configured to measure SS block on one neighbour carrier while to measure CSI-RS on another neighbour carrier, both RS types should be measured on the serving cell for the purpose of A3/A5 like events evaluation.
Observation 2: Typically in the real network, the UE should be configured to measure both RS types on the serving cell most cases.

Given the above observations, the question is, if UE is configured to measure both RS types on the serving cell, which type of RS should be reported for the serving cell? 
In LTE, no matter what reportQuantity is configured, both the RSRP result and RSRQ result of the serving cells (including Pcell and Scells) will be included in the measurement report. In this way, the network can get a whole picture of the serving cell’s quality thus make a better mobility decision. From our understanding, the similar principle should be applied for the measurement results reporting of the RS types. The more information the UE can provide, the better mobility decision can be made at the network. So the measurement results of both RS types of the serving cell should be included in the measurement report if UE is configured to perform measurement on both RS types. And just like in LTE, no matter what reportQuantity is configured, all measurement quantities (e.g. RSRP, RSRQ, SINR) of the serving cell should be included in the corresponding results of the RS type.

Proposal 1: If UE is configured to measure both RS types on the serving cell, the measurement results of both RS types of the serving cell should be included in the measurement report.
Proposal 2: No matter what reportQuantity is configured, all measurement quantities (e.g. RSRP, RSRQ, SINR) of the serving cell should be included in the corresponding results of the RS type.
It is agreed that beam measurement can be included in the measurement report and can be configured by the network (i.e. network configures the UE to report beam identifier only, beam measurement result and identifier, or no beam reporting). The agreement was originally made for the neighbour cells to facilitate the configuration of beam specific CFRA resources during handover. Companies thought that there’s no need to report beam measurement results of the serving cells. However, from our understanding, the beam measurement results of the serving cells are necessary not only for the purpose of facilitating better mobility decisions but also for the assisting of the beam management. 
The network can make better mobility decisions taking the beam measurement results of the serving cell into consideration. For instance, the cell quality of a neighbour is offset better than the serving. However, the neighbour cell has just 1 good beam while the serving has 3 good beams. In this case, it may be a better choice not to handover the UE from the serving to the neighbour. Whereas, without including the beam measurement results of the serving cell in the measurement report, the network may handover the UE to the neighbour cell and results in RLF in the neighbour cell. The beam measurement results of both RS type (SS block and CSI-RS) can be used to by the network to assist the beam management in lower layer.
Observation 3: The beam measurement results of the serving cells are necessary not only for the purpose of facilitating better mobility decisions but also for the assisting of the beam management.
When reporting the beam measurement results of the neighbour cells, the network can configure the UE whether to report beam identifier only or to report the beam measurement result in addition to the beam identifier. From our understanding, to facilitate better mobility decisions and assist the beam management, beam identifier and beam measurement results of the serving cell should be always included in the corresponding results of the RS type. The extra signalling overhead caused in this case is negligible.
Proposal 3: Beam identifier and beam measurement results of the serving cell should always be included in the corresponding results of the RS type.
2.2     Report of neighbour cells

Per agreement at RAN2#99, beam measurement can be included in the measurement report and can be configured by the network (i.e. network configures the UE to report beam identifier only, beam measurement result and identifier, or no beam reporting). The question is, if beam measurement result is reported, whether it is based on the same RS type as the cell measurement result or not? 
At RAN2#99, we agreed that cell quality derived from one RS type (e.g. SS block) for the same cell is not included in a measurement report triggered based on the other RS type (e.g. CSI-RS). From this point view, it is straight forward that the reporting of the beam measurement result and cell measurement result should base on the same RS type. Beside, during the email discussion of [99#32][NR] TP on RRM [1], a question was raised that whether multiple or single RS Type can be configured per event in the reportConfig:

Discussion 4.6: Companies are welcome to discuss these two alternatives for the configuration of the RS type per event A1-A6 in reportConfig to be supported in Rel-15:

-
a/ Multiple or single RS Type can be configured; 

-
b/ Only single RS Type can be configured;
According to the response, most companies preferred to configure a single RS type (SS or CSI-RS).. And companies believe that if gNB needs multiple reports of different RS typed, it could just configure them independently. The argument is also true for the reporting of beam measurement results. That is, if the gNB needs beam results of both RS types, it could just configure two independent events based on different RS type. So we propose that the cell and beam measurement results to be reported in a single measurement report should be based on the same RS type. In this way, a single trigger RS type configured per reportConfig can be applied both for the beam reporting and cell reporting.
Proposal 4: The cell and beam measurement results to be reported in a single measurement report should be based on the same RS type. A single trigger RS type configured per reportConfig  can be applied both for the beam reporting and cell reporting.
We also have the agreement at RAN2#99 that measurement quantity to be reported for cell quality can be same as trigger quantity or both RSRP/RSRQ. Measurement quantity to be reported for beam measurements  can be same as (cell) trigger quantity or both RSRP/RSRQ. According to the agreement, the cell and beam measurement quantities to be reported in a single measurement report should be consistent. In this way, a single reportQuantity configured per reportConfig can be applied both for the beam reporting and cell reporting. No additional beam specific Report Quantity[2]
 needs to be introduced to indicate the beam quantity to be reported.
Proposal 5: The cell and beam measurement quantities to be reported in a single measurement report should be consistent. A single reportQuantity configured per reportConfig can be applied both for the beam reporting and cell reporting.
3
Conclusion
In this contribution, remaining issues on measurement report for serving cells and neighbour cells are discussed with the following proposals:
Observations: 

Observation 1: As long as the UE is configured to measure SS block on one neighbour carrier while to measure CSI-RS on another neighbour carrier, both RS types should be measured on the serving cell.

Observation 2: Typically in the real network, the UE should be configured to measure both RS types on the serving cell most cases.
Observation 3: The beam measurement results of the serving cells are necessary not only for the purpose of facilitating better mobility decisions but also for the assisting of the beam management.
Proposals:
Proposal 1: If UE is configured to measure both RS types on the serving cell, the measurement results of both RS types of the serving cell should be included in the measurement report.

Proposal 2: No matter what reportQuantity is configured, all measurement quantities (e.g. RSRP, RSRQ, SINR) of the serving cell should be included in the corresponding results of the RS type.
Proposal 3: Beam identifier and beam measurement results of the serving cell should be included in the corresponding results of the RS type.
Proposal 4: The cell and beam measurement results to be reported in a single measurement report should be based on the same RS type. A single trigger RS type configured per reportConfig  can be applied both for the beam reporting and cell reporting.
Proposal 5: The cell and beam measurement quantities to be reported in a single measurement report should be consistent. A single reportQuantity configured per reportConfig can be applied both for the beam reporting and cell reporting.
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