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Introduction
In RAN2#99 in Berlin, most of the open issues (i.e. FFS from previous meetings) regarding measurement reporting in NR were resolved, except for the ASN.1 and procedural details partially addressed in the email discussion [99#32][NR] TP on RRM (summarized in R2-1710839). Hence, in our view, the open issues related to the basic functionality are basically clarifications to some existing agreements related to:
· The exact measurements that the network can configure to be reported for serving frequencies (i.e. PCell, configured SCell(s) and best cell in serving frequencies);
· How exactly the UE selects beams to be included in measurement reports (for any kind of cell);
· Further aspects of reportOnLeave configuration and reporting.
This paper proposes way forwards for each of these issues.
[bookmark: _Ref178064866]Discussion
Measurements for PCell and SCells
In RAN2#AdHoc2 in Qingdao, it has been agreed that PCell and SCells cell level measurements are always included in the measurement report:

5: For event triggered reporting:
•	PCell and SCells cell quality are always included in the measurement report

As discussed in [99#32][NR] TP on RRM (summarized in R2-1710839), a direct consequence of that agreement is that an RRC_CONNNECTED UE in NR shall also perform measurements for PCell and configured SCell(s) and the first open issue was whether to support the inclusion of PCell and SCell cell measurements based on SSBs only, both SSBs and CSI-RSs or whether network could configure the exact RS type(s) to be used. Though inclusion of SSB based cell quality seemed at a first glance to be the most obvious solution, the presence of carriers without SSB as agreed in RAN1 makes that unsuitable. Hence, most companies seemed to agree that the RS type for serving cell measurements should be configurable i.e. SSB only, CSI-RS only or SSB + CSI-RS. 
1. Network configurability of which RS type based cell quality to be included in the measurement report for PCell and SCells seems to have most companies’ approval. 
As each serving cell is associated to a single carrier frequency, and as highlighted previously, RAN1 has agreed that there could be carriers without SSBs and some carriers without CSI-RSs, it makes sense to make that RS type configuration for serving cell measurements per carrier. Hence, the most natural place to have that configuration is in the measurement object. 
1. The RS type measurements to be reported for PCell and SCells is configurable by the network and the configuration is provided in the measurement object.
In the email discussion, we have assumed as rapporteur that the UE could perform RSRP, RSRQ and RS-SINR measurements, although some companies expressed that RAN1/RAN4 had not settled that yet. However, we would like to express here that our understanding has been based on the following agreement, that in addition to RSRP measurements for both RS types, from RAN1#90 meeting:
Based on this agreement, it seems logical to assume that the UE will be capable of reporting RSRP, RSRQ and SINR values. As the network might use different measurement quantities of PCell and SCell for decision making, it is desirable if the network could configure the UE as to which quantity should be reported by the UE for the PCell and SCell.· In NR RRM measurement for L3 mobility, 
· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode
· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode

1. The measurement quantity (RSRP, RSRQ, SINR) to be reported by the UE for the PCell and SCell can be configurable by the network.

As rapporteur of [99#32][NR] TP on RRM (summarized in R2-1710839), we preferred to leave out an open issue that in our view deserved online discussions: the exact measurements that the network can configure to be reported for serving frequencies (i.e. PCell, configured SCell(s) and best cell in serving frequencies). That was not clear from the following agreement from RAN2#ADHOC 2 in Qingdao:
Agreements
…
8	Beam measurement (based on NR-SS and CSI-RS) 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)
…

In LTE, although the UE is configured to report L1 quality indications for PCell, such as CSI and/or CSI reporting, the UE is anyway mandated to include the PCell and SCell(s) RSRP and RSRQ values in measurement reports as the RSRP/RSRQ values so reported are L3 filtered and facilitates the network to compare the RSRP/RSRQ values of the neighboring cells with that of the PCell. 
1. In LTE, though L1 level PCell quality is available, the measurement report from the UE includes the PCell RSRP values to facilitate comparisons with the other measurements included in the measurement report.
In NR, the beam measurement information has been agreed for two main purposes:
· Enable the network to reduce handover failure and ping-pong by enabling the network to consider beam information from different target cell candidates (and e.g. prioritize the cell with more stable beams, for ping-ping / HOF avoidance) compared to the PCell and,
· Enable the target gNodeB to efficiently allocate contention-free RACH resources per beam. 
Although the L1 beam level information of PCell is not essential for contention-free RACH allocation in target cell, that is needed from a handover performance perspective as the target may not want to handover the UE to a cell with fewer unstable beams compared to a serving cell which may have more stable beams. For that purpose, it is obvious that the serving cell needs to make comparisons between beams results from serving and neighbor cell candidates, and, as L1 beam level information for PCell could be based on measurements with very different properties compared to the beams used for L3 mobility purposes (e.g. beam former, RS types, filtering configuration, etc.), it seems unreliable to compare L1 PCell beam level reporting with L3 beam level reporting configured for neighboring cells. Hence, to support a good handover performance, the UE shall include the beam level information of the PCell in the measurement report. AS the SCell case is not as essential for reliability as in the case of handovers, SCell beam information could be configurable.
1. Beam level measurements of the PCell as reported in the measurement report in is useful for the network for facilitating comparison with the rest of the beam level reports included in the measurement report.
1. The beam level information of PCell is always included in the measurement report.
1. The beam level information of SCell is included in the measurement report if the network has configured the UE to do so.

Including beam information in measurement reports
[bookmark: _Hlk493159774]In RAN2#98, in Hangzhou, the following has been agreed for SS block based reporting:
Agreements
1: 	For SS based events, the UE report the beams in the order of quality. 
2:	CSI-RS identifier can be included in measurement reporting triggered by event A1-A6 for measurement reporting triggered by CSI-RS events
3: 	for CSI-RS based events, the UE report the beams in the order of quality.
..

Then, in RAN2#99 meeting in Berlin, further progress was made regarding the beams to be included in the measurement report.
3 	For measurement events based on NR-SS, in each cell the best SS block is reported and up to x-1 next highest measured SS blocks above the absolute threshold. Threshold is the same as that used for cell quality derivation.
4	For measurement events based on CSI-RS, in each cell the best CSI-RS is reported and up to y-1 next highest measured CSI-RS above the absolute threshold. Threshold is the same as that used for cell quality derivation.

There are two ways to interpret the above agreements as to how the UE chooses the (X-1) beams (and Y-1 beams, consequenly) in the measurement report. In one interpretation, the value of ‘X’ is defined per cell and in another interpretation ‘X’ is the total number of beams to be included in the measurement report, which is independent of the number of cells included in the measurement report. As the number of beams (SSBs or CSI-RSs) per cell could vary in different deployments, and the network does not know in advance how many cell will be included in the measurement report, it seems more logical that the network configures the maximum number of beams to be included in the report rather than the number of beams included per cell. Considering that the beam information should be included in the order of quality, the UE would first include the strongest beam information of each cell to be included in the measurement report and then the UE fills the rest of the ‘X’ beams with strongest of the remaining beams from the cells in the measurement report.
RAN2 is requested to clarify that the value ‘X’ and ‘Y’ represented the total number of SSBs and CSI-RSs to be included in the measurement report respectively. 
RAN2 is requested to discuss how the UE should include the beam measurement information in the order to quality, whether per cell or per beam radio conditions. 
ReportOnLeave in NR
In LTE, the network could configure the UE with reportOnLeave for A3 and A6 events. This will aid the network to identify if the neighbor cells are still in a good enough condition or not compared to the serving cell. In NR, it has already been agreed that the reportOnLeave is supported for all the events, A1-A6.
1:	Support the ‘reportOnLeave’ measurement report triggering mechanism in NR.
2:	When the measurement report is triggered due to reportOnLeave, the UE just reports the current remaining triggered cells, not the ‘leave’ cell(s), as in LTE.
3:	The ‘reportOnLeave’ is applicable for all the measurement events and is configurable per reporting configuration.

1. reportOnLeave is supported in NR and its usage is similar to LTE with additional expansion to include A1,A2,A4 and A5 events as well.
One of the observation from LTE days is that the network do not get to know whether the UE has entered an event or exited an event just by looking into the current measurement report. The network has to keep track of the historical measurement reports from the UE to understand if there is any cell that was included in the past measurement report but missing in the current measurement report sent by the UE. This unnecessarily increases the network overhead as the UE can just indicate using a flag as to whether it has entered an event or exited an event. Note that there is no change in the cells that are included in the measurement report and it will still follow the current agreements.
1. In LTE, the network needs to keep historical reports from the UE to understand whether the current measurement report corresponds to the ‘entering’ condition or ‘leaving’ condition.
1. Inclusion of a flag to indicate whether the measurement report is triggered based on ‘entering’ or ‘leaving’ condition reduces the network overhead.
The event triggered measurement report includes a flag to indicate whether the measurement report is triggered based on a ‘entering’ condition or a ‘leaving’ condition. 
Conclusion
In the previous section, the following has been observed:
1. Network configurability of which RS type based cell quality to be included in the measurement report for PCell and SCells seems to have most companies’ approval. 
1. In LTE, though L1 level PCell quality is available, the measurement report from the UE includes the PCell RSRP values to facilitate comparisons with the other measurements included in the measurement report.
1. Beam level measurements of the PCell as reported in the measurement report in is useful for the network for facilitating comparison with the rest of the beam level reports included in the measurement report.
1. reportOnLeave is supported in NR and its usage is similar to LTE with additional expansion to include A1,A2,A4 and A5 events as well.
1. In LTE, the network needs to keep historical reports from the UE to understand whether the current measurement report corresponds to the ‘entering’ condition or ‘leaving’ condition.
1. Inclusion of a flag to indicate whether the measurement report is triggered based on ‘entering’ or ‘leaving’ condition reduces the network overhead.
Based on these observations, we have proposed the following:
1. The RS type measurements to be reported for PCell and SCells is configurable by the network and the configuration is provided in the measurement object.
1. The measurement quantity (RSRP, RSRQ, SINR) to be reported by the UE for the PCell and SCell can be configurable by the network.
1. The beam level information of PCell is always included in the measurement report.
1. The beam level information of SCell is included in the measurement report if the network has configured the UE to do so.
RAN2 is requested to clarify that the value ‘X’ and ‘Y’ represented the total number of SSBs and CSI-RSs to be included in the measurement report respectively. 
RAN2 is requested to discuss how the UE should include the beam measurement information in the order to quality, whether per cell or per beam radio conditions. 
The event triggered measurement report includes a flag to indicate whether the measurement report is triggered based on a ‘entering’ condition or a ‘leaving’ condition. 
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