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[bookmark: _Ref462817227]Introduction
In RAN2#NRAdHoc meeting, in Spokane, an LS was sent from RAN1 to RAN2 stating that for CONNECTED mode RRM measurement for L3 mobility either CSI-RS and/or an additionally RS separately designed (previously called mobility RS) would be used if needed [1]. After a discussion of what “if needed” could possibly mean, RAN2 has interpreted the agreement as follows: => RAN2 understanding of the LS is that RAN1 will define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle.



This is the continuation of another paper [2] where the definition of mobility events for cell-based measurements for IDLE RS (which encodes a cell ID) and beam-based measurements for the additional RS (which implicitly or explicitly encodes a beam identifier) were discussed. In RAN2#96 the following agreements have been made concerning measurement reports in NR for RRC_CONNECTED UEs: 
2	Measurement report will contain cell measurements
FFS whether the measurement report contains beams measurements

[bookmark: _Ref462918989]However, considering the RAN1 current assumption, it needs to be further discussed whether that is only valid for the IDLE RS and/or to the beamformed additional RS. In this paper we revisit the discussion on the content of the RRC measurement reports associated to the different mobility events under the assumption that the UE can either perform RRM measurements based on IDLE RS or additional RS.
[bookmark: _Ref178064866]Discussion
Content of measurement reports for IDLE RS
An ongoing discussion regarding measurement reports is whether the UE should report only the values per cell (and/or considering any other value per group of beams) or, in addition, per individual beam. It is crutial that the content of RRC measurement reports suffices the serving gNB to make a proper handover decision and send a handover command that contains suficient information so the UE can access a target cell. 

The content of RRC measurement reports should suffice the serving gNB to make a proper handover decision and send a handover command that contains sufficient information so the UE can access a target cell

In LTE, reporting quality values per cell is sufficient since the target cell does not have a lot of flexibility to decide before the handover is performed which resources will be allocated for that UE. In addition, the information required to the UE to access the target cell is defined per cell i.e. it does not change within the cell (e.g. PRACH resources and/or preamble).

In LTE measurement reports per cell are sufficient to allow the serving cell to make proper handover decisions and/or to allow the target cell to provide the sufficient information so the UE can access it

As discussed in [2], the network should be able to configure the UE with cell-based moblity events associated to the IDLE RS since these will encodea at least a cell ID. Even though these IDLE RS may also be transmitted in periodic beam sweepings, RAN1 agreements only describes the cell ID as being carried. It is true that e.g. in order to enable the entwork to improve the PRACH detection, the SS Block should also contain some timing information that could be mapped to beams in the sweeping case (e.g. a TSS signal encoding the OFDM symbol timing or equivalent). However, in our view the reporting the “strongest TSS value” with the cell measurements would be akward, especially considering that these should also support repetition and there will not be a 1-to-1 mapping betweeen the TSS and beams, since in some deployment smultiple beams would be distributted over multiple subframes where the same TSS value would be transmitted in different beams. Hence, in the case the network configure mobility events assocaited to the IDLE RS only cell level measurements are reported.

NR measurement reports per cell are sufficient if NR is deployed in the same frequencies as in LTE today and/or under certain antenna configurations
NR measurement reports should carry only cell measurements if mobility events are configured for the IDLE RS 

Content of measurement reports for additional RS
In certain scenarios moblity events will be configured based on additional RS e.g. in higher frequencies and/or certain antenna configurations with many ports. This additional RS will encode an implicit or explicit beam identifier. As explained in [2], the network should be able to configure the UE with beam-based moblity events so the UE should report beam-based RSRP information.

NR measurement reports should carry beam-based RSRP information if UE is configured with beam-based mobility events based on additional RS

As explained in [2], there will also be scenarios where we benefit from informing the UE that a certain number of beams for some kind of group such as a TRP or a cell. Taking the exmaple of a cell, in that case it should be assumed that the UE has some means to associate NR cells to the beamformed additional RS. In these cases, the network should be able to configure a cell based event for a group of beams defining a cell. In other words, the UE is able to trigger a cell based measurement report based on the beamformed additional RS. The open question that needs to be answered is whether the UE should only report the cell-based measurement or whether the UE should also report the RSRP values per beam (referred by implict or explicity beam identifier).

In some scenarios the UE should be able to associated groups of beam-specific additional RSs to a cell
In these scenarios UE can trigger cell-based measurement reports based on additional RSs
It is an open question whether these should contain only the cell-based RSRP or also beam-based RSRP values

We believe that reporting only cell-based measurements might work, although it could limit the handover performance in certain scenarios, compared to the case where beam-specific measurements are reported. For example, if only cell-based measurements are reported the serving gNB would request  the target gNB to accept a handover without knwoing to which beam and/or group of beams the candidate UE would be served while some knowledge of the strongest beam-specific RSs detected by the UE enables the target gNB to take into account other aspects such as load in a higher granularity than in a cell level. For example, in scenarios were a cell is comprised by multiple TRPs, the load of one TRP could be completely different from the load of another TRP although the UE might have sent a single cell-based measurement.

The network would benefit from the knowledge of beam-specific RSRP in measurement reports in the case of additional RS
In addition, there is another aspect related to the PRACH configuration and the way the UE accesses a target cell. In high frequency deployments, receiver beamforming might need to be applied at the base station for PRACH premable detection. To enable that, before the UE access a cell it should know the PRACH configuration that could be defined per DL beam the cell. If in these scenarios a handover needs to be executed only relying on the cell-based measurements, the target gNB would not provide PRACH information per beam so that upon the UE receiving a handover command it would first need to read the system information from the target cell before the UE can access the target cell which may increase complexity and delay the handover procedure. 

NR measurement reports should carry both cell-based RSRP and beam-based RSRP information if UE is configured with cell-based mobility events based on additional RS
In a subsequent contribution we treat in more details how filtering per group of beam should be performed i.e. whether based on the average of N strongest beams, only based on the occurrence of the strongest beam per cell/group, etc. [3]. In another contribution it the implications of the different content of the handover command is also explained [4].
[bookmark: _Toc461106288]Conclusion
In this contribution, the following observations were made:
1. The content of RRC measurement reports should suffice the serving gNB to make a proper handover decision and send a handover command that contains sufficient information so the UE can access a target cell
In LTE measurement reports per cell are sufficient to allow the serving cell to make proper handover decisions and/or to allow the target cell to provide the sufficient information so the UE can access it
NR measurement reports per cell are sufficient if NR is deployed in the same frequencies as in LTE today and/or under certain antenna configurations
In some scenarios the UE should be able to associated groups of beam-specific additional RSs to a cell
In these scenarios UE can trigger cell-based measurement reports based on additional RSs
It is an open question whether these should contain only the cell-based RSRP or also beam-based RSRP values
The network would benefit from the knowledge of beam-specific RSRP in measurement reports in the case of additional RS

Based on these observations the following has been proposed:
1. NR measurement reports should carry only cell measurements if mobility events are configured for the IDLE RS 
1. NR measurement reports should carry beam-based RSRP information if UE is configured with beam-based mobility events based on additional RS
1. NR measurement reports should carry both cell-based RSRP and beam-based RSRP information if UE is configured with cell-based mobility events based on additional RS
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