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Introduction
In RAN2#95bis, the work on DL-based mobility in RRC_CONNECTED with RRC involvement has progressed and companies started to discuss issues related to RRM measurements. One important issue is how to derive the quality of a cell that is a handover candidate. The following agreement reflects the latest discussion:

Agreement
1	For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)
FFS how to combine beam measurements to a cell level single quality

In RAN2#94, companies have also agreed that measurement configuration should be minimized, as stated below:
	3: 	For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.

Considering the latest RAN1 agreement on DL reference signals to support RRM measurement for RRC_CONNECTED mode and the abovementioned RAN2 agreements, this contribution discusses the type of configuration that may be necessary to be conveyed to the UE to perform RRM measurements.
[bookmark: _Ref178064866]Discussion
In RAN1, it has been agreed that for L3 mobility based on DL measurement in CONNECTED mode there will be at least non-UE-specific DL signals and different options are being considered such as a 1) Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS), a 2) RS for mobility (FFS how to associate it with beam-ID and/or Cell-ID), an 3) RS for demodulating broadcast channel or a combination of option 1 and 2.
The need to re-discuss the reference signals in NR partially come from the lessons learnt from LTE. They have shown that the CRS-centric framework was not friendly to introduce new features and/or enhance existing ones and/or introduce new services, such as enhanced MIMO with more layers, enhanced control channels and data channels utilizing beamforming and CoMP solutions. Therefore, dedicated (i.e. UE-specific) measurement signals and demodulation signals in form of CSI-RS and DMRS, respectively, were introduced in the later LTE releases. Due to their multi-purpose nature the legacy CRSs were still required for supporting legacy terminals and since they were used for the above-mentioned other functions. 
Lessons learnt from LTE have also shown that even for RRM measurements the original CRS design was sub-optimal. Less frequently transmitted mobility reference signals would have been sufficient for such measurements, would create less inter-cell interference and lower network energy consumption.
Discovery Reference Signal (DRS) was introduced in Rel-12 and re-used in Rel-13 for LAA. In the solutions, DRSs do not have to be transmitted in all subframes i.e. they can be sparse in time and still support RRM measurements. Regardless what option(s) RAN1 will select, there is a general consensus that differently from cell-specific reference signals (CRSs) in LTE, NR reference signals will be more configurable and not transmitted in all subframes and all over the band. 
RS supporting RRM measurement for CONNECTED UEs in NR will be transmitted sparse in time (i.e. not in all subframes) and in more confined frequency resources.
Measurement configuration in NR 
In LTE, the RRC protocol specification contains details regarding the RRC measurements to be carried out by the UE for intra frequency measurements. The measurement configuration includes measurement objects, reporting configurations, measurement identities, quantity configurations and measurement gaps. 
For intra-frequency and inter-frequency measurements, for example, a measurement object is a single carrier frequency which can be associated with a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells. Blacklisted cells are not considered in event evaluation or measurement reporting. 
With the notion of beams introduced in NR and the association between beams and a cell, it seems to be reasonable to assume at least the existence of ‘whitelisted’ cells and ‘backlisted’ cell. FFS whether this notion needs to be extended to beams and/or groups of beams associated to a given cell.
In NR it should be possible to configure ‘blacklisted’ cell and ‘whitelisted’ cells. FFS whether the same notion should be extended to mobility beams. 

As agreed in RAN2#95bis, once the UE accesses a given NR Cell and moves to RRC_CONNECTED the UE should know the set of mobility RSs associated to the serving cell, either via dedicated signalling or by self-detection. In the case periodic MRSs are configured (and transmitted in some kind of sweeping intervals, either localized or covering the whole area), the UE should be aware of at least the following:
· Beginning of an MRS block i.e. subframe the serving MRSs are transmitted 
· Duration of the MRS block and/or for how long the measurement window should be open
· Frequency resources the UE should search for them
Such a configuration is at some extent similar to the one associated to DRSs in LTE, where it is possible to configure the UE with additional periodicity information (dmtc-PeriodOffset) of where to find DRS to be used for RRC measurement by the UE. 
A possible way to transmit MRSs is shown in the figure below.
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Figure 1 : Example transmission time-frequency location of connected mode RS/mobility RS (MRS).

Similar information concerning the neighbor cell MRSs should be equally assumed, otherwise the UE will not be aware about the sub-frames neighbor MRSs are transmitted neither frequency resources. 

Measurement configuration in NR should contain some means to enable the UE to identify the following:
a. Beginning of an MRS block i.e. subframe the serving MRSs are transmitted
b. MRS block duration and/or for how long the measurement window should be open
c. Frequency resources the UE should search for MRSs
		
Based on this information, the UE opens its receiver window to measure on MRSs in those MRS block and frequency resources for RRM measurement.
[bookmark: _Ref465998183]Configuring RRM measurements based on mobility RSs
One of the agreements from RAN2#95bis states that cell level signal quality for RRM measurement can be derived from multiple beams. However, it has not been agreed how to combine beam measurements to a cell level single quality. An illustration of multiple NR cells is provided in Figure 2.
There can be several options as to how the UE measures/compares/reports on the MRSs in different beams such as the following:
Option 1. UE compares serving set of MRSs vs individual MRSs from the neighbouring cells
Option 2. UE compares serving set of MRSs vs groups of MRSs from neighbouring cells
Independent of the option used by the UE, the UE needs to be aware of the serving set of MRSs. By doing so, no RRC level mobility is needed when the UE is moving between these beams. 
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[bookmark: _Ref465998942]Figure 2: A RRC connected UE moving around in an NR network consisting of several beams  

Option1: MRSs from serving cell compared with individual MRSs from neighbouring cells
In that option, the UE can select the best MRS out of the serving set of MRSs as its comparison basis and compares (equivalent to the scenario of A3 event generation) this best MRS with the detected MRS(s) that are not in the serving MRS set. The UE measurement reports can be triggered by the UE and the serving node can still delay the handover if it perceives that it is better to keep the UE for longer. The procedure has some benefits that needs to be taken into account such as:
1) The UE needs to compare best of the serving set to the best beams of the rest and hence the amount of processing to be done by the UE is lesser.
2) The procedure works in multi-antenna heterogeneous scenarios wherein one neighbour might have one omnidirectional beam transmission and the other with 1024 beams. As the UE measures/triggers/reports, the measurement reports per beam level, there is no error due to a possible averaging across the grouping from the neighbouring nodes’ beams. Nevertheless, further studies are necessary via simulations.
Providing beam level comparison is simpler and provides accurate perception of the UE regarding the best beam at that point of time.
NR measurement configuration should support the configuration of mobility events based on individual MRS(s) from serving and neighbour cells.
More details on how L3 filtering is configured will be addressed in another contribution. However, in this single beam scenarios the UE could be configured to perform relative and/or absolute measurements of a single and multiple occasions of the same beamformed mobility RSs.

Option 2: Serving set of MRSs compared with groups of MRSs from neighbouring nodes
The previous configuration has clear advantages but it might not be optimized to some specific scenarios e.g. with TRPs with quite many mobility RSs transmitted in very narrow beams. Some of these limitations have been discussed in RAN2#95bis, such as the following:
1) There is a possibility of increased measurement reporting from the UE as not all the measurement reports will result in handover.
2) Under the assumption of having very narrow beams from the neighbouring nodes, there might be too small stays in each beam which is not sufficient to meet the TTT (Time To Trigger) criterion to even trigger the measurement report. This could possibly result in too late handovers.

For these reasons, there seems to be a reasonable consensus among companies that the UE should be able to group the MRSs from neighbouring cells (FFS how that is done and when it would be used). So far, only a group per cell has been considered i.e. UE knows that beam ID-0, …, beam ID-K belong to cell A. However, other levels of beam grouping e.g. groups of beams per TRPs within the same cell should also be studied.
Regardless of the level of grouping, the main challenge related to measuring multiple beams to define a cell it stat 
NR measurement configuration should support the configuration of mobility events based on groups of MRS(s) from serving and neighbour cells.

[bookmark: _GoBack]Conclusions
In this contribution we made the following observations:
1. RS supporting RRM measurement for CONNECTED UEs in NR will be transmitted sparse in time (i.e. not in all subframes) and in more confined frequency resources.
1. In NR it should be possible to configure ‘blacklisted’ cell and ‘whitelisted’ cells. FFS whether the same notion should be extended to mobility beams. 
Providing beam level comparison is simpler and provides accurate perception of the UE regarding the best beam at that point of time.

Based on the discussion in this contribution we propose the:
1. Measurement configuration in NR should contain some means to enable the UE to identify the following:
a. Beginning of an MRS block i.e. subframe the serving MRSs are transmitted
b. MRS block duration and/or for how long the measurement window should be open
c. Frequency resources the UE should search for MRSs
NR measurement configuration should support the configuration of mobility events based on individual MRS(s) from serving and neighbour cells.
NR measurement configuration should support the configuration of mobility events based on groups of MRS(s) from serving and neighbour cells.
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