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Introduction
In RAN2#96 companies have made a working assumption (to be confirmed by RAN1) saying that connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR. On the other hand, it has not been discussed under which scenarios that would be sufficient so that it was also considered the possibility of using additional RSs besides the RS defined for idle.
The design of RSs for RRM measurements is within the scope of RAN1 so as the agreement says this working assumption would need to be first confirmed by RAN1 until RAN2 can make further progress relying on it.  Meanwhile, RAN2 has started an email discussion to identify the issues of the RS alternatives being studied by RAN1, namely option 1 (same RS used in idle and connected) and option 2 (different RS used in idle and connected).
The current status of the email discussion [96#27] clearly shows that a significant amount of companies would at least consider the need of additional RSs for RRM measurements in RRC_CONNECTED. In addition, even companies who seem to prefer option 1 have raised concerns regarding the RRC configurations and inter-gNB signalling potentially generated by these additional RS used in RRC_CONNECTED. Therefore, as proposed in [1], it seems very natural that these aspects are treated in RAN2 until RAN1 can make further progress. This paper addresses the configurability aspects of these additional RSs in particular the configuration needed for beam detection and the association between beams and cells so that cell-based RRM measurements could be properly performed.
[bookmark: _Ref178064866]Discussion
Association between beam-specific RSs and cells 
In LTE, Cell-Specific Reference Signals (CRSs) are used for RRM measurements in RRC_CONNECTED. The UE first detects a cell ID and based on that derives a 1-to-1 mapping between physical cell ID (PCI) and the CRS sequence. In other words, the UE is required to be provided with minimum configuration in LTE to detect the RS used for RRM measurements. That is possible thanks to the fact that the UE can blindly detect PSS/SSS encoding the cell ID only knowing the carrier frequency, autonomously derive a CRS sequence based on a blindly detected cell ID and assume that CRSs are transmitted all over the band and in all subframes (i.e. UE does not need to be informed about the resources where these RSs are transmitted for the serving and neighbour cells). In LTE, inter-eNB coordination is not required so a UE connected to one eNB can detect and measure on CRSs from other eNB.
In LTE a connected UE is able to detect cells and measure CRS without the need of RRC configuration or inter-eNB coordination

Different from LTE, NR UEs in RRC_CONNECTED shall rely on RS that are beamformed in different directions. In RRC_CONNECTED these beams or directions shall also be distinguishable by the UEs. In RAN2#95bis, it has been discussed how to derive the quality of a cell that is a handover candidate and the following has been agreed:
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

Therefore, if in order to achieve that we would require to keep the exact same property the UE should be able to derive a unique (at least locally) 1-to-N mapping between the PCI and multiple beam-specific sequences that are hard coded in the NR standard. Such a solution would likely introduce a hard limit in the number of beam identifiers per cell ID that could be defined in standards and/or the overhead could become unreasonable. In that case such a solution would clearly lack future proofness, which could be necessary in scenarios where a single cell is defined by multiple TRPs with many antenna ports where quite many beams could be defined per cell ID. This is very much into the RAN1 scope, although the following requirement should be taken into account:
The association between cells and beam-specific / mobility RSs used for RRC_CONNECED shall not limit the number of distinguishable beams defined per cell ID

One way to avoid that limiting hard coded association could be to define a configurable mapping between beam-specific RSs used for mobility (let’s call it MRS, as in RAN1 chairman notes) and the NR cells. In that case beam identifiers could simply be reused across cells using different cell IDs.
NR should support a flexible allocation of beam-specific RSs per cell identifiers i.e. beam IDs could be reused across cells with different IDs

To enable this flexible allocation of MRSs to cell IDs, the UE would need an additional information compared to LTE. However, as pointed out by other companies we also agree that the network should always have the choice to limit the number of RRC Re-configurations for MRS detection to the same number compared to the LTE case. 
NR should not require more RRC signalling (e.g. RRC re-/configuration) than LTE to enable the UE to detect beam-specific RSs for the serving and neighbour cells

One possible way to convey to the UE the association between beam-specific RSs and Cells is via dedicated signalling. In that case the UE accesses an NR cell and is configured at least with a set of MRSs associated to the serving cells (similar might happen during a handover). The connected UE would automatically know that all other detected MRSs belong to non-serving cells. In RAN2#95bis, many companies expressed the additional wish to enable the UE to group beams from neighbour cells too. It is our understanding that this might be useful in some cases and could also be conveyed in the same configuration. Another possible way is via broadcasted system information. One potential drawback could be the need to read the system information from neighbour cells before the UE can perform RRM measurements, which represents a potential additional step compared to the LTE case.

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 above mentioned RAN2 agreements, this contribution discusses the type of configuration that may be necessary to be conveyed to the UE to perform RRM measurements.
Despite the added flexibility for the beam to cell association it is important to say that regardless whether this is done via broadcast or dedicated signalling the solution would not require additional RRC signalling compared to LTE since even in LTE, RRC measurement configurations can be conveyed upon the transitions from idle to connected and upon handovers. The same could occur here by simply defining an additional information element containing the serving set of MRSs and/or other MRS to cell mapping.
Notice that the exact information that is conveyed should be further discussed. However, just to illustrate, a simple solution could be simply a mapping of beam and cell identifiers. However, that should be FFS once RAN1 has progress the design of these beam-specific RSs, their resource allocation scheme, the identifiers they encode, etc.
Conveying the association between beams and cell ID (e.g. via dedicated signalling) does not necessarily increase the number of RRC configurations compared to LTE

It is important to mention that this flexibility would not require complex inter-gNB coordination. If we assume again the simple example of mapping beam IDs and cell IDs this information could potentially be exchanged only once and/or on OAM time scales e.g. when “new beams” would need to be defined for certain cells (as the outcome of certain optimizations).
Conveying the association between beams and cell ID via dedicated signalling does not necessarily require complex and/or frequent inter-gNB coordination

It should be evaluated whether the mapping between beam-specific / mobility RSs and the cell identifiers should be conveyed via system information or via dedicated signalling

Resource allocation of beam-specific mobility RSs
As discussed in section 2.1, LTE CRSs are used for RRM measurements in RRC_CONNECTED. They are transmitted over the entire band and in all subframes. Lessons learnt from LTE have shown that despite its simplicity of being a multi-purpose RS used for control channel decoding, RRM measurements in idle and connected, etc. the design was not forward compatible and was a hindrance when introducing 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, to overcome these issues more 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.
Discovery Reference Signal (DRS) was introduced in Rel-12 and re-used in Rel-13 for LAA. While the solution was developed in 3GPP it became clear that DRSs would not have to be transmitted in all subframes i.e. they can be sparse in time and confined in frequency and still support properly RRM measurements. Regardless what options RAN1 will select, there is a general consensus that in comparison to CRSs in LTE, NR reference signals for RRM measurements will be transmitted sparser in time and confined in frequency.
Current RAN1 agreements indicate that RSs used for RRC_CONNECTED should be transmitted sparse in time, confined in frequency and more configurable
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Figure 1 : Example transmission time-frequency location of connected mode RS/mobility RS (MRS).

In the particular case of the beam-specific RSs to be used in RRC_CONNECTED, regardless if these are designed as UE-specific or not, once the UE is connected it should be aware of the resources where these RSs should be searched so RRM measurements can be performed, not only for the serving but also for neighbour cells. As in the case discussed for the cell to beam association, that resource information could either be informed via system information or via dedicated signalling (e.g. with the measurement configuration). As in the previous case the added flexibility would not require additional RRC signalling compared to LTE. The exact information that is conveyed should be FFS.
Conveying the time and frequency resources for the UE to detect and measure beam-specific RSs does not necessarily increase the number of RRC configurations compared to LTE 

It should be evaluated whether the time and frequency resources of beam-specific / mobility RSs should be conveyed via system information or via dedicated signalling

Resource allocation flexibility and inter-gNB coordination 
Higher flexibility in terms of resource allocation for beam-specific RSs may also require more inter-gNB coordination. That would depend on how dynamic that allocation occurs and consequently often neighbours need to inform each other about the resources that the additional RSs are being transmitted.
As in the case of the cell ID to beam-specific RS mappings that could always be done in a static manner so that the configuration does not change often over time. That would reduce the inter-gNB signalling to almost zero if needed. On the other hand, the standard should provide the flexibility to the network to flexibility and dynamically allocate RSs, in a more on demand manner. The tradeoff between beam-specific / mobility RS resource allocation flexibility and inter-gNB coordination should be a network choice and not something enforced by the standard.
The network should have the flexibility to choose between i) reduce the inter-gNB signalling by using a default configuration for additional RSs or ii) increase the resource allocation flexibility of RSs by providing the UE with specific configuration
The network should be able to configure the UE with at least T/F resources to search additional RSs otherwise a default configuration should be assumed by the UE (FFS how a default configuration should be defined)
Conclusions
In this contribution the following observations have been made:
1. [bookmark: _In-sequence_SDU_delivery]In LTE a connected UE is able to detect cells and measure CRS without the need of RRC configuration or inter-eNB coordination
1. Conveying the association between beams and cell ID (e.g. via dedicated signalling) does not necessarily increase the number of RRC configurations compared to LTE
1. Conveying the association between beams and cell ID (e.g. via dedicated signalling) does not necessarily require complex and/or frequent inter-gNB coordination
1. Current RAN1 agreements indicate that RSs used for RRC_CONNECTED should be transmitted sparse in time, confined in frequency and more configurable
1. Conveying the time and frequency resources for the UE to detect and measure beam-specific RSs does not necessarily increase the number of RRC configurations compared to LTE 

Based on these observations the following has been proposed: 
1. The association between cells and beam-specific / mobility RSs used for RRC_CONNECED shall not limit the number of distinguishable beams defined per cell ID
1. NR should support a flexible allocation of beam-specific RSs per cell identifiers i.e. beam IDs could be reused across cells with different IDs
1. NR should not require more RRC signalling (e.g. RRC re-/configuration) than LTE to enable the UE to detect beam-specific RSs for the serving and neighbour cells
1. It should be evaluated whether the mapping between beam-specific / mobility RSs and the cell identifiers should be conveyed via system information or via dedicated signalling
1. It should be evaluated whether the time and frequency resources of beam-specific / mobility RSs should be conveyed via system information or via dedicated signalling
1.  The network should have the flexibility to choose between i) reduce the inter-gNB signalling by using a default configuration for additional RSs or ii) increase the resource allocation flexibility of RSs by providing the UE with specific configuration
1. The network should be able to configure the UE with at least T/F resources to search additional RSs otherwise a default configuration should be assumed by the UE (FFS how a default configuration should be defined)

Conclusions
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