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1. Introduction
In RAN2#94 [1], it was agreed that there are two levels of mobility in RRC_CONNECTED (active), one level with zero/minimum RRC involvement and one level with RRC based mobility driven at ‘cell’ level. 
The UE should be able to identify and measure individual beams and it should be able to distinguish between serving and neighbor cell beams [2]. For the cell-level RRC based mobility, measurements of individual beams can be combined into a ‘cell’-level quantity. 
In RAN1, the mobility with zero/minimum RRC involvement is mainly discussed in the context of L1/L2 beam management. Our views on measurement RS and beam management are presented in the companion contributions [3][4][5].
The ‘cell’ level RRC driven mobility has been called ‘L3 mobility’ in RAN1. For L3 mobility in connected mode, it was agreed that at least non-UE-specific DL signals can be used for RRM measurements [6]. Furthermore, the following candidates signals should be studied:
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· Option 2: RS for mobility
· FFS how to associate it with beam-ID and/or Cell-ID
· Option 3: RS for demodulating broadcast channel
· Option 4: A combination of option 1 and 2
· Other options are not precluded
For the reporting of the RRM measurements for L3 mobility, the following options should be studied:
· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)
· Option 2: derived per beam
· Option 3: A combination of option 1 and 2
· Other options are not precluded
In this contribution, we further discuss the connected mode ‘cell’ concept and DL signals for connected mode L3 mobility.
2. Cells for Connected Mode L3 Mobility
L3 mobility is based on ‘cell’-level RRM measurements. However, the relation between the ‘NR cells’ seen by idle mode UEs and the connected mode ‘cells’ has not yet been agreed. The need to use different ‘NR cells’ (idle) or ‘cells’ (connected) is largely based on the network deployment. TRPs that are unsynchronized, connected with non-ideal backhaul and/or have limited coordination capabilities typically need to create different cells. This deployment-dependency is valid for both idle mode ‘NR cells’ and connected mode ‘cells’. From this point of view, it is reasonable to assume that idle mode ‘NR cells’ significantly overlap with connected mode ‘cells’. On the other hand, synchronized TRPs with ideal backhaul do not have to create different idle mode ‘NR cells’ or connected mode ‘cells’. For connected-mode, intra-cell mobility can be used instead. Hence, we propose the following.
Proposal 1: Idle mode NR cells are used also as cells in connected mode L3 mobility.
Note that the use of cells for L3 mobility does not mean that the same cell concept has be used for L1/L2 mobility. Instead, L1/L2 mobility should allow sufficient flexibility to use concepts such as virtual cells and beam groups. 
In some scenarios, it may be motivated to let different TRPs create different cells, even though the TRPs have sufficient synchronization and coordination capabilities and connectivity to support same cell operation. At least in such scenarios, and when the TRPs share the same MAC entity, it should be possible to employ L1/L2 mobility between the TRPs, even though they serve different cells. This is discussed in more detail in [11].
Proposal 2: L1/L2 mobility between TRPs serving different cells (for L3 mobility and idle) is supported, at least when the cells/TRPs share the same MAC entity.
3. DL Signals for Connected Mode L3 Mobility
As a result of Proposal 1, it is reasonable to consider the DL signals used for idle mode RRM measurements also for connected mode RRM measurements. As discussed in the companion contribution [7], the amount of DL signals used for idle mode RRM measurements should be minimized, in order to reduce network power consumption and interference. Candidate signals for idle mode RRM measurements include NR-SS and an additional mobility-RS, that are transmitted sparsely to just meet the requirements for idle mode UEs. In order to support connected mode detection and RRM measurement of cells that only transmit these sparse always-on signals, also connected-mode RRM measurements and reporting based on the signals used by idle mode UEs should be supported.
Proposal 3: NR supports connected mode cell-level RRM measurements and reporting based on always-on signals used for idle mode mobility.
Various schemes to translate measurements on multiple SS blocks into a cell-level quantity could be further considered, for example the alternatives listed in Table 1 in [9]. However, these sparsely transmitted signals are probably not sufficient for meeting connected mode RRM measurement requirements, in particular for handover between cells. One way to achieve this is to simply transmit the signals for idle mode mobility more frequently. Even though it is a simple solution, it may not be the most efficient. Instead, the reuse of RS for L1/L2 mobility for L3 mobility should be considered. In [8], we propose a multi-level RS design for NR, where the first-level periodic/multi-shot RS is used for measuring large-scale channel properties such as RSRP. Such measurements could form the base also for L3 mobility. However, the beam-level  measurement results based on first-level RS available in L1/L2 at the network side may need to be translated into a cell-level quantity, as discussed in detail in [9]. Also the translation into a cell-level quantity based on beam-level measurements at the UE side, with a corresponding cell-level measurement report could be considered.
Proposal 4: NR supports connected mode L3 mobility based on RRM measurements on RS (e.g. a first-level RS) defined in the L1/L2 beam management framework.
Proposal 5: RAN1 studies the translation of beam-level measurement results into a cell-level quantity, to be used for L3 mobility.
In other words, connected mode L3 mobility is based on two levels of RRM measurements:
1. RRM measurements on signals used for idle mode mobility – discovery of cells that only transmit always-on signals
2. RRM measurements on RS defined in the L1/L2 beam management framework – providing sufficient accuracy for connected-mode L3 mobility
This means that we propose to adopt “Option 4: A combination of option 1 and 2”.
Proposal 6: DL signals for connected mode RRM measurements are based on Option 4 (A combination of option 1 and 2).
4. Triggering of Denser DL Signals Transmission for Connected Mode L3 Mobility
Standalone cells that do not serve any connected UE should be able to transmit only the sparse always-on signals. Such cells will be discoverable and measurable by connected UEs in neighbor cells. However, these sparse signals may not be sufficient for connected mode mobility, as discussed above. Therefore, it would be useful for a serving gNB to be able to request a candidate cell to turn on the more dense RS, for example as part of handover preparation, in order to enable higher-accuracy RRM measurements for connected mode.
Proposal 6: A serving gNB can request a candidate cell to turn on dense RS for mobility, for example as part of handover preparation.
Alternatively, the dense RS transmission can be triggered by UL signal measurements, even without standard support of UL mobility. This is illustrated in Figure 1, in which there is a single connected UE in a cell. The two closest candidate cells have turned on denser transmission of RS for L3 mobility. The other cells (dashed) only transmit the sparse always-on signals, which enables support for idle mode UEs. It also makes the cells discoverable and measureable for the connected mode UE. Additionally, the triggering of RS for beam management and RRM measurement by a preamble during initial access could be considered, in order to allow fine beam searching before RRC connection is established . 
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5. Conclusions
The following was proposed above: 
Proposal 1: Idle mode NR cells are used also as cells in connected mode L3 mobility.
Proposal 2: L1/L2 mobility between TRPs serving different cells (for L3 mobility and idle) is supported, at least when the cells/TRPs share the same MAC entity.
Proposal 3: NR supports connected mode cell-level RRM measurements and reporting based on always-on signals used for idle mode mobility.
Proposal 4: NR supports connected mode L3 mobility based on RRM measurements on RS (e.g. a first-level RS) defined in the L1/L2 beam management framework.
Proposal 5: RAN1 studies the translation of beam-level measurement results into a cell-level quantity, to be used for L3 mobility.
Proposal 6: A serving gNB can request a candidate cell to turn on dense RS for mobility, for example as part of handover preparation.
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