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Introduction
From RAN1#86, the following agreement was reached for the beam management and L3 mobility. 
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From the above quoted agreements, it seems clear that in NR CONN-ACTIVE, beam management can handle UE mobility in a certain area (“L1/L2 mobility area”), and RRC at least needs to be involved at least when the UE leaves this L1/L2 mobility area, as illustrated in Figure 1. 
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Figure 1. Mobility in NR CONN-ACTIVE
L3 Mobility and RRM measurements
In RAN2#95bis, the followings are agreed. 
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–	FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
–	FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
–	FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
-	FFS how the cell in connected relates to the cell in idle

3. 	Study how to derive a cell quality based on measurements from individual beams

4. 	In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
-FFS whether there may be cases that do require RRC involvement.

5	UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

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

Agreements for IDLE
1	In IDLE mode, UE performs cell selection and reselection on NR Cells.
2	Study how to derive a cell quality based on measurements.

It is observed that the cell-specific measurement quantity in connected mode is already agreed in RAN2.
Observation
· Connected mode measurement quantity (e.g., cell-specific RSRP) is derived according to cell based measurement.
3.1	Mobility Signals for Cell-specific RSRP measurements
The following two signals are considered for the signals to derive the cell-specific RSRP for the connected mode. 
· NR-SSS
· Beam reference signals (BRS)
NR-SSS may be transmitted on a single antenna port on a narrower BW; while BRS may be transmitted on multiple antenna ports on a wider BW. The details of the proposed BRS can be found in a companion contribution [2]. The number of beams that need to be supported for basic data coverage may be different depending on the carrier frequency and beamforming method. For 30GHz operation for which massive MIMO with hybrid BF is employed, the resulting beams tend to be narrow and relatively large number of TRPs are necessary to cover a cell-coverage area. In this case, the number of cell-specific beams may need to be large, and sufficiently large number of beams may be provided with mapping multiple antenna ports on a same OFDM symbol. For 4GHz operation for which single-beam based access is feasible with full digital beamforming, the resulting access beams may be wide and relatively small number of TRPs are necessary to cover a cell-coverage area. In this case the number of cell specific beams may not need to be large, and NR-SSS may be able to provide sufficient number of beams for this operation. Another aspects to consider for making a choice is the measurement interval and the measurement BW. In LTE specifications, it is optional for UE to measure wide band RSRP. If a similar principle applies in NR, it may be ok to use narrow-BW signal like nrSS for measurement purpose. On the other hand, more recent developments in LTE also allows single-shot RSRP measurements in small-cell on-off and LAA applications, for which wide-BW signal like BRS may be beneficial. 
A similar discussion can be found in our companion contribution on IDLE mobility [1] on the candidates of the signals for mobility measurement. It seems to make sense to assume that common signals and common cell-specific RSRP definitions are used for IDLE and Connected-active. This is e.g. to ensure that the UE does not experience cell ping-pong when being moved from one state to another state. Using the same signal on the same beams will also avoid some RS transmission duplication. 
It is suggested that this signal should carry some kind of locally unique (i.e., cell-specific) beam id that the UE can report in the measurement report. When the source eNB provides this beam-id to the target-eNB, it will help the target eNB e.g. to prepare the correct TRP, and also tune the UE-specific beams used for the UE-specific beam managements according to the location where the UE is expected to appear in the target eNB, which in general allow faster beam alignment in the target cell. The beam-id is a locally unique identifier of the beam within the cell. At least for higher carrier frequency beam management for which beam widths are narrow and each TRP covers only small area, large number of beam IDs, e.g., order of 100s seems to be necessary.
Considering the discussions above, the following is proposed. 
Proposal 1: 
· Support the following mobility RS:
· For sub6GHz: NR-SSS 
· For over6GHz: Beam reference signals (BRS)
· Common mobility RS and common cell-specific RSRP definitions are used for IDLE and CONNECTED-Active.
· Individual mobility RS carry cell-specific beam IDs.
· At least for 30GHz operation, number of beam IDs shall be at least order of 100s. Exact number FFS.
3.2 	Cell-specific RSRP
1 
2 
When TRPs/beams of a neighbouring cell can provide a better quality than the beams of a serving cell, RRM measurement report can be triggered. For this purpose, cell-specific RSRP can be defined and can be used as means for the comparison. There could be two approaches for defining the cell-specific RSRP: (Alt 1) single-beam based and (Alt 2) multi-beam based.
When single-beam based RSRP is employed, e.g., when the cell-specific RSRP is equal to the best beam-specific RSRP of a cell, UE on the cell boundary may see frequent change of the cell having the best beam quality, which may result in inter-cell ping-pong. Hence, Alt 2 is preferred. One example to define the cell-specific RSRP for the beam sweeping case is that UE makes use of x beams for deriving RSRP per cell, e.g., taking average/filtering of x beam measurements associated with the same cell. In general, for the beam sweeping case, the RSRP can be derived as a function of quantities measured on multiple beams. On the other hand, NR multi-beam deployment could also include a scenario of SFN transmission from multiple TRPs as well as the beam sweeping scenario. In this SFN scenario, the cell-specific RSRP is measured from the idle-mobility measurement signal in the cell. At this moment, exact details on how to define the RSRP is FFS. 
The UE triggers a measurement report e.g. when a cell-specific RSRP value derived for a neighbour cell is delta greater than a cell-specific RSRP value derived for a serving cell during TTT (time-to-trigger).
Proposal 2: 
· The UE triggers a measurement report e.g. when a cell-specific RSRP value derived for a neighbour cell is delta greater than a cell-specific RSRP value derived for a serving cell during TTT (time-to-trigger).
· For multi-beam deployment, cell-specific RSRP is derived according to the following two cases:
· Case-1 (sub-6GHz operation, e.g., multiple beams representing the same cell cannot be distinguished, e.g., SFN transmissions from multiple TRPs): the cell-specific RSRP is measured from the mobility RS (i.e., NR-SSS) in the cell
· Case-2 (over-6GHz operation, e.g., multiple beams representing the same cell can be distinguished, e.g., beam sweeping): the cell-specific RSRP is defined as a function of multi-beam measurement quantities derived from the mobility RS (i.e., BRS) in the cell
3.3	L3 Mobility – Handover 
Beam management might be configured to also cover beams of a neighbour TRP in a neighbour cell/eNB, but we cannot assume that every network would support that (will require extensive inter-eNB coordination). Hence inter-eNB mobility has to work as baseline only based on the cell-specific signals discussed in Sections 3.1 and 3.2. 
In general the less information UE provides to the target eNB at handover, the more likely/longer there will be a rate-drop for this UE immediately after handover. This is because it will take time for UE to find the optimal beam pairs for this UE in the target eNB. So providing the beam ID(s) will to some extent help the target eNB to faster beam selection/association at least in the initial beam management process. 
Proposal 3: 
· Study UE reporting on beam IDs and corresponding RSRPs of neighbour cells for facilitating handover operation.
Conclusion
This contribution has discussed mobility on CONNECTED-Active, and made the following proposals.
Proposal 1: 
· Support the following mobility RS:
· For sub6GHz: NR-SSS 
· For over6GHz: Beam reference signals (BRS)
· Common mobility RS and common cell-specific RSRP definitions are used for IDLE and CONNECTED-Active.
· Individual mobility RS carry cell-specific beam IDs.
· At least for 30GHz operation, number of beam IDs shall be at least order of 100s. Exact number FFS.
Proposal 2: 
· The UE triggers a measurement report e.g. when a cell-specific RSRP value derived for a neighbour cell is delta greater than a cell-specific RSRP value derived for a serving cell during TTT (time-to-trigger).
· For multi-beam deployment, cell-specific RSRP is derived according to the following two cases:
· Case-1 (sub-6GHz operation, e.g., multiple beams representing the same cell cannot be distinguished – SFN transmissions from multiple TRPs): the cell-specific RSRP is measured from the mobility RS (i.e., NR-SSS) in the cell
· Case-2 (over-6GHz operation, e.g., multiple beams representing the same cell can be distinguished – beam sweeping): the cell-specific RSRP is defined as a function of multi-beam measurement quantities derived from the mobility RS (i.e., BRS) in the cell
Proposal 3: 
· Study UE reporting on beam IDs and corresponding RSRPs of neighbour cells for facilitating handover operation.
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