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Introduction
In RAN1#86, the following agreements and conclusions have been reached on the mobility related issues. 
Agreements:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now

Conclusions:
· For RRM measurement and mobility in NR, RAN1 needs to study DL and UL based measurements considering following RAN2 study
· RRC driven at ‘cell’ level
· Zero/Minimum RRC involvement (e.g. at MAC /PHY) 
· FFS what is the definition of a cell
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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
During RAN2#95 the following agreements were made related to RRC based mobility:
Agreements related to RRC based mobility

RAN2 preference:
1	In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)

2	The non-UE specific RS can be found by the UE without much configuration

3	The non-UE specific RS encodes an identity

FFS1	Is RS in connected the same as "xSS"
FFS2 	What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else.
FFS3	Does the UE have to be able to somehow identify a grouping from this identity

These agreements are not intended to preclude uplink based mobility
Final decision whether to introduce non-UE specific RS design is RAN1 responsibility

Requirements for Beam Management
We expect that beam management will be able to handle mobility across large areas e.g. 10’s or 100’s of TRPs, not requiring any RRC reconfiguration for mobility handling purposes. However for this to be possible, the TRP’s deployed in one L1/L2 mobility area will have to meet certain conditions; we expect following conditions:
1. TRP’s need to be in DL sync 
· Can be achieved e.g. by using GPS at the eNB
2. Multi-path delay spread experienced at the serving UEs should be within CP
· Can be achieved e.g. if TRP coverage is relatively small, i.e. radio interface propagation delays between UE and the different TRP’s is relatively similar. Note that this may often be the case in high frequency deployments.
Apart from these L1 limitations, there may also be higher layer limitations. Considering that beam management is mainly handled at L1, we would like to propose that there are as little impacts as possible to higher layers during the beam management. As a consequence, beam management can be limited to operate amongst TRP’s belonging to the same MAC.
In legacy LTE, RRC is at least involved in inter-cell mobility; in COMP scenario 4, PHY handles “mobility” across TRPs within one cell, but when the cell changes, RRC involvement will be necessary. We see no real reason to deviate from this principle. Re-use of the same principle will enable (relatively) consistent mobility operation across LTE and NR. In addition, the cell identification is already to be provided on the nrSS (NR synchronization signals) for IDLE mode and thus it seems nice to enable re-use of this identity for the determining the cell-specific beam set in CONNECTED-ACTIVE state. Reference signals for beam management should be scrambled for interference randomization, similarly as done for legacy LTE. 
Therefore we propose:
Proposal 1:
· A cell corresponds to an L1/L2 beam management area.
· A cell-id can be detected from NR synchronization signals.
· Reference signals for beam management should be scrambled for interference randomization. 
L3 Mobility and RRM measurements
3.1	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: (1) single-beam based and (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: 
· Connected mode measurement quantity (e.g., cell-specific RSRP) is derived according to cell based measurement.
· 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 (multiple beams representing the same cell cannot be distinguished, e.g., SFN transmissions from multiple TRPs): the cell-specific RSRP is measured from the idle-mobility measurement signal in the cell
· Case-2 (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 idle-mobility measurement signal(s) in the cell
3.2	Signals for Cell-specific RSRP measurements
Two alternatives can be considered for the signals to derive the cell-specific RSRP for the connected mode. 
· Alt 1: nrSS
· Alt 2: Beam reference signals (BRS)
nrSS 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 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 nrSS 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.
Proposal 3: 
· Study the following two alternatives for NR mobility measurement signals
· Alt 1: nrSS
· Alt 2: Beam reference signals (BRS)
· Common mobility measurement signals and common cell-specific RSRP definitions are used for IDLE and CONNECTED-Active.
· Individual mobility measurement signals carry cell-specific beam IDs.
· At least for 30GHz operation, number of beam IDs shall be at least order of 100s. Exact number FFS.
· Consider possibility of separate design for NR mobility not to compromise performance across various deployment scenarios.
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 4: 
· 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:
· A cell corresponds to an L1/L2 beam management area.
· A cell-id can be detected from NR synchronization signals.
· [bookmark: _GoBack]Reference signals for beam management should be scrambled for interference randomization. 
Proposal 2: 
· Connected mode measurement quantity (e.g., cell-specific RSRP) is derived according to cell based measurement.
· 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 (multiple beams representing the same cell cannot be distinguished, e.g., SFN transmissions from multiple TRPs): the cell-specific RSRP is measured from the idle-mobility measurement signal in the cell
· Case-2 (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 idle-mobility measurement signal(s) in the cell
Proposal 3: 
· Study the following two alternatives for NR mobility measurement signals
· Alt 1: nrSS
· Alt 2: Beam reference signals (BRS)
· Common mobility measurement signals and common cell-specific RSRP definitions are used for IDLE and CONNECTED-Active.
· Individual mobility measurement signals carry cell-specific beam IDs.
· At least for 30GHz operation, number of beam IDs shall be at least order of 100s. Exact number FFS.
· Consider possibility of separate design for NR mobility not to compromise performance across various deployment scenarios.
Proposal 4: 
· Study UE reporting on beam IDs and corresponding RSRPs of neighbour cells for facilitating handover operation.
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