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Introduction
NR Mobility management e.g. cell definition, RRM measurements including which RS to use are being discussed in RAN1 and RAN2.
During RAN2#95bis, the following agreements related to RRC based mobility were made [1]:

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)

RAN2#95 also agreed to the following:
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

One key open issue identified in RAN2 is how the cell in connected relates to the cell in idle [2].  The following specific issue was identified as relevant to RAN1:
“What are the RAN1 assumptions on whether the signals (e.g. reference and/or synchronisation signals) supporting idle or connected mode operations are transmitted in the same manner or not such as in terms of beamforming configuration (e.g. single beam, multi-beam)?”
RAN1#86bis [5] agreed to the following: “NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE”. The DL signals for RRM measurements are FFSs however RAN1 has agreed to study the following options: Synchronization signal (e.g., NR-PSS, NR-SSS), RS for demodulating broadcast channel and RS for mobility or any combination of those options.
RAN1#86bis [5] also agreed to the following: in connected mode, “at least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement”. The DL signals for RRM measurements are FFSs however RAN1 has agreed to study the following options: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS), RS for mobility, RS for demodulating broadcast channel or a combination of Cell related RS and RS for mobility.
In this contribution, we discuss synchronization and reference signals as they relate to mobility management for NR UEs in a CONNECTED state and make some observations and proposals related to the open issues. 
Discussion
In LTE, the PSS/SSS are used to detect and synchronize with a cell and determine the Physical Cell ID (PCI).  Cell Specific Reference Signals (CRS), which are determined from the PCI, may be used for channel estimation and coherent demodulation of the DL physical channels.  RRM measurements on the CRSs are used as the basis for making mobility management decisions in both RRC_IDLE and RRC_CONNECTED states.  In NR, although a beam centric cell architecture (single beam or multi-beam) is envisioned, cell acquisition will be based on similar principle with the use of NR PSS/SSS. 
RAN2#95bis agrees that in support of connected mode mobility, UE measures one or more individual beams, and UE should be able to identify a beam.
[bookmark: _GoBack]Although RAN1 still has to work out the detail, it can be inferred from RAN1 discussion and agreements that reference signals used for performing RRM measurements in NR will be beamformed.  These Beamformed Reference Signals (BRSs) should allow a UE to distinguish between the beams from its serving cell or serving set of beams and beams from non-serving cells or non-serving set of beams for RRM measurements in active mobility. Mobility events at beam level will be quite frequent, especially with narrow beams. In order to minimize mobility related RRC signaling overhead in RRC driven mobility, the UE should be able to change a beam within a configurable set of beams without notifying the gNB (NR eNB). The RAN1#86 agreements [3] indicate that an NR cell may correspond to one or multiple TRPs.  A deployment where an NR cell is composed of many TRPs, each capable of transmitting many beams, can be envisioned. For RRC driven mobility, the network should be able to configure the UE with a set of BRSs (transmitted from tightly synchronized TRPs) called here NR mobility set within which, the UE is able to perform beam mobility and choose synchronization reference signal without notifying the network.  
An open issue from RAN2#95 is whether the UE has to be able to somehow identify a grouping from non-UE specific RS encoded identities i.e. the BRSs from the NR mobility set. Our view is the configuration of NR mobility set is network decision transparent to the UE and the UE doesn’t need to identify a grouping between the BRSs. The network groups the beams into mobility sets based on metrics only known to the network (e.g. beam from tightly synchronized TRPs, beams sharing similar channel properties or for e.g. beams that belongs to TRP from the same cluster of distributed unit (DUs) in a deployment with a central controller and distributed units. etc.). It should be noted that during RAN1#86bis, a WF on group-based beam management uses similar concept where for e.g. in downlink, the network group multiple beams into one subset of beams sharing similar channel properties like angles of arrival and departure, QCL and TA.  Similarly, UE may perform beam grouping (e.g. UL Tx beams) and inform the network accordingly.
Proposal 1: UE is not required to identify a grouping from the configured set of beam RS.
Proposal 2: Upon connection establishment and during RRC level mobility, the network configures the NR UE with a NR Mobility Set.
An analogy can be drawn between NR mobility set and WLAN mobility set defined in the context of LTE-WLAN aggregation (LWA) work. We should note that same proposal is made in [4]. 
The network should also be able to configure the UE with a set of BRSs (potentially different from the NR mobility set) which we will call here NR measurement set, which the UE measures and reports to the network for inter-NR-mobility set decision in the network. It should be noted that the NR measurement set may take advantage of the concept of group based beam management for beam-group based measurement reporting and beam-group based measurement configuration. The NR measurement set in this case may encompass multiple beam-groups.
Proposal 3: Upon connection establishment and during RRC level mobility, the network configures the NR UE with a NR Measurement Set.
One of advantage with the use of NR mobility set is it allows the network to decouple mobility handling from the network topology (cells/TRPs grouping under gNB).  It also allows UE battery friendly design and network energy consumption friendly design where UL measurements based mobility is decoupled from DL measurement based mobility. Assuming scenarios where UL measurement based mobility is used, the DL reference signals can be completely turned off with no impact to idle mode operation. 
One option for RRM measurements DL reference signals RAN1 agrees to study is new RS for mobility with no dependency on Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS). This option allows the construction of UE specific mobility set where an identity that may be used to descramble/decode the RS is signaled via dedicated signaling to the UE. This clearly allows for somewhat dynamic formation of “UE-centric” cell in connected mode which is forward compatibility design friendly, a key objective of 5G design. To take full advantage of this, it is preferable not to tie to the cell PCI, the configuration of the NR mobility set (or NR measurement set) including the related BRSs and the ability of the UE to differentiate BRSs within the NR-mobility set from BRSs outside of the NR mobility set.  As result, it is preferable that BRSs are not the same or linked to xSS.
Proposal 4: RS in connected active is not the same or directly linked to xSS for e.g. NR PSS/SSS.
It should be noted that the network can always define the mobility set to be same as the cell. In such case, the identity encoded by the mobility RS (or BRS) may be the same or derivable from the cell identity. In such case one can argue that the complexity of explicitly signaled mobility set identity can be eliminated. We propose that in addition to the new mobility RS, cell related RS is also supported for RRM measurement.
Proposal 5: Serving cell may be termed serving set of beams and non-serving cell may be termed non-serving set of beams.
Proposal 6: The identity of the serving set of beams is explicitly signaled to the UE via dedicated signaling.
Proposal 7: The identity of the non-serving set of beams may be signaled to the UE via dedicated signaling.
Proposal 8: In addition to Mobility RS (e.g. BRS), Cell related RS is also supported for RRM measurements and DL synch in RRC connected mode.
Conclusion
In this contribution, we discuss the FFSs from RAN2#95bis discussion on RRC based mobility and make the following proposals: 
Proposal 1: UE is not required to identify a grouping from the configured set of beam RS.
Proposal 2: Upon connection establishment and during RRC level mobility, the network configures the NR UE with a NR Mobility Set.
Proposal 3: Upon connection establishment and during RRC level mobility, the network configures the NR UE with a NR Measurement Set.
Proposal 4: RS in connected active is not the same or directly linked to xSS for e.g. NR PSS/SSS.
Proposal 5: Serving cell may be termed serving set of beams and non-serving cell may be termed non-serving set of beams.
Proposal 6: The identity of the serving set of beams is explicitly signaled to the UE via dedicated signaling.
Proposal 7: The identity of the non-serving set of beams may be signaled to the UE via dedicated signaling.
Proposal 8: In addition to Mobility RS (e.g. BRS), Cell related RS is also supported for RRM measurements and DL synch in RRC connected mode.
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