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1. Introduction

At the last RAN1 NR AH meeting, DL based measurement for L3 mobility was discussed and RAN1 made following agreements [1].
	Agreement:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)

· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility


In addition, also at the last RAN2 NR AH meeting, NR mobility design was discussed and following agreements were made [2].
	Agreements:

1:
LTE cell selection and reselection mechanisms are the baseline for NR.

2:
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell.

· FFS how to derive the cell level measurement quantity from multiple beams (may or may not be different from connected).


In this contribution, we discuss on mobility procedure design for NR, including IDLE mode and RRC_CONNECTED mode mobility. Details on mobility RS design are discussed in our companion contribution [3].
2. Discussion on DL based mobility procedure for NR
2.1. RRC_CONNECTED mode mobility procedure
For UE in RRC_CONNECTED mode, network needs to manage associated TRP site and beam in addition to the cell. Since CSI measurement/reporting for many TRP sites and beams will cause significant UE burden and overhead, number of CSI processes at UE will be limited and the network needs to identify limited number of candidate TRP sites and beams for the UE based on RRM measurement reporting, i.e., L3 mobility procedure. We note that there was a similar motivation when dense small cell deployment was studied in Rel-12 LTE. As shown in Figure 2-1, DRS (CSI-RS) based RSRP measurement/reporting (2nd procedure in the figure) can help to select a proper set of transmission points (TPs) for CSI measurement/reporting, and then L1/L2 mobility (4th procedure in the figure) is achieved among the set of TPs even with larger number of TPs within a cell.
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3. Based on DRS measurement result, UE is configured to measure/report CSI-RS for 

proper TPs (max. 4 CSI processes)

2. UE is configured to measure/report DRS(CSI-RSRP) for TPs (max. 96 DRSs to be 

measured and max. 8 DRSs to be reported)

1. UE detects cell based on PSS/SSS and reports RRM measurement results 

based on CRS (max. 8 cells to be reported)

4. UE measures/reports CSI-RS for TPs (max. 4 CSI processes) and 

eNB dynamically selects proper TP for data transmission/reception


Figure 2-1: Mobility procedure in Rel-12 DRS-based shared cell ID operation

Therefore, we think TRP/beam-level measurement reporting is necessary for DL-based RRC_CONNECTED mode mobility in addition to the cell-level measurement reporting. Figure 2-2 shows an example of mobility procedure in NR multi-beam based operation. Since a cell has many (e.g., nine in the example) beams to compose coverage area, L1/L2 beam management procedure, i.e., CSI measurement reporting would not be able to cover all beams due to limitation on maximum number of CSI processes at UE. Hence, beam level RSRP measurement reporting will help to select a proper set of beams for CSI measurement/reporting. We think further study is necessary at least for following points based on the mobility procedure shown in Figure 2-2.
· Beam width of NR-PSS/SSS, MRS and CSI-RS

· Whether/how wider beam width of SS/MRS compared with that of CSI-RS can achieve sufficient coverage

· Target mobility and UE capability
· System level geometry evaluation results (e.g., in [4]) would be helpful to investigate number of required beams for the coverage in a certain deployment scenario

· Then, for the target mobility, required periodicity of measurement/reporting and number of processes for CSI-RS (i.e., fine beams to be used for data transmission/reception) should be investigated
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1. UE detects NR cell based on NR-PSS/SSS and reports cell level RSRP e.g., based on NR-SSS and/or other cell-

specific RS such as DMRS for PBCH

2. UE also detects (coarse) beam and reports beam level RSRP e.g., based on Mobility RS

3. Based on (coarse) beam level RSRP report, UE is configured to measure/report CSI-RS for proper (fine) beams

4. UE measures/reports CSI-RS for (fine) beams and gNB selects proper beam for data transmission/reception

Beam width for CSI-RS

Beam width for SS/MRS


Figure 2-2: Example of mobility procedure in NR multi-beam based operation

If cell-level measurement reporting can be performed without using MRS, MRS-based TRP/beam-level measurement reporting can be dynamically triggered when necessary, i.e., MRS transmission may not be necessary to be always-on. In case of NR cell consisting of single TRP/beam, MRS for TRP/beam level measurement reporting may not be triggered or configured so that RRC_CONNECTED mode mobility in such case can be handled by cell-level measurement reporting.

For L3 mobility based on DL measurement for UE in RRC_CONNECTED mode, it has been agreed in RAN1 that at least one of cell-level and beam-level measurement quantities is supported for RRM reporting. RAN2 also agreed that measurement report will contain cell measurements. If only cell measurements are reported, the handover (HO) procedure in NR is similar as LTE, which is shown in Figure 2-3. Source gNB makes HO decision based on cell-level measurement reports and issues a HO request message to the target gNB. The target gNB performs admission control and sends HO request acknowledge to the source gNB, which includes a new C-RNTI, and possibly a dedicated RACH preamble and some other parameters. In this case, the HO decision based on cell-level measurement reports may be not good enough due to lack of beam measurement reports. For example, for a UE, if a cell has only one strongest beam with other weak beams, while another cell has multiple qualified beams, whose signal strength is above a given threshold but not the best, it could be better if the source gNB gives higher priority to the latter cell during HO decision. However, with cell-level measurement reports only, the source gNB cannot distinguish such two cells for better HO decision. Moreover, due to the lack of beam-level reporting, the target gNB could not apply appropriate TX/RX beam for the UE from the beginning of RACH procedure. In Figure 2-3, after receiving the RRCConnectionReconfiguration message, UE performs synchronization to target gNB and accesses the target gNB via RACH. Similar as initial access, TRP/UE need to identify the best TX beam and its corresponding Rx beam during RACH procedure, which leads to some HO delay. Hence, beam level RRM measurement reporting is beneficial as it can help the source gNB to make more proper HO decision and to facilitate fast HO procedure. With beam level measurement reporting, at least following study is necessary based on the mobility procedure shown in Figure 2-3. 
· The multi-beam measurement events need further study, which involve comparison of cells and beams. For example, whether independent or joint event/threshold/reporting should be defined for cell and beam, and whether a new triggering condition related to number of qualified beams should be defined. 
· Some signaling enhancement is needed as beam information may be included. For example, the HO request from source gNB for target gNB may include the beam list indication based on information of selected Tx beam(s) of target gNB in measurement reports. In addition, the HO request acknowledgement from the target gNB to the source gNB could include one or multiple dedicated RACH preamble/resource associated with the selected Tx beam(s) of target gNB. With the beam associated RACH preamble/resource, UE can complete the HO procedure in a shorter time.
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Figure 2-3: HO procedure in LTE
Proposal 1: TRP/beam-level measurement reporting should be supported for DL-based RRC_CONNECTED mode mobility.

· DL-based cell-level measurement reporting is also required in RRC_CONNECTED mode mobility.

· For intra-cell L1/L2 mobility, target mobility (i.e., UE speed) and UE capability such as maximum number of CSI processes and periodicity of measurement/reporting should be further studied.
· For L3 mobility, at least following mobility procedure should be further studied, including multi-beam measurement events and enhanced signaling with beam information.

2.2. IDLE mode mobility procedure
According to the RAN2 agreements, UE in IDLE mode performs RRM measurement to determine the best cell to camp on. The cell reselection at the UE will be performed when the UE needs to change some configuration/behavior (e.g., synchronization reference and scrambling ID of reference signal for demodulation of control channel, configuration of random access and so on) to keep enabling random access, paging and so on. Therefore, TRP sites/beams that cannot share the same synchronization and configuration for IDLE mode UE should not be associated with the same NR cell. 
Assuming that TRP sites/beams within a NR cell share the same synchronization and configuration, basically IDLE mode UE does not need to care about TRP site/beam within the same NR cell. So, RAN1 agreed to support cell-level mobility based on DL cell-level measurement (e.g., RSRP for each cell) in IDLE mode UE. In order to derive the cell-level measurement result, cell-specific DL reference signals such as NR-SSS and DM-RS for demodulating broadcast channel, i.e., any combinations of them can be utilized. 
In case of multi-beam based operation, broadcast signals/channels such as NR-SS, NR-PBCH and DM-RS for NR-PBCH demodulation are transmitted with beam sweeping. Each OFDM symbol containing NR-SS or NR-PBCH/RS within a period would be associated with different TRP beam. In addition, SFN transmission among multiple TRP sites/beams is also possible as shown in Figure 2-4. Based on the resource where UE detects NR-SS and/or NR-PBCH, UE may identify its associated TRP beam implicitly and exploit it for example in random access as proposed in [4].
Configuration for cell reselection, random access and paging reception should be provided in SI so that IDLE mode UE can perform them. Although minimum SI necessary for initial access should be broadcasted and always on, it is preferable to avoid broadcasting of other SI and paging in terms of overhead. In addition, if UE in IDLE mode is not aware of the resource containing paging or SI transmitted by proper TRP beam for the UE, UE would need to keep waking up during the beam sweeping transmission of paging or SI and would consume battery. To solve these issues, we think it is beneficial to consider following mechanisms for IDLE mode procedure. Details on proposals for efficient paging mechanism are discussed in our companion contribution [5].
· Identification of appropriate TRP TX beam at UE side based on SS-block RSRP and periodic/aperiodic reporting to NW (e.g., by using RACH procedure)
· Predefining or signaling of association between SS block and resource related to paging or SI (e.g., UE-common or UE-group-common search space)

Proposal 2: Cell-level measurement can be performed by using cell-specific DL reference signals.

· Combination of cell-specific DL reference signals such as NR-SSS and DM-RS for demodulating broadcast channels can be considered.
Proposal 3: It is beneficial to consider following mechanisms for IDLE mode procedure.

· Identification of appropriate TRP TX beam at UE side based on SS-block RSRP and periodic/aperiodic reporting to NW (e.g., by using RACH procedure)
· Predefining or signaling of association between SS block and resource related to paging or SI (e.g., UE-common or UE-group-common search space)
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Figure 2-4: Example of cell-specific signal/channel transmission in multi-beam/TRP based operation

3. Conclusion 

In this contribution, we discussed on mobility procedure design for NR, including IDLE mode and RRC_CONNECTED mode mobility. We made the following proposals. 
Proposal 1: TRP/beam-level measurement reporting should be supported for DL-based RRC_CONNECTED mode mobility.

· DL-based cell-level measurement reporting is also required in RRC_CONNECTED mode mobility.

· For intra-cell L1/L2 mobility, target mobility (i.e., UE speed) and UE capability such as maximum number of CSI processes and periodicity of measurement/reporting should be further studied.
· For L3 mobility, at least following mobility procedure should be further studied, including multi-beam measurement events and enhanced signaling with beam information.
Proposal 2: Cell-level measurement can be performed by using cell-specific DL reference signals.

· Combination of cell-specific DL reference signals such as NR-SSS and DM-RS for demodulating broadcast channels can be considered.

Proposal 3: It is beneficial to consider following mechanisms for IDLE mode procedure.

· Identification of appropriate TRP TX beam at UE side based on SS-block RSRP and periodic/aperiodic reporting to NW (e.g., by using RACH procedure)
· Predefining or signaling of association between SS block and resource related to paging or SI (e.g., UE-common or UE-group-common search space)
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