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1 Introduction

In RAN1#88bis meeting, the following conclusions and agreements on DL RS used for L3 mobility in IDLE and CONNECTED modes were achieved [1]:
Agreements:
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.

· Note that signalling other than dedicated RRC signalling is not precluded
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.

· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.

· NR cell ID for time reference of CSI-RS(s) is informed to the UE

· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode

Conclusions:
· For Mobility

Following remaining issues need to be finalized in the next meeting
· Properties of CSI-RS for RRM measurement for L3 mobility, e.g.,
· Timing of CSI-RS for RRM measurement for L3 mobility

· Bandwidth of CSI-RS for RRM measurement for L3 mobility

· Numerology of CSI-RS for RRM measurement for L3 mobility

· The number of REs in the freq. domain of CSI-RS for RRM measurement for L3 mobility
· Resource mapping and parameters of CSI-RS for RRM measurement for L3 mobility

· Configuration of CSI-RS parameters for RRM measurement for L3 mobility

· Details on SS block RSRP

· Whether to use of additional PBCH-DMRS for measurement
In this contribution, we discuss the HO requirement on reading neighbor cell’s time index, and then provide detailed design on properties of CSI-RS for RRM measurement for L3 mobility. 
2 Properties of CSI-RS for RRM measurement for L3 mobility 
In RAN1#88bis meeting, it was agreed to use PBCH to carry SS block time index. The neighbor cell’s SS block time index is necessary for the following purposes:
1) UE can acquire the time sync of neighbor cell by using neighbor cell’s SS block and time index, and then obtain the timing reference of neighbor cell’s CSI-RS for RRM measurement for L3 mobility.
2) In RAN2 agreement, the UE can identify and report N best beams of neighbor cells. Reading neighbor cell’s SS block time index can help UE to identify and report N best SS block beams for L3 mobility.
In another contribution [2], we have shown how PBCH can be encoded with the SS block time index as part of the MIB information in a low complexity and energy efficient manner.   
Observation 1: Allowing UE to read neighbor cell’s PBCH to obtain SS block time index can facilitate L3 mobility in NR. 
2.1 Timing reference of CSI-RS
As mentioned above the UE is allowed to read the neighbor cell’s SS block time index, it is natural to use neighbor cell’s NR-SS to obtain the timing reference of the neighbor cell’s CSI-RS. After the UE feedbacks the best N SS block time index of the serving and neighbor cells, serving cell and neighbor cells can configure the CSI-RS resources in the CSI-RS beams associated to the N best SS block beams to UE. 
Then gNB can indicate to UE the neighbor cell’s CSI-RS timing offset based on reported neighbor cell’s SS block(e.g. SS block 2). UEs first identify cell ID from neighbor cell’s SS block and time sync up with neighbor cell, and then UEs obtain the SS block 2’s time index from PBCH and use time offset to obtain the actual CSI-RS timing. 
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Figure 1 time offset between SS block and CSI-RS
The above can be efficiently achieved with UE-specific CSI-RS, compared with fixed or cell-specific CSI-RS that meant supporting always-on reference signals which are not resource in-efficient due to its always on property i.e. the same reasons that CRS is not re-used from LTE into NR. These always on cell-specific CSI-RS assumed a fixed high overhead and increases with number of SS Blocks and are present regardless of the necessity to support UE in mobility. As shown in our past contributions, in many scenarios the NR-SS is sufficient for perform L3 mobility.
Proposal 1: For the timing reference for CSI-RS, the time offset of the neighbor’s cell CSI-RS relative to its SS block is informed to the UE for the purpose of L3 mobility.  
2.2 Resource mapping and parameters of CSI-RS
Multiple CSI-RS beams can be configured on different ports for UE measurement. UE obtains the CSI-RS configuration information via RRC signaling from serving cell. After UE detects neighbor cell ID, it derives the scrambling ID of to be measured CSI-RS. Based on the measurement on all the configured CSI-RS resources or ports, UE can report cell level quality of the neighbor cell, and may also report N best beams of neighbor cell with CSI-RS resource or port index, which is used to distinguish the beam of the neighbor cell.

We also support to use UE dedicated ID (or Group UE ID) to configure the scrambling ID of the CSI-RS sequence. Before UE enters the edge area of serving cell and neighbor cells, the gNB can indicate UE the dedicated ID which is unique to all neighbor cells within the area. Different cells can send different CSI-RS resources with a same sequence generated by UE-specific ID for UE to perform RRM measurement for L3 mobility. Note whether the scramble ID of CSI-RS sequence is configured to be UE dedicated ID or cell-ID is up to network implementation.
UE specific CSI-RS resource can save CSI-RS configuration overhead as multiple neighbor gNBs can share one CSI-RS resource configuration and use different antenna ports at different gNBs instead of individual CSI-RS configuration for each gNB. Moreover, if UE specific CSI-RS is used, UE requires to generate only one CSI-RS sequence in L3 mobility procedure. This is in contrast with LTE where UE needs to generate multiple CSI-RS sequences based on different cell IDs and can facilitate reducing CSI-RS measurement complexity and delay.
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Figure 2 UE moves within cell boundary with CSI-RS sequence generated from UE dedicated ID
Proposal 2: NR should support to use UE dedicated ID(or Group UE ID) to generate the CSI-RS sequence for UE to perform RRM measurement for L3 mobility.

2.3 CSI-RS for RRM measurement for L3 mobility
The applicability of CSI-RS for L3 mobility should take the following two into considerations:

· Cell discovery: To determine whether a neighbor cell is a better cell for HO than the serving cell, a single RSRP may be reported based on combination of measurements from multiple beams. Therefore, UE does not need to make measurements on all CSI-RS beams and ports that are available for beam management as only a low resolution measurement (RSRP) is required. For this, a low density wideband CSI-RS would be sufficient for such measurement. 

· Fast handover to another cell: In this scenario, not only RSRP-like measurement is needed but the beam information from the target cell from outset to avoid beam sweeping during RACH. This may be considered part of beam discovery of beam management. Therefore, similar CSI-RS configurations that are used for beam management can be used here.

The above provides the framework for CSI-RS with the following characteristics:
· Configurable BW: In addition to being configurable, CSI-RS for L3 mobility is required to have a minimum bandwidth larger than SS block to provide a more accurate RSRP measurement than a SS-based RSRP.
· Configurable Numerology: Support configurable numerology at the symbol level which may be different from numerology of data in the same time slot or partial band to support flexible multiplexing CSI-RS from different cells. 

· As the CSI-RS for L3 mobility is mainly used for RSRP measurement, the maximum number of configurable ports for CSI-RS for L3 mobility and the maximum density d RE/RB/port do not need to exceed the maximum number of supported ports and the maximum density d RE/RB/port for CSI acquisition. 

· The maximum number of supported ports for CSI-RS for CSI acquisition is X ≥ 8 ports with the density d RE/RB/port where values of d are at least d=1, 1/2 with d > 1 FFS.
Proposal 3: The CSI-RS for L3 mobility shall be configurable to support cell discovery and efficient handover. CSI-RS designs from CSI acquisition and Beam Management are adopted.  

3 Conclusions

This contribution has provided our view on measurement based on SS block and CSI-RS. The following observation and proposal have been made: 
Observation 1: Allowing UE to read neighbor cell’s PBCH to obtain SS block time index can facilitate L3 mobility in NR.
Proposal 1: For the timing reference for CSI-RS, the time offset of the neighbor’s cell CSI-RS relative to its SS block is informed to the UE for the purpose of L3 mobility.  
Proposal 2: NR should support to use UE dedicated ID(or Group UE ID) to generate the CSI-RS sequence for UE to perform RRM measurement for L3 mobility.

Proposal 3: The CSI-RS for L3 mobility shall be configurable to support cell discovery and efficient handover. CSI-RS designs from CSI acquisition and Beam Management are adopted.  
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