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Introduction
In RAN1#88, the following agreements were made on RRM measurements [1]: 
Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS

In RAN1# Meeting NR Ad-Hoc, the following agreements were made [2]: 
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded
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

Agreement: 
· The additional RS for mobility if defined can be transmitted on multiple beams.
In this contribution, we will discuss the CSI-RS RRM measurements and additional RS for mobility management with the emphasis on the TRP/beam synchronization signals (TRP/beam-SS).
CSI-RS RRM Measurements
In RAN1#88, it was agreed that “For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS.” In addition, it was agreed that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead. 
To support CSI-RS RRM measurements, the CSI-RS measurement configuration needs to be provided by the network. The network needs to know the UE location within the network in order to configure the CSI-RS. The UE will detect the CSI-RS based on the CSI-RS configuration, perform the RRM (RSRP/RSRQ) measurements for the detected CSI-RS, and select the reference measurements for measurement reporting and event trigger for mobility.  The network may  configure the threshold for RSRP/RSRQ reporting.  UE then reports RSRP/RSRP greater than the threshold. 
Proposal 1:
· The CSI-RS RRM measurements can be configured by network
TX beams of different TRPs should be put into beam groups. Whether the beam groups belong to one or multiple TRPs could be made transparent to UE. UE detects TX beam and reports the measurement reports with associated beam group.  The grouping information, i.e., information regarding which beams belong to the same group, shall be signalled to UE together with the CSI-RS configuration.
Proposal 2:
· Beam grouping information is signalled to UE together with the CSI-RS configuration for RRM measurements.
TRP/Beam-Synchronization Signals as Tertiary Synchronization Signals (TSS)
To support CSI-RS RRM measurement for L3 mobility, it is important to introduce the TRPs/Beam-level reference signals as the Quasi Co-Located (QCL’ed) antenna port with CSI-RS antenna port for TRP/beam-level RRM measurements, PRACH resource selection, and also potentially for L3 mobility management as discussed in [9].   The physical location of CSI-RS antenna ports is transparent to UEs.  The CSI-RS configuration might include antenna ports from different TRPs or cells.   Each CSI-RS antenna port needs to have a reference QCL’ed antenna port, which is used for channel tracking.  The default antenna ports as the QCL reference antenna port is the serving cell RS port, e.g., NR-PSS/NR-SS.   If the configured CSI-RS antenna port is not QCL’ed with existing reference antenna port for multi-beam configuration, non-collocated TRPs, or different cells,  additional antenna port associated with specific beam, TRP and cell would need to be defined for UE autonomous detection and channel tracking.   TRP/beam-SS is the additional antenna port associated with each beam or TRP within a cell for UE to detect and track the channel.   
Proposal 3:
· Introduce TRP/beam-SS as the Tertiary Synchronization Signal (TSS) for each Beam or TRP with a cell for UE autonomous detection and channel tracking of each TRP/beam.  TRP/beam-SS is also used as the antenna port to be QCL’ed with each CSI-RS port for RRM measurements.  
 TRP/beam-SS Design 
4.1 TRP/beam-SS Design based on M-Sequence
There can be multiple approaches to design the TRP/beam-SS. Here, we propose to develop the TRP/beam-SS following the similar approach from LTE SSS due to the fact that LTE SSS is a proven approach for providing high-performance and reliable time/frequency synchronization and is also well known in 3GPP community. The design of the TRP/beam-SS can be much simpler than LTE SSS, however, since after NR-PSS/SSS/PBCH processing, the UE is already time/frequency synchronized with the serving cell and have the frame time information. The NR TRP/beam-SS can be also designed based on the maximum length sequences (M-sequence). The techniques for interleaving and scrambling used in LTE SSS may also be used in TRP/beam-SS to minimizing the intra- and inter-cell interferences. For example, the NR TRP/beam-SS can be constructed by interleaving in the frequency domain two length-N synchronization codes, say S1 and S2, which are two different cyclic shifts of a single length-N M-sequence. The cyclic shift indices of the M-sequences can derive from a function of the TRP/beam-SS Index. The length N can be decided based on the total number of TRP/beam-SS indexes to be supported. To randomize the interference from the neighboring TRP/beams, one sequence, say S1, can be scrambled by a sequence that depends on the NR PSS, while the other sequence S2 can be scrambled by another sequence that depends on the NR SSS. As a result, the detection of the TRP/beam-SS allows the UE to determine unambiguously the TRP/beam-SS index, as well as the cell ID that the TRP/beam belongs to.

Figure 1. An Example of TRP/beam-SS Sequence Generation
4.2 Configuration of the proposed TRP/beam-SS 
To avoid complexity of the configuration and the communication between UE and network, it is preferable that a cell can use the minimum parameters for the configuration of the TRP/beam-SS with full flexibility, while the UE can conduct the TRP/beam-SS detection and measurements with the minimum information from the network after the detection of the NR-PSS/SSS. There could be a number of options to configure the TRP/beam-SS in order to meet the previously discussed design principles. Some of them are listed in the following:
· Option 1: After the detection of the NR-PSS/SSS of a cell, the UE is required to autonomously detect and measure the TRP/beam-SS without any additional configuration information. This may be an ideal situation for the full flexibility in the TRP/beam-SS transmission. But, it may increase the UE’s implementation complexity and may also decrease the TRP/beam-SS detection performance due to the lack of the information.

· Option 2: Only the very essential configuration parameters are provided to help the UE to detect and measure the TRP/beam-SS after the detection of the NR-PSS/SSS of a cell. The essential configuration parameters may be carried in NR PBCH or through RRC messages if the UE is in CONNECTED mode. For this option, all except the essential configuration parameters, of the TRP/beam-SS will be defined either by the pattern defined in the specification or can be derived from the known parameters after the NR-PSS/SSS detection. For example, the TRP/beam-SS time-frequency resource allocation pattern and the number of antenna ports may be fixed in the specification or derived from the known cell IDs and subframe/slot timing. The TRP/beam-SS transmission subcarrier spacing and bandwidth may be defined based on the NR-PSS/SSS subcarrier spacing and bandwidth. Only a few dynamic parameters, such as the transmission periodicity (including ON/OFF indicator of TRP/beam-SS transmission) and the TRP/beam-SS transmission sub-band allocations, if TRP/beam-SS subband location is not the same as that of NR-PSS/SSS, are provided in NR PBCH or through RRC messages if the UE is in CONNECTED mode.

· Option 3: All configurations of the TRP/beam-SS, including the RS pattern, periodicity, resource allocations, antenna ports, etc., are provided by NR PBCH or through RRC messages if the UE is in CONNECTED mode;
Among the above options, Option 2 should be preferable. It will provide a good balance on the TRP/beam-SS transmission flexibility, overhead, implementation simplicity with careful consideration of the fixed and dynamically configured parameters. The NR-PBCH needs only carry the essential system information for the TRP/beam-SS with very minimum extra load. The minor drawback of Option 2 in comparison with Option 1 may be that the UE will need to decode NR-PBCH before detect the TRP/beam-SS of a cell.



Figure 2. NR PBCH provides the minimum essential configuration information of the TRP/beam-SS

4.3 Advantages of the proposed TRP/beam-SS 
In this section, the advantages of the proposed TRP/Beam-SS design are discussed.
Detection and measurement performance
· The quality and consistency of the detection and measurement performance can be ensured due to TRP/Beam-SS taking the similar design as LTE SSS.
· Intra-cell and inter-cell interferences should not be an issue because TRP/Beam-SS are created from M-sequences with excellent cross-correlation properties.

TRP/beam Identification
· LTE SSS uses M-sequence to support hundreds of physical-layer cell-identity group identifications.  Thus, TRP/Beam-SS should have no problem to support unambiguous identification of hundreds TRPs/beams.

Timing information
· One of the main purposes of LTE SSS is to provide the precise timing information for the UE. Thus, TRP/Beam-SS should have no problem to support the precise timing information for TRPs/beams.

Configuration  Complexity
· LTE SSS is always-on reference signals without specific configuration parameter.
· For TRP/Beam-SS, additional configuration parameters may be added to control the transmission, such as transmission period etc.
· UE could detect TRP/beam-SS. gNB does not need to know the UE location within a cell.  

Implementation  Complexity
· Both network and UE implementation will be simpler than CSI-RS. UE only need to perform narrow band SS measurements with the use of the similar, but simplified detection algorithm, as LTE SSS detection algorithm.

RS Overhead
· Small RS resource usage . TRP/beam-SS will be transmitted in a narrowband with a configured period. The transmission can be turned ON/OFF dynamically.

Power Consumption
· Low UE power consumption due to the TRP/Beam-SS is transmitted in narrowband, and the UE only makes the TRP/Beam-SS detection and measurement at the configured location when TRP/Beam-SS is ON.

Intra-cell and inter-cell Interference
· The impact of intra-cell and inter-cell interferences can be minimized with M-sequences that support hundreds of physical-layer cell-identity group identifications
· The TRP/Beam-SS may be configured in different subband to reduce the interference.

Association of TRP/beam-level RRM measurements with the cell-level RSRP measurements
· The association of TRP/Beam-SS RRM measurements to the cell-level RRM measurements can be derived relatively easy since the TRP/Beam-SS is scrambled with both the Cell ID and the TRP/Beam-SS.

Proposal 4: Design the TRP/beam-SS based on the M-sequences with the similar approach as LTE SSS.
Conclusion
In this paper, we discussed the CSI-RS based RRM measurements and the TRP/beam synchronization signals as the Tertiary Synchronization Signals (TSS). Based on the discussion, we have the following proposals: 
· Proposal 1: The CSI-RS RRM measurements should be configured by network;
· Proposal 2: Beam grouping information should be signalled to UE together with the CSI-RS configuration for RRM measurements.
· Proposal 3: Introduce the TRP/beam-SS as the Tertiary Synchronization Signal (TSS) for each Beam or TRP with a cell for UE autonomous detection and channel tracking of each TRP/beam.  TRP/beam-SS is also used as the antenna port to be QCLed with each CSI-RS port for RRM measurements.
· Proposal 4: Design the TRP/beam-SS based on the M-sequences with the similar approach as LTE SSS.
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