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Introduction
In previous RAN1 meetings, the following agreements were made for NR RRM measurements:
	RAN1#NR_AH02
Agreements: 
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers
Agreement: 
A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band



	RAN1#NR_89
Agreements:
· RAN1 assumes at least SSS is used for SS block RSRP
· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS

Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block




In this contribution, we further discuss the IDLE and CONNECTED mode UE mobility based on SS-block measurements, including SS block time index ambiguity with multi-TRPs and definition of signal quality measurement such as RSRQ based on SS block.

RRM Measurements and Mobility Management 
RRM measurements are used for the selection of connection point and mobility management when UE accesses the NR system.  Two types of RRM measurements had been used for access point selection and mobility management as follows, 
· Long-term path loss measurements – Long-term path loss measurements are the measurements with L1 filters and L3 filters to extract the path loss of the radio channel by filtering out the effects of fast and slow/shadow fading.  The measurements are used as the indication of the access point coverage area.  The long-term path loss measurements are used as the reference for determining the camping cell or mobility management, such as cell selection/ re-selection or handover.  

· Short-term channel quality measurements - Short-term channel quality measurements are the measurements to with L1 filters to filter out the fast fading effect of radio channel.  The measurements are used to indicate the link quality of each access point/beam.  The short-term channel quality measurements are used as the reference for determining the link quality of the access point/beam to enable dynamic switching of connecting point/beam for spatial diversity gain.   

The NR network is covered with cells with each cell consisting of multiple TRPs and/or multiple beams as shown in Figure 1.   Both types of RRM measurements are used for initial access and mobility management in NR.    UE would perform long-term path loss measurements for the selection/reselection of camping cell and handover.   The short-term channel quality measurements are used as the reference for dynamic selection of serving TRP and/or beam for spatial diversity gain in beam management.   




[bookmark: _Ref471328288]Figure 1: Illustration of NR network with multiple TRPs and multi-beam configuration

The initial access procedure starts with the UE acquiring the NR system DL transmission timing and the cell ID by detection of the NR-PSS and NR-SSS.  UE might detect more than one set of DL NR-PSS and NR-SSS in multi-beam configuration.  UE will select the strongest detected synchronization signals as the camping cell and use its DL timing as the reference timing.   UE will try to decode the NR-PBCH and performs the RRM measurements.
SS block time index ambiguity with multi-TRPs
Based on the RAN1 agreements, there can be multiple SS blocks in an SS block burst set. The locations for the possible SS blocks in an SS block burst set will be indicated by SS block time index and defined in NR specification. However, there may be an issue of SS block time index ambiguity with multiple TRPs as discussed in the following.
For a cell without multiple TRPs, it is clear that when a UE detects an SS block, the UE will obtain unambiguously the SS block time information from the SS block time index. The UE will select the PRACH resource using the SS block time index based on the configured association of the SS block and the PRACH resource. When the gNB detects the PRACH preamble from the UE, the gNB will be able to determine the corresponding the SS-block that the UE detected. 
Similarly, for a cell with multiple TRPs, if all TRPs in a cell use distinguished SS block time index sets, i.e., no duplicated SS block time index is in any two TRPs, when a UE detects an SS block, the UE will still obtain unambiguously the SS block time information from the SS block time index, assuming ideal time synchronization across all TRPs in a cell according to RAN2’s agreement. In addition, the network should be able to configure one to one association between SS block time index and the PRACH resources. Thus, when the gNB detects the PRACH preamble from the UE, the gNB will be able to determine the corresponding the SS-block that the UE detected.
However, for a cell with multiple TRPs, if TRPs in a cell does not use distinguished SS block time index sets, i.e., one or more SS block time indexes are used in two or more TRPs, when a UE detects an SS block, the UE may not know corresponding TRP. Figure 2 shows one example, where a UE is located at a place where the UE is able to detect SS blocks from all three TRPs in a cell. In the Figure, it is assumed the UE may be able to detect the SS block 2 from both TRP2 and TRP3. When the UE detects SS block 2, the UE may not know the detected SS block 2 is from TRP1 or TRP2. In this case, if PRACH resources are only associated with SS block indexes but not TRP indexes, the gNB detects the PRACH preamble from the UE, the gNB will not know the associated TRP, and thus unable to decide which TRP and which DL Tx beam should be used for the transmission of the Msg.2 in PRACH procedure. 


Figure 2:  Illustration of SS block time index ambiguity with multi-TRP and multi-beam configuration

The SS block time index ambiguity may be solved with different ways. Two options are listed in the following: 
Option 1: For a cell with multiple TRPs, each TRP will transmit TRP-specific RMSI, which contains TRP-specific RACH configuration for the association of the SS block and the TRP-specific PRACH resource. When a UE detects an SS block, the UE obtains corresponding TRP-specific RACH configuration, and use the TRP-specific RACH configuration to select the RACH resource. In this way, when the gNB receives the PRACH preamble from the UE, the network will know the corresponding SS block and the TRP detected by the UE.
Option 2: Include third synchronization or reference signal (TSS) for identification of each TRP in addition to the time index of SS-block.  
With Option 2, the TSS can be used not only to separate the SS blocks from different TRPs, but also be used as the reference signal for channel tracking of a specific TRP. 
Proposal 1:  TSS should be introduced to solve the SS block time index ambiguity for a cell with multiple TRPs.
For CONNECTED mode UEs, the RRM measurements for L3 mobility would be determined by the UE connectivity. In particular, the configuration of NR access nodes and cells could be multi-dimension as shown in Figure  3.   A NR cell is configured with multiple TRPs and each TRP could be configured with multiple beams.   The RRM measurements for CONNECTED mode UEs would be subjected to the UE connection to a TRP within a cell or a beam in the multi-beam configuration within a TRP as shown in Figure 1.   In order to have the connectivity to a TRP in a cell or a beam of the multi-beam configuration in a TRP, TSS as beam specific RS is needed for initial acquisition and the channel estimation and channel state measurement.   TSS should be used for the RRM measurements of L3 mobility.   
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[bookmark: _Ref465974780]Figure 3:  Illustration of UE multi-connectivities in a NR cell with multi-TRP and multi-beam configuration

It was agreed that the remaining minimum system information (SIBs) not carried by NR-PBCH, but by NR-PDSCH.  The resource allocation of the NR-PDSCH is scheduled by DCI of NR-PDCCH, which the resource is allocated by NR-PBCH.  TSS is used for identification of each beam in addition to the time index of SS-block.  TSS would also be used as the reference signal for channel tracking of a specific beam.   For UE mobility in the CONNECTED state within a cell, the RRM measurements are the short-term channel quality measurements to allow the gNB to dynamically select the best beam for spatial diversity gain.   Beam-specific DM RS of the DL control channel and DL shared channel carrying system information could be used along with TSS for the short-term channel quality RRM measurements for intra-cell mobility.   CSI-RS can be used in addition to IDLE mode RS for CONNECTED mode RRM measurement for L3 mobility.  Each CSI-RS resource is associated with a TRP or a beam within a cell.   CSI-RS is also considered as the RS for beam management.   CSI-RS is a beam specific RS for UE to identify.   The characteristic of CSI-RS for beam managements and RRM measurements for L3 mobility is similar to that of TSS.    Thus, CSI-RS could be considered as TSS as the candidate for beam-specific RRM measurement.   

Proposal 2: CSI-RS could be considered as TSS as the candidate solution for SS block time index ambiguity for a cell with multiple TRPs.   
Proposal 3:  RRM measurements for CONNECTED mode UE intra-cell mobility are short-term channel quality measurements.   DL signals for short-term channel quality measurements include TSS (CSI-RS).  
When multi-beam is configured in an NR system, each beam will be configured with its own beam-specific RS, such as CSI-RS, in order for UE autonomously detection of the beam and measurement of channel state information of each beam.   The beam-specific RS is also used for the channel tracking and channel estimation of each beam in the multi-beam configuration.  The RRM measurements would be based on beam-specific RS.  DL broadcast channel, DL control channel, and DL shared channel are all beam formed in the multi-beam configuration.  The DM RS of the DL control channel and DL shared channel needs to be QCL’ed with the beam-specific RS for multi-beam operation.   The RRM measurements of multi-beam operation would be based on beam-specific RS and DM RS of DL control channel and DL shared channel.  
For inter-cell mobility for CONNECTED mode UEs, the RRM measurements are the long-term path loss measurements to determine the best camping cell.  The camping cell is selected by UE when UE is under its coverage area. CONNECTED mode UEs continues the search for NR-PSS/NR-SSS of neighbouring cells.   When the signal strength of the neighbouring cell is detected above the configured threshold, UEs will use the cell associated signals NR-PSS/NR-SSS and associated cell specific signals DM RS of NR-PBCH for the RRM measurements.  Thus, NR-PSS/NR-SSS and the NR-PBCH are the signals for the long-term path loss RRM measurements for CONNECTED mode UE inter-cell mobility.   

Proposal 4:  RRM measurements for CONNECTED mode UE inter-cell mobility are the long-term path loss measurements.   NR-PSS/NR-SSS and the NR-PBCH are the signals for the long-term path loss RRM measurements. 
NR RSRQ Definition
In our view, NR RSRQ can be introduced as follows: 
NR Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement subframes, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes. If higher layers indicate all OFDM symbols for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of measurement subframes. If higher-layers indicate certain subframes for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of the indicated subframes. 

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency.



  
Conclusion
This paper discusses the RRM measurements for IDLE and CONNECTED mode UEs.  We propose the following,  
· Proposal 1:  TSS should be introduced to solve the SS block time index ambiguity for a cell with multiple TRPs.
· Proposal 2: CSI-RS could be considered as TSS as the candidate solution for SS block time index ambiguity for a cell with multiple TRPs.    
· Proposal 3: RRM measurements for CONNECTED mode UE intra-cell mobility are short-term channel quality measurements.   DL signals for short-term channel quality measurements include TSS (CSI-RS).  
· Proposal 4:  RRM measurements for CONNECTED mode UE inter-cell mobility are the long-term path loss measurements.   NR-PSS/NR-SSS and the NR-PBCH are the signals for the long-term path loss RRM measurements.
· Proposal 5: Introduce the NR RSRQ definition as defined in this paper.
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