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During RAN2#95 meeting, IDLE mode design for NR was discussed and very general agreement were made. 
Agreements
1:	In the 5G system, the UE camps on the best cell
FFS how the UE determines the best cell 

During RAN2#95bis meeting, following agreements were made for IDLE mode operation. 
Agreements for IDLE
1	In IDLE mode, UE performs cell selection and reselection on NR Cells.
2	Study how to derive a cell quality based on measurements.

In RAN1# 86 meeting, RAN1 discussed the NR cell in IDLE mode with the following agreements:
	Agreements:
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access



In RAN1#86bis meeting, following agreements were made for DL measurement in IDLE mode.
	Agreements:
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode



With the consideration of previous RAN2 and RAN1 works, this contribution try to progress the discussion on IDLE mode operation in NR cell considering the potential impact of beamforming.   
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NR ‘cell’ in IDLE
Generally, initial access procedure comprises cell search and random access procedures. Cell search is the first step for UE to find a cell to acquire time/frequency synchronization and system information, and similarly random access is the first signal that UE transmits to gain access to the network. 
Based on the agreement made by RAN1, we can observe that RAN1 agreed that NR cell is needed for initial access. It is covered by one or multiple TRPs and can be detected and identified by a cell ID. The ID is carried by NR-SS. Furthermore, initial access procedure requires initial time/frequency synchronization to the cell, which provides necessary information for random access. 
Proposal 1: NR cell in IDLE corresponding to one or multiple TRPs is detectable and identified by an ID carried by NR-SS. 
DL signals for RRM
Currently, there are two methods to provide cell coverage, i.e. single beam operation and multiple-beam operation. For LF band, single beam operation is used same as LTE. The cell coverage can be further optimized if SFN is applied. For HF band, considering the feasibility to form wide beams and the challenges to overcome the large path loss through omi-directional transmission, beam sweeping is a must to provide cell coverage. Whether single beam is sufficient to provide coverage on HF should be evaluated in RAN1. 


                                Single Beam                                                                              Multiple beam
Figure 1 Single-beam and Multiple-beam Deployment
RAN1 listed the options to study for DL signals for IDLE mode RRM measurement. Generally, there are two kinds of DL signals for IDLE mode RRM measurement, one type of DL signal is cell-specific signal; the other type of DL signal is beam-specific signal. 
The cell-specific RS is more proper for single beam operation. If single beam operation is used to provide cell coverage, current RRM measurement on cell-specific signals in LTE can be largely reused. 
Proposal 2: For single beam operation, IDLE mode RRM measurement on cell-specific signals in LTE can be considered as baseline. 
For multiple beam operation, RAN 2 agreed that cell level signal quality for RRM measurement can be derived from multiple beams for connected mode. The purpose of considering multiple beams is to optimize HO ping-pongs / HO failures.For IDLE mode operation, in order to meet the requirement of minimising context move as a consequence of UE based mobility, the same principle of considering multiple beams can be applicable to IDLE mode.  So that UE can make proper decision to select the suitable NR cell avoiding reselection ping-pong between two NR cells.
Proposal 3: For multiple beam operation, IDLE mode RRM measurement on beam-specific signals should be considered. 
Mobility in IDLE mode
During last RAN2 meeting, RAN2 agrees that UE performs cell selection and reselection on NR Cells and how to derive a cell quality based on measurements will be studied. However, there is one question for RAN1 that how the cell in CONNECTED relates to the cell in IDLE. From RAN1 aspects, it’s FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode.  
In our accompany contribution [1], we analyse the pros and cons on whether to decouple NR cell in IDLE and CONNECTED. In order to avoid unnecessary HO after UE state transition and apply unified RRM measurement in both IDLE and CONNECTED, the same cell coverage and criteria for cell quality evaluation should be applied for UE in IDLE and CONNECTED. 
Proposal 4:  The same criteria for cell quality evaluation should be applied for UE in IDLE and CONNECTED. 
There are many ways to compare different cells when multiple beams are considered. In order to consider multiple beams, we introduce the concept of “qualified beam”, which means a beam with signal strength above a given threshold. The potential methods to consider multiple beams for cell quality evaluation can be:
· E.g.1 Number of qualified beams;
· E.g.2 Average of RSRP for the qualified beams;
· E.g.3 RSRP of best beam together with another N qualified beams; etc
Taking E.g.3 for example, the “offset better” rule is applied to the best beam of the serving and candidate neighbour cells. Furthermore, Cell reselection can be executed unless the candidate neighbour cell has at least N qualified beams. The qualified beams other than the best beams may also be compared to ensure a good target. Which method to use is FFS, and it depends on how to combine beam measurements to a cell level single quality in CONNECTED mode. 
Proposal 5: Cell ranking for cell reselection considers multiple qualified beams for each cell. 
Beam selection in IDLE mode
In our accompany contribution [1], we analyse the pros and cons on whether different beams should be distinguished by UE in IDLE. If beam is visible to UE in IDLE, beam-level measurement and initial beam alignment can be performed, which can be used to optimize system information acquisition, paging reception and random access procedure.


Figure 2 RRM Measurement in Multiple-beam Operation
If beam-specific signals for different beams are considered for DL RRM measurement, UE will measure different TRP Tx beams. Different UE may have different capability of beamforming, depending on its RF architecture. If UE side beamforming is used, a matrix with each element corresponding to a TRP Tx-UE Rx pair can be derived. Taking Figure 2 for example, each cell is covered by a set of coarse TRP Tx beams, e.g. 6 beams through beam sweeping.  Assuming UE has 4 directional beams for transmission and reception, 6 TRP TX beams e.g. beam1~beam6 are measured with each UE RX beams e.g. UE Rx beam1~beam4.  With those measurement results for each TRP Tx-UE Rx pair, a DL measurement result profile can be derived at the UE side. Based on the matrix, UE can find one or more TRP Tx beams with best measurement results as well as the corresponding UE Rx beams.
Observation 1: A DL measurement matrix can be derived if different beams are considered for RRM measurement.
Observation 2: Each element in the measurement matrix at the UE side is corresponding to a TRP Tx- UE Rx beam pair. 
During cell selection and reselection procedure with the availability RRM measurement results for each TRP beam, UE further knows the best TRP Tx beam as well as the UE Rx beam corresponding to it. After camp on a NR cell, UE begins to read system information and receive paging. Although the same system information and paging message may be transmitted in all the beams providing cell coverage, it is straightforward that UE selects the best TRP Tx beam for system information acquisition and paging reception using the best UE Rx beam.
Proposal 6: Beam selection on TRP Tx beams is performed for system information acquisition and paging reception.
When UE performs random access procedure, firstly UE needs to determine the UE Tx beamformer for Msg1, and the PRACH resources which can be received by a specific TRP Rx beamformer.  If the DL measurement profile for different TRP Tx-UE Rx pairs are available, random access procedure can be optimized if there is channel reciprocity available. 


Figure 3 Random access procedure when channel reciprocity is available at network
It was agreed in RAN1 when Tx/Rx reciprocity is available at gNB, association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH occasions is informed to UE by broadcast system information or known to UE. The association between the PRACH resources and for DL broadcast channel/signal can help network perform UL beam tracking and select proper TRP Rx beam for UL reception, i.e. for Msg1 and Msg3. So network can determine the best TRP Rx beam for Msg1 reception based on the associated PRACH resources. Just as illustrated in Fig 3 a)&b), if channel reciprocity is available at the network side, the TRP Tx corresponding to the TRP Rx for Msg1 reception can be used for Msg2 transmission. 
If channel reciprocity is available at the UE side as illustrated in Figure 3, UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s Rx beams [3]. So UE can select the best UE Tx beam for preamble transmission. Otherwise, UE may need to perform beam sweeping for Msg1 transmission through all UE Tx beams. 
Taking Figure 3b) for example, in the best case with channel reciprocity hold by both network and UE, beam sweeping can be avoided for both preamble and RAR.  Based on the measurement profile and the association between the broadcast signal and PRACH resources, UE selects the best UE Tx/Rx beam assuming network using the best TRP Rx/Tx beam accordingly. UE can utilize the best UE Tx beam for preamble transmission, taking the PRACH resources corresponding to the TRP Rx beam with best measurement results.  The UE selects the best UE Rx beam for RAR reception assuming the best TRP Rx/Tx beam are used at the network side.  
Proposal 7: Beam selection on TRP Tx beams is performed for random access procedure. 
Conclusion
In this contribution, IDLE mode operation in NR cell considering multiple beam operation is discussion. 
We make following observations on beam visibility to UE:
Observation 1: A DL measurement matrix can be derived if different beams are considered for RRM measurement.
Observation 2: Each element in the measurement matrix at the UE side is corresponding to a TRP Tx- UE Rx beam pair. 
We propose:
Proposal 1: NR cell in IDLE corresponding to one or multiple TRPs is detectable and identified by an ID carried by NR-SS. 
Proposal 2: For single beam operation, IDLE mode RRM measurement on cell-specific signals in LTE can be considered as baseline. 
Proposal 3: For multiple beam operation, IDLE mode RRM measurement on beam-specific signals should be considered. 
Proposal 4:  The same criteria for cell quality evaluation should be applied for UE in IDLE and CONNECTED. 
Proposal 5: Cell ranking for cell reselection considers multiple qualified beams for each cell. 
Proposal 6: Beam selection on TRP Tx beams is performed for system information acquisition and paging reception.
Proposal 7: Beam selection on TRP Tx beams is performed for random access procedure. 
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