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During RAN2#94bis 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 

In RAN1# 86 meeting, RAN1 discussed the aspects related to initial access and following agreements made:
	Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· 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
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)



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 beam forming.   
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NR ‘cell’ 
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 physical ID. Furthermore, initial access procedure requires initial time/frequency synchronization to the cell, which provides necessary information for random access. During last RAN2 meeting, RAN2 clarified the understanding of RAN1 agreement that “There is an "xSS" (similar as LTE cell specific RS). On the "xSS" there is at least a NR Cell Id. The xSS is at least used 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. No matter how the NR cell is deployed, i.e. single-beam/multiple-beams or single TRP/multiple TRPs, each NR cell is identified by a physical ID. 
Proposal 1: NR cell corresponding to one or multiple TRPs is detectable and identified by a NR Cell ID. 
Beam Visibility 
The RS design for RRM is being in discussion in RAN1. For UE in CONNECTED mode, there are mainly two approaches to provide RS. One is that the RS is provided by network through dedicated RRC signals similar as CSI-RS (e.g. MRS); the other one is that the RS is provided by network through broadcasting similar as CRS (e.g. BRS). However, one common requirement is that each beam is associated to a specific RS and uniquely identified by a beam ID for beam management and mobility purpose. In other words, beam is visible to UE in connected mode. 
Observation 1: In CONNECTED mode, beam is identified by a beam ID and visible to UE. 
For IDLE mode operation, one important aspect needs to be considered is whether the beams should be visible to UE. There are two options to provide the broadcasting signalling and RS for cell selection/reselection measurement. 
· Option1: this option is utilizing SFN (single frequency network) to increase coverage. Identical synchronization signals as well essential system information for random access are transmitted from multiple TRPs. Whether those signals are beamformed or not are transparent to UE. Since there is not beam-specific reference signal and identification broadcast by the network, beams are invisible to UEs. 
· Option 2: this option is utilizing beam sweeping to provide coverage.  Synchronization signals as well essential system information for random access transmitted on multiple beams, which are on multiple time instances in finite time duration. Each beam has its own reference signal and identification broadcast by the network. Those beams can be detected and are visible to UE in IDLE mode. 

The impact of option 1 and option 2 are compared in table 1. 
	
	Option 1
	Option 2

	Description
	· Utilize SFN;
· Identical synchronization signals and system information are transmitted from multiple TRPs.
	· Utilize beam sweeping;
· Synchronization signals and system information are transmitted on multiple beams with multiple time instances in finite time duration.

	Random access
	· If channel reciprocity is hold, 
· Beam sweeping for Msg1 is still required due to lack of beam related measurement;
· Transmission repetition for Msg2 with best TRP Tx beam is needed.

	· If channel reciprocity is hold, 
· Transmission repetition for Msg1 with best UE Tx beam is performed, through which best TRP Rx beam can be determined by network;
·  One shot transmission for Msg2 with best TRP Tx beam. 

	RS for CONNECTED mobility
	· RS for RRM measurement in CONNECTED mode and IDLE mode are different;
· E.g. dedicated RS for CONNECTED mobility is assigned after RRC connection is established;
· Proper RS configuration is difficult considering the RS-set may be shared by multiple UEs and targets for different beams belonging to different cells in the proximity of the UE. 
	· RS for RRM measurement in CONNECTED mode and IDLE mode are the same, e.g. beam specific RS. 
· RS and the corresponding beam is detected by the UE without much configuration. 

	Additional UE behaviour after transferred to CONNECTED
	· Finer synchronization and initial beam alignment is performed after the RS for RRM measurement is configured. 
	· Additional synchronization and initial beam alignment is not needed. 



In the best case with channel reciprocity hold by both network and UE, option 2 can avoid beam sweeping for both preamble and RAR.  Since UE can perform initial beam alignment according to the beam-specific reference signals broadcast, UE can determine the best TRP Tx beam and best UE Rx beam. If channel reciprocity is hold, UE can utilize the best UE Tx beam for preamble transmission and the best UE Rx beam for RAR reception assuming the best TRP Rx/Tx beam are used at the network side.  In option 1, beam sweeping for Msg1 and transmission repetition for Msg2 are required even channel reciprocity is hold. 



Figure 1 Random access procedure with Option 1 and Option2 (if channel reciprocity is hold)



Figure 2 Initial beam alignment in Option 1 and Option2
Although the effort of initial beam alignment is needed for both option 1 and option2, where to execute the procedure is different. Since initial beam alignment is acquired before UE performs random access procedure in option 2, data transmission can start immediately after RA procedure. For option 1, only after beam-specific RS is configured, finer sync and initial beam alignment are performed, then data transmission is performed. 
Observation 2: Option 1 simplifies IDLE mode operation with high power efficiency, but at the cost of complicated procedures and longer latency in the subsequent steps. 
Observation 3: Option 2 simplifies random access procedure and CONNECTED mode operation with shorter latency, but at the cost of additional measurement on each detected beam in IDLE mode. 

Proposal 2: Beam should be visible to UE and identified by a beam ID in IDLE mode. 
Proposal 3: UE performs Layer 3 measurement on each beam in IDLE mode. 
Mobility in IDLE mode
In LTE, cell selection and reselection is an important function to support UE-based mobility.  Cell selection is usually performed when UE is not camped on any cell, so UE should complete cell selection and camp on a suitable cell as soon as possible. S criterion is the cell selection criterion, which defines a threshold that the signal level of the cell should exceeds. When UE camps on a cell, the cell is considered as the serving cell. After UE camping on a cell, it attempts to reselect a “better” cell. The criteria to evaluate whether the neighbouring cells are better cell are different, which differentiate equal priority cells and non-equal priority cells.  In order to support cell reselection, UE performs measurement on neighbouring cells, evaluate the measurement results of neighbouring cells and determines whether to perform cell reselection. 
In NR cell with multiple beam operation, although UE can detect multiple beams and performs beam-specific RRM measurement for those beams, UE based mobility should be performed on cell-level but not beam level.  
Proposal 4: NR cell selection/reselection is performed to support UE-based mobility in IDLE mode. 
In order to meet the requirement of minimising context move as a consequence of UE based mobility, certain criteria are required to consider those beams together, but not only consider one single beam by the UE.  So that UE can make proper decision to select the suitable NR cell avoiding reselection ping-pong between two NR cells. The side effects of reselection ping-pong is the signalling overhead due to unnecessary context relocation and potentially unnecessary HO after UE transferred to CONNECTED mode. 
Proposal 5: The criteria for cell selection/reselection considers measurement results of multiple beams.
There are many ways to compare two cells when multiple beams are considered. In order to reduce the number of cases that a UE switches back and forth between different cells, the “offset better” rule shall be reused and applied to the best beams (with highest layer-3 filtered RSRP) of the serving and candidate neighbour cells. Furthermore, in order to consider multiple beams, we introduce the concept of “qualified beam”, which means a beam with signal strength above a given threshold. Cell reselection can be executed unless the candidate neighbour cell has at least a given number of qualified beams. The qualified beams other than the best beams may also be compared to ensure a good target. There are many way of comparison. For example, the beams may be compared one by one. We may also compare the average signal strength of qualified beams. Which methods to use is FFS, taking the requirement of unified framework covering both single beam based and multi-beam based deployments into consideration. However, single beam operation can be considered as a special case of multiple beam operation.
Proposal 6: Cell ranking for cell reselection requires that the best beam of neighbour cell should be offset better than that of serving cell.
Proposal 7: Cell ranking for cell reselection requires that the neighbour cell must have at least a given number of qualified beams. 
[bookmark: _GoBack]After cell selection and reselection with the availability RRM measurement results for each beam, UE further knows the best TRP Tx beam and the best UE Rx beam corresponding to it. Then UE begins to read system information and paging signal. It is straightforward that UE selects the best TRP Tx beam for system information acquisition and paging reception using the best UE Rx beam. If channel reciprocity is hold, the best UE Rx beam is actually the best UE Tx beam. So UE can select the best UE Tx beam for preamble transmission. 
Proposal 8: Beam selection is performed for system information acquisition and paging.
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: In CONNECTED mode, beam is identified by a beam ID and visible to UE. 
Observation 2: Option 1 simplifies IDLE mode operation with high power efficiency, but at the cost of complicated procedures and longer latency in the subsequent steps. 
Observation 3: Option 2 simplifies random access procedure and CONNECTED mode operation with shorter latency, but at the cost of additional measurement on each detected beam in IDLE mode. 
We propose:
Proposal 1: NR cell corresponding to one or multiple TRPs is detectable and identified by a NR Cell ID. 
Proposal 2: Beam should be visible to UE and identified by a beam ID in IDLE mode. 
Proposal 3: UE performs Layer 3 measurement on each beam in IDLE mode. 
Proposal 4: NR cell selection/reselection is performed to support UE-based mobility in IDLE mode. 
Proposal 5: The criteria for cell selection/reselection consider measurement results of multiple beams.
Proposal 6: Cell ranking for cell reselection requires that the best beam of neighbour cell should be offset better than that of serving cell.
Proposal 7: Cell ranking for cell reselection requires that the neighbour cell must have at least a given number of qualified beams. 
Proposal 8: Beam selection is performed for system information acquisition and paging.
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