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[bookmark: _Ref178064866]Introduction 
In NR, most of the discussions about mobility topics focused on the RRC_CONNECTED related issues, which is important for both Non-standalone (NSA) and Standalone NR deployments. Although NSA needs to be completed earlier, it would not take much time to discuss about the RRC_IDLE procedures for Standalone NR deployments. Hence, it is important to progress certain areas in the RRC_IDLE mode procedures and mobility in RRC_IDLE and RRC_INACTIVE.
In this paper, we revisit some of the concepts from LTE about cell selection and cell reselection. We also discuss some aspects related to the SS Burst Set structure in NR and potential measurements rules for RRC_IDLE and RRC_INACTIVE UEs.
This paper is a resubmission of R2-1710447. 
Discussion
Cell selection criterion
In LTE, after a UE has selected a PLMN it performs cell selection. Cell selection procedures consists of the UE searching for the best cell on all supported carrier frequencies (of each supported RAT) until it finds a suitable cell which requires that the cell selection criterion known as the S-criterion is fulfilled. Besides, a UE shall perform ranking of all cells that fulfil the S-criterion during the cell reselection procedure. The S-criterion in LTE is fulfilled when the following conditions are met:Srxlev > 0 AND Squal >0

Where: 
  Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
  Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


In the abovementioned criteria, Qrxlevmeas is the measured cell RSRP and Qrxlevmin is the minimum required RSRP in the cell (while Qqualmeas and Qqualmin are the corresponding parameters for the RSRQ). The other parameters for the cell selection criterion are described in Table 1. In LTE, these parameters are broadcast within SIB1.
In NR, it is still an open issue how the UE will compute cell quality based on multiple beams in RRC_IDLE mode. However, regardless how that is computed, cell selection can be based on cell quality, as in LTE. Similarly, assuming the UE computes cell quality when performing initial access before selecting a suitable cell, one can assume the LTE baseline design for the cell selection criterion.
Proposal 1	As in LTE, NR will define the cell selection criterion, S, in which Qrxlevmeas and Qqualmeas are derived based on cell-level RSRP and RSRQ measurements.
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 36.331 (dB). 

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList-NB, if present, in SIB1-NB, SIB3-NB and SIB5-NB:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 36.101. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList-NB respectively in SIB1-NB, SIB3-NB and SIB5-NB as specified in TS 36.331.

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101


[bookmark: _Ref493577416] Table 1	Parameters for the cell selection criterion in LTE

Cell reselection and ranking criterion
In LTE, the cell reselection procedure allows a camped UE to select a more suitable cell and camp on it. In that process, cell reselection between frequencies and RATs is mainly based on absolute priorities. The UE initially evaluates the frequencies of all RATs based on their priorities and then compares the cells on the relevant frequencies based on radio conditions, using a ranking criterion before reselecting to the target cell (also depending on its accessibility).
The UE ranks the intra-frequency cells and the cells on other frequencies having equal priority which fulfil the S-criterion, as discussed in the previous section, using the so-called R-criterion, defined as follows:
	[bookmark: _Hlk493832698]For the serving cell Rs  = Qmeas,s + QHyst - Qoffsettemp,s
For neighbour cells Rn = Qmeas,n - Qoffset - Qoffsettemp,n


where Qmeas is the RSRP measurement quantity used in cell reselections, Qhyst controls the degree of hysteresis for the ranking, and Qoffset is an offset applicable between serving and neighbouring cells on frequencies of equal priority (the sum of the cell-specific and frequency-specific offsets). Meanwhile, Qoffsettemp is an offset temporarily applied to a cell as specified in TS 36.331.
In our view, such a ranking criterion is also required for UEs performing cell reselection in NR. Hence the following is proposed:
Proposal 2	As in LTE, NR will define the cell-ranking criterion Rs for serving cell and Rn for neighbouring cells, in which Qmeas,s and Qmeas,n are derived based on the cell-level  RSRP measurement. However, this should not preclude any improvements on the cell-ranking criterion for multi-beam operations in NR. 
In LTE, a UE shall filter the cell level RSRP and RSRQ measurements of the serving cell, the intra-frequency neighbour cells and inter-frequency neighbour cells using at least 2 measurements. Whether 1, 2 or more samples should be required for the cell-level RSRP and RSRQ measurements needed by Proposal 1 and Proposal 2 is for RAN4 to decide.
Observation 1	Whether 1, 2, or more samples should be required for the cell-level RSRP and RSRQ measurements needed by Proposal 1 and Proposal 2 needs RAN4 to check and decide. 
Proposal 3	Send LS to RAN4 asking for the requirement for RRC_IDLE and RRC_INACTIVE mode cell-level RSRP and RSRQ measurements used for S-measure and R-measure calculations. 
Measurement configuration for cell reselection
In LTE, the rules for cell selection and cell reselection, where UE-based mobility is applicable, are defined for UEs in RRC_IDLE mode, designed as a UE energy efficient RRC state. Hence, specific rules have been defined to limit the measurements the UE is required to perform so battery power can be saved. For initial access, the UE assumes 20 ms default SS Burst Set periodicity (i.e. the period between two transmissions of the SS Block in the same beam direction). For RRC_IDLE mode RRM measurements for cell reselection purposes the following has been agreed in RAN1 #AH_NR2: 
	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



In RRC_IDLE mode, a UE is informed of a single SS Block based RRM measurement timing configuration. For the SMTC in RRC_IDLE mode, we have the following proposal. 
The SS Block based RRM measurement timing configuration (SMTC) includes the following parameters per frequency carrier which should be included in the system information:
· Woffset: Offset in relation to the start of a SS Burst Set of the serving cell.
· Wduration: Window length matching the union of the SS Burst Sets of the involved cells.
· Wperiodicity:  Repetition period for the configured window. It is a common multiple of the SS Burst Set periodicities of the involved cells. 
Conclusion
In this paper, we have revisited some of the concepts from LTE about cell selection and cell reselection in RRC_IDLE mode and discussed some aspects related to the SS Burst Set structure in NR and potential measurements rules for RRC_IDLE and RRC_INACTIVE UEs. Based on that, the following has been proposed:
Proposal 1	As in LTE, NR will define the cell selection criterion S, in which Qrxlevmeas and Qqualmeas are derived based on cell-level RSRP and RSRQ measurements.
Proposal 2	As in LTE, NR will define the cell-ranking criterion Rs for serving cell and Rn for neighbouring cells, in which Qmeas,s and Qmeas,n are derived based on the cell-level  RSRP measurement. However, this should not preclude any improvements on the cell-ranking criterion for multi-beam operations in NR.
Observation 1	Whether 1, 2, or more samples should be required for the cell-level RSRP and RSRQ measurements needed by Proposal 1 and Proposal 2 needs RAN4 to check and decide. 
Proposal 3	Send LS to RAN4 asking for the requirement for RRC_IDLE and RRC_INACTIVE mode cell-level RSRP and RSRQ measurements used for S-measure and R-measure calculations. 
Proposal 4	The SS block based RRM measurement timing configuration (SMTC) includes the following parameters per frequency carrier which should be included in the system information:
· Woffset: Offset in relation to the start of a SS Burst Set of the serving cell.
· Wduration: Window length matching the union of the SS Burst Sets of the involved cells.
· Wperiodicity:  Repetition period for the configured window. It is a common multiple of the SS Burst Set periodicities of the involved cells. 
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