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1 Introduction
In RAN2#98 the following agreements were made:

Agreements

1
LTE procedures for MBMS, ProSe, NB-IoT, eMTC, V2X, and GSM, URTRA, CDMA2000 are not captured in NR 38.304.

2: 
Parts of Inactive state procedures that are common with idle mode will be specified in NR 38.304.

3a: LTE procedures for AS support for PLMN selection is taken as a baseline in NR. 

3b: The threshold for determining “high quality PLMN” should be decided by RAN4.

4a:  Cell quality and frequency priority based cell selection and reselection will use LTE baseline.
FFS Service based cell selection and reselection

FFS Derivation of cell quality measurement from beam measurements

5a:  AS procedures for Tracking Areas in LTE can be reused in NR.

6: 
Idle mode support of CSG cells are agreed after confirming with SA/RAN, LTE procedures should be taken as a baseline for NR.

In this paper, we further discuss the cell selection and reselection rules for NR and propose more explicit agreements on the details.
2 Discussion
2.1 Cell selection
In current TS38.300 running CR [1], there are the following description:

	-
The UE seeks to identify a suitable cell; if it is not able to identify a suitable cell it seeks to identify an acceptable cell. When a suitable cell is found or if only an acceptable cell is found it camps on that cell and commence the cell reselection procedure:

-
A suitable cell is one for which the measured cell attributes satisfy the cell selection criteria; the cell PLMN is the selected PLMN, registered or an equivalent PLMN; the cell is not barred or reserved and the cell is not part of a tracking area which is in the list of "forbidden tracking areas for roaming";

-
An acceptable cell is one for which the measured cell attributes satisfy the cell selection criteria and the cell is not barred.


It seems that the concepts of suitable cell and acceptable cell has been agreed by RAN2. In LTE, besides the concept, there are more cell concepts as below (which is extracted from [2]):

	barred cell:

A cell is barred if it is so indicated in the system information [3].
reserved cell:

A cell is reserved if it is so indicated in system information [3].


We think that barred cell and reserved cell should also be applicable for NR.
Proposal 1: Besides the concepts of suitable cell and acceptable cell, the concepts of barred cell and reserved cell are used in NR.
In LTE, the cell selection criterion S in normal coverage is fulfilled when:

	Srxlev > 0  AND  Squal > 0


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


where:

	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (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)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:
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 [33]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101 [33]


NR can reuse the same cell selection criterion. However, about the parameter details, e.g. whether the parameters Pcompensation (to support multiple power classes) and Qoffsettemp (for periodic higher priority PLMN search) are needed can be FFS.
Proposal 2: Reuse the LTE cell selection S criterion, i.e. Srxlev > 0  AND  Squal > 0. The parameter details, e.g. whether the parameters Pcompensation and Qoffsettemp are needed can be FFS.
2.2 Cell reselection
Cell reselection priority can be used for the network load balancing for idle/inactive UE depending on operator’s strategy. Cell reselection information will be broadcasted in system information. Considering overhead, we think that frequency-specific priority should be supported.
Proposal 3: Support frequency-specific priority for cell reselection.
Different UEs may have different QoS requirement. Dedicated reselection priority benefits for accurate load balance and also can drive UE staying in more proper cell considering e.g. UE’s type and service aspects.
Proposal 4: Support dedicated reselection priority configuration for both idle and inactive UE.
If Proposal 4 is agreed, similar to T320 in LTE, a timer can be introduced to determine the period of validity for dedicated reselection priority configuration.
Proposal 5: A timer is introduced to determine the period of validity for dedicated reselection priority configuration.
2.2.1 Measurement rules
In LTE, the following measurement rules are defined: 
	Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for E-UTRAN inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-
For an E-UTRAN inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current E-UTRA frequency the UE shall perform measurements of higher priority E-UTRAN inter-frequency or inter-RAT frequencies according to [10].
-
For an E-UTRAN inter-frequency with an equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRAN frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority unless the UE is triggered to measure an E-UTRAN inter-frequency which is configured with redistributionInterFreqInfo.

-
Otherwise, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority according to [10].


The rules are quite mature and we think they can be reused for NR.

Proposal 6: LTE cell reselection measurement rules are as the baseline for NR, mainly including:

· The UE always performs the measurement on the frequencies/RATs with higher priority than serving frequency;
· If the serving cell fulfils Srxlev <= SIntraSearchP or Squal <= SIntraSearchQ, the UE shall perform intra-frequency measurements;

· If the serving cell fulfils Srxlev <= SnonIntraSearchP or Squal <= SnonIntraSearchQ, the UE shall perform measurements of inter-frequencies or inter-RAT frequency cells of equal or lower priority;
2.2.2  Cell reselection criteria
In LTE, the UE shall perform the cell reselection to a cell on the frequency/RAT frequency with higher priority than the serving frequency when:
	-
A cell of a higher priority RAT/ frequency fulfils Srxlev > ThreshX, HighP during a time interval TreselectionRAT; and

-
More than 1 second has elapsed since the UE camped on the current serving cell.


The UE shall perform the cell reselection to a cell on the frequency/RAT frequency with lower priority than the serving frequency when:

	-
The serving cell fulfils Srxlev < ThreshServing, LowP and a cell of a lower priority RAT/ frequency fulfils Srxlev > ThreshX, LowP  during a time interval TreselectionRAT; and

-
More than 1 second has elapsed since the UE camped on the current serving cell.


For intra-frequency and equal priority inter-frequency Cell Reselection, the ranking criteria is used:
	The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
[image: image1.emf] 

R s  = Q meas , s  + Q Hyst   -   Qoffset temp   R n  = Q meas , n   -   Qoffset  -   Qoffset temp    


where:

Qmeas
RSRP measurement quantity used in cell reselections.
Qoffset

For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Except for NB-IoT, equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, plus QoffsetSCPTM, if QoffsetSCPTM is valid, otherwise this equals to Qoffsetfrequency.
For NB-IoT equals to QoffsetSCPTM, if QoffsetSCPTM is valid plus QoffsetDedicatedfrequency for any frequency other than the frequency of the dedicated frequency offset, if QoffsetDedicatedfrequency is valid, otherwise this equals to Qoffsetfrequency (if QoffsetDedicatedfrequency is valid Qoffsetfrequency is not used) plus QoffsetSCPTM, if QoffsetSCPTM is valid.
Qoffsettemp
Offset temporarily applied to a cell as specified in [3]




The UE shall perform ranking of all cells that fulfil the cell selection criterion S and perform cell reselection to the cell which is ranked as the best cell.

If multiple cells of different priorities fulfil the cell reselection criteria, cell reselection to a higher priority RAT/ frequency shall take precedence over a lower priority RAT/ frequency. 

In summary, the main principle is:

· Priority based thresholds for inter-frequency cells of different priorities, and ifI multiple cells of different priorities fulfil the cell selection criterion S, the target frequencies are the frequencies with the highest priority among the cells;

· The UE performs cell ranking for inter-frequency cells of the same priority and intra-frequency cells.

The criteria are quite mature and we think they can also be reused for NR.

Proposal 7: LTE cell reselection criteria are as the baseline for NR, mainly including:

· Priority based thresholds (ThreshX, HighP, ThreshServing, LowP, ThreshX,) for inter-frequency cells of different priorities, and if multiple cells of different priorities fulfil the cell selection criterion S, the target frequencies are the frequencies with the highest priority among the cells;
· The UE performs cell ranking for inter-frequency cells of the same priority and intra-frequency cells.
In order to coping with the Ping-Pong cell re-selection, hysteresis mechanism should be supported for cell ranking.
Proposal 8: Support the hysteresis mechanism for cell ranking.
3 Conclusion

The paper discusses the cell selection and reselection rules and we propose:
Proposal 1: Besides the concepts of suitable cell and acceptable cell, the concepts of barred cell and reserved cell are used in NR.
Proposal 2: Reuse the LTE cell selection S criterion, i.e. Srxlev > 0  AND  Squal > 0. The parameter details, e.g. whether the parameters Pcompensation and Qoffsettemp are needed can be FFS.
Proposal 3: Support frequency-specific priority for cell reselection.

Proposal 4: Support dedicated reselection priority configuration for both idle and inactive UE.
Proposal 5: A timer is introduced to determine the period of validity for dedicated reselection priority configuration.
Proposal 6: LTE cell reselection measurement rules are as the baseline for NR, mainly including:

· The UE always performs the measurement on the frequencies/RATs with higher priority than serving frequency;

· If the serving cell fulfils Srxlev <= SIntraSearchP or Squal <= SIntraSearchQ, the UE shall perform intra-frequency measurements;

· If the serving cell fulfils Srxlev <= SnonIntraSearchP or Squal <= SnonIntraSearchQ, the UE shall perform measurements of inter-frequencies or inter-RAT frequency cells of equal or lower priority;
Proposal 7: LTE cell reselection criteria are as the baseline for NR, mainly including:

· Priority based thresholds (ThreshX, HighP, ThreshServing, LowP, ThreshX,) for inter-frequency cells of different priorities, and if multiple cells of different priorities fulfil the cell selection criterion S, the target frequencies are the frequencies with the highest priority among the cells;

· The UE performs cell ranking for inter-frequency cells of the same priority and intra-frequency cells.
Proposal 8: Support the hysteresis mechanism for cell ranking.
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