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1	Introduction
Durin the study phase of NR following agreements were reached regarding reselection handling in NR as capture din 38.804 v1.0.0:
[bookmark: _Toc476249021]10.1.1.1	Cell reselection
The following cell reselection methods as specified in TS 36.304 [15] are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:
-	Intra-frequency reselection is based on ranking of cells.
-	Inter-frequency reselection is based on absolute priorities.
-	Inter-RAT reselection can be also based on absolute priorities.
-	Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;
-	Service specific prioritisation;
NOTE 1:	For NR, it is FFS for which services the service specific prioritisation is applied and how it could be applied for the case of network slices.
-	A concept of neighbour cell lists and black cell lists;
-	Speed dependent cell reselection.
In multi-beam operations, measurement quantity of a cell is derived from N best beams corresponding to the same cell where the value of N can be configured to 1 or more than 1.
NOTE 2:	It is FFS on details of filtering to be applied (E.g. for the case N = 1, the best beam is filtered by a single filter as the best beam changes) and whether to only consider beams above a threshold (good beams).
Additionally for the need to support reselection behavior both in IDLE and INACTIVE states.
In this paper we give a view how to proceed to progress reselection handling in the RAN2 specifications  namely 38.304 and 38.331.
Additionally for cell selection following agreements were made:
[bookmark: _Toc476249016]9.1	Cell selection
Cell selection is performed by one of the following two procedures:
a)	Initial cell selection (no prior knowledge of which RF channels are NR carriers);
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each carrier frequency, the UE need only search for the strongest cell.
3.	Once a suitable cell is found this cell shall be selected.
b)	Cell selection by leveraging stored information.
1.	This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, from previously received measurement control information elements or from previously detected cells.
2.	Once the UE has found a suitable cell the UE shall select it.
3.	If no suitable cell is found the Initial Cell Selection procedure shall be started.
The following three levels of services are provided while a UE is in RRC_IDLE:
-	Limited service (emergency calls, ETWS and CMAS on an acceptable cell);
-	Normal service (for public use on a suitable cell);
-	Operator service (for operators only on a reserved cell).
The definition of an acceptable cell, a suitable cell, a barred cell and a reserved cell is also applicable for cell selection in NR. A cell is considered as suitable if the following conditions are fulfilled:
-	Measurement quality of a cell is above a threshold;
-	A cell is served by the selected/registered PLMN and not barred.
NOTE:	Other conditions are FFS if any.
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell. It is FFS how to derive the cell level measurement quantity from multiple beams, which may or needs not be different for the one in RRC_CONNECTED.

2	Discussion
2.1	Cell selection
Basic principles for cell selection have been already agreed in the study item phase i.e. utilization of initial cell selection as well as stored cell selection – Cell selection procedure follows normal principles from legacy systems i.e. 
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each carrier frequency, the UE need only search for the strongest cell.
3.	Once a suitable cell is found this cell shall be selected.
In order to define if cell is suitable (or acceptable/barred/reserved) we need to define requirements. In LTE, they are defined in following way (CSG parts removed for clarity):
acceptable cell:
An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls and receive ETWS and CMAS notifications). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call and to receive ETWS and CMAS notification in a E-UTRAN network:
-	The cell is not barred, see subclause 5.3.1;
-	The cell selection criteria are fulfilled, see subclause 5.2.3.2;
suitable cell:
A "suitable cell" is a cell on which the UE may camp on to obtain normal service. The UE shall have a valid USIM and such a cell shall fulfil all the following requirements.
-	The cell is part of either: 
-	the selected PLMN, or: 
-	the registered PLMN, or:
-	a PLMN of the Equivalent PLMN list
According to the latest information provided by NAS:
-	The cell is not barred, see subclause 5.3.1;
-	The cell is part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [4], which belongs to a PLMN that fulfils the first bullet above;
-	The cell selection criteria are fulfilled, see subclause 5.2.3.2;
If more than one PLMN identity is broadcast in the cell, the cell is considered to be part of all TAs with TAIs constructed from the PLMN identities and the TAC broadcast in the cell.
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].
Following exceptions to these definitions are applicable for UEs:
-	camped on a cell that belongs to a registration area that is forbidden for regional provision of service; a cell that belongs to a registration area that is forbidden for regional provision service ([5], [16]) is suitable but provides only limited service.
-	if a UE has an ongoing emergency call, all acceptable cells of that PLMN are treated as suitable for the duration of the emergency call.
It seems that in principle these definitions are good for NR as well. Of course PLMN selection and tracking area concepts need to be clarified with CT/SA but it seems to be clear that similar concepts will be in NR as well. Thus we propose:
Proposal: Take cell suitability, acceptability, barred and reserved cell definitions from LTE as baseline for NR. Mark PLMN/TA aspects as FFS until we have coordinated with other WGs. 
It seems also that we would need to define some sort of radio criteria that needs to be fulfilled in order of cell being suitable/acceptable. At simplest we could just define a configurable level which needs to be fulfilled
Proposal: There will be cell selection criteria defined which is based on received signal strength and/or quality. At least we will define configurable level(s) that need to be fulfilled for cell to be suitable. Any additional conditions are FFS
So cell selection criterion could be something like this:
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – Qrxlevmin
Squal = Qqualmeas – Qqualmin


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (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)



2.7	Cell reselection

For the reselection we have already made following agreements during study item phase:
The following cell reselection methods as specified in TS 36.304 [15] are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:
-	Intra-frequency reselection is based on ranking of cells.
-	Inter-frequency reselection is based on absolute priorities.
-	Inter-RAT reselection can be also based on absolute priorities.
-	Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;
-	Service specific prioritisation;
NOTE 1:	For NR, it is FFS for which services the service specific prioritisation is applied and how it could be applied for the case of network slices.
-	A concept of neighbour cell lists and black cell lists;
-	Speed dependent cell reselection.
In multi-beam operations, measurement quantity of a cell is derived from N best beams corresponding to the same cell where the value of N can be configured to 1 or more than 1.
NOTE 2:	It is FFS on details of filtering to be applied (E.g. for the case N = 1, the best beam is filtered by a single filter as the best beam changes) and whether to only consider beams above a threshold (good beams).
2.7.1	 Intra-frequency reselection
As indicated we have already agreed to use cell ranking for intra-frequency reselection and in most simple form it would be to rank cells based on power/quality. In LTE we rank intra-frequency cell with separate criteria in order to have hysteresis in power domain. This seems to be critical element also in the NR in order to avoid frequent ping pong. Also as agreed we would define neighbour cell lists. In our understanding this means basically cell specific offsets. It has been also useful to have frequency specific offsets in order to avoid to signal offset for each and every cell.
Proposal: Use hysteresis in ranking based reselection to avoid ping ponging.
Proposal: Define frequency specific offset for ranking based reselection evaluation
Proposal: Define cell specific offsets for ranking based reselection evaluation
Assuming similar modeling as in LTE the basic ranking criteria would become following:
The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:


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: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.


2.7.2	 Inter-frequency/RAT reselection
As indicated we have already agreed to use priority based reselections for inter-frequency/RAT. It seems that in LTE priority based reselection was carefully designed and that would be good baseline also for NR priority based reselection.
In LTE equal priority frequencies were handled with ranking based reselection. This would allow network flexibility to use ranking based reselection for inter-frequency cases. We do not see any reasons to deviate from this principle also in NR – especially if in some scenario one would like to use something else than frequency reuse-1 deployments then ranking based reselection between frequencies would be good.
Proposal: Define priority based reselection between carriers and RATs by reusing rules as defined in 36.304, 5.2.4.5. 
Proposal: Define equal priority based reselections to use ranking based criteria (same as in LTE)
4	Conclusion
In this paper we provided various views on IDLE/INACTIVE mode cell selection/reselection:
Regarding Cell service definitions:
Proposal: Take cell suitability, acceptability, barred and reserved cell definitions from LTE as baseline for NR. Mark PLMN/TA aspects as FFS until we have coordinated with other WGs. 
Regarding Cell selection criterion:
Proposal: There will be cell selection criteria defined which is based on received signal strength and/or quality. At least we will define configurable level(s) that need to be fulfilled for cell to be suitable. Any additional conditions are FFS
So cell selection criterion would be initially like this:
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – Qrxlevmin
Squal = Qqualmeas – Qqualmin


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (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)



Regarding ranking based reselection:
Proposal: Use hysteresis in ranking based reselection to avoid ping ponging.
Proposal: Define frequency specific offset for ranking based reselection evaluation
Proposal: Define cell specific offsets for ranking based reselection evaluation
The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:


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: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.



Regarding priority based reselection:
Proposal: Define priority based reselection between carriers and RATs by reusing rules as defined in 36.304, 5.2.4.5. 
Proposal: Define equal priority based reselections to use ranking based criteria (same as in LTE)

References
[1] [bookmark: _Ref75086397]3GPP TS 21.801 Drafting Rules



image1.wmf
 

R

s 

= Q

meas

,

s 

+ 

Q

Hyst

 

 

 

R

n 

= Q

meas

,

n

 

-

 Qoffset 

 

 

 


oleObject1.bin


Rs = Qmeas,s + QHyst 







Rn = Qmeas,n - Qoffset � 




















oleObject2.bin


Rs = Qmeas,s + QHyst 







Rn = Qmeas,n - Qoffset � 




















