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1    Introduction
In January adhoc meeting, RAN2 discussed the cell quality measurements for NR Idle/Inactive mobility and agreed on the following:
1. Cell selection criterion (S criterion) is applied to cell selection and reselection. 
2. Both RSRP and RSRQ are considered in S criterion. 
3. From RAN2 perspective compensation parameter(s) is needed to S criterion.
4. Cell reselection for intra frequency case and equal priority inter frequency case, criterion (R criterion) is applied to cell reselection.
5. Qhyst and Qoffset (including both cell specific and carrier specific one) can be applied to R criterion
6. RSRP is applied to R criterion
According to the online and offline discussion, RAN2 agreed to send an LS to RAN1/4 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, the use cases for compensation parameters and the threshold in determining “high quality PLMN” [1].
In Athens meeting, RAN4 discussed the questions in RAN2 LS and provide the answers in the reply LS [2]. The answers are as following:
	[Question 1] RAN2 would like to ask RAN1 and RAN4 if there have been any requirements introduced for the derivation of cell quality measurements in NR Idle/Inactive mode (e.g. the minimum number of samples to be considered).
[RAN4 answer 1]: The requirements of SS-RSRP and SS-RSRQ measurements for NR Idle/Inactive mode will be specified in TS 38.133, including minimum number of samples, sample window, cell detection time, measurement interval and cell evaluation time. The exact requirements are still under RAN4 discussion. RAN4 expects that the procedure for deriving cell measurements from SSB measurements in idle/inactive mode will be decided by RAN2.
[Question 2] RAN2 would like to ask RAN1 and RAN4 what an appropriate minimum value for NR would be to substitute for the  “-110dBm” used in E-UTRAN for PLMN selection criteria. 
[RAN4 answer 2]:  “-110dBm” used in E-UTRAN for PLMN selection criteria can be reused for NR.
[Question 3] RAN2 would like to ask RAN4 whether a Pcompensation type parameter(s) is also needed in S-criteria for NR as in LTE and if there are any additional use cases and how it is applicable, e.g. for SUL. 
[RAN4 answer 3]:  
1. In Release-15 NR, both power class 2 (26dBm) and power class 3 (23dBm) UE are introduced for some FR1 NR bands. Pcompensation type parameter for different UE power classes is needed in S-criteria for NR as in LTE, and the applicable way is same as LTE.
	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)


2. Compensation type parameter to accommodate SUL UE and non-SUL UE is needed in S-criteria for NR. How to apply the compensation parameter in S-criteria is up to RAN2 decision.


In this contribution, we discuss the open issues on NR cell selection/reselection rules, and provide our views.
2    PLMN selection criteria
In 36.304 section 5.1.2 “Support for PLMN selection”, it is specified that:
	The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to. If the UE can read one or several PLMN identities in the strongest cell, each found PLMN (see the PLMN reading in [3]) shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high quality criterion is fulfilled:
1.	For an E-UTRAN and NB-IoT cell, the measured RSRP value shall be greater than or equal to -110 dBm.


RSRP definition of NR and E-UTRAN is very similar. Both of them are the linear average of the power contribution of resource elements that carrying reference signals (i.e. SSS for NR and CRS for E-UTRA). Hence, we think the same high quality criterion can be reused for NR, i.e. -110dBm.
Also, RAN4 confirmed in the reply LS that: “-110dBm” used in E-UTRAN for PLMN selection criteria can be reused for NR.
Proposal 1: If the UE can read one or several PLMN identities in the strongest cell, each found PLMN shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high quality criterion is fulfilled:
· For NR cell, the measured RSRP value shall be greater than or equal to -110dBm for high quality criterion
3    Cell selection rule
 In January adhoc meeting, it was agreed that cell selection criterion (S criterion) is applied to cell selection and reselection. Regarding the compensation parameter(s), RAN2 assumed that compensation parameter is needed, for example, Pcompensation for different UE power classes, same as LTE. So RAN2 asked RAN4 whether a Pcompensation type parameter(s) is also needed in S-criteria for NR as in LTE and if there are any additional use cases and how it is applicable, e.g. for SUL. 
3.1  Pcompensation for different UE power classes
Pcompensation is introduced in E-UTRAN cell selection criterion S, in order to accommodate different UE power classes. According to RAN4 reply LS, both power class 2 (26dBm) and power class 3 (23dBm) UE are introduced for some FR1 NR bands in Rel-15. RAN4 also confirmed that Pcompensation type parameter for different UE power classes is needed in S-criteria for NR as in LTE, and the applicable way is the same as LTE.
	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)


Proposal 2: Pcompensation parameter for different UE power classes is needed in S criterion for NR as in LTE, and the applicable way is same as LTE.
	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)


3.2  Compensation type parameter for SUL
SUL is a supplementary uplink frequency in order to improve the uplink coverage and throughput, which transmits only uplink resource from NR perspective. When SUL is deployed, there are 2ULs configured for one DL of the same cell. 
In Athens meeting, RAN4 also discussed the compensation type parameter for SUL in S criterion. And RAN4 agreed that compensation type parameter to accommodate SUL UE and non-SUL UE is needed in S-criteria for NR. How to apply the compensation parameter in S-criteria is up to RAN2 decision. 
Proposal 3: Compensation type parameter to accommodate SUL UE and non-SUL UE is needed in S-criteria for NR.
In 38.300, there is an example of supplementary uplink. For UEs supporting serving SUL band combination, the uplink coverage is improved and the cell edge is shown as the yellow circle in Figure 1. For UEs supporting neither SUL nor serving SUL band combination, the cell edge is shown as the small green circle in Figure 1. Hence, if SUL is deployed, SUL UE and non-SUL UE will see different cell edge for the same cell in real network.



Figure 1: Example of supplementary uplink (TS 38.300)
Compensation type parameter for SUL is used to compensate the coverage gap between regular uplink and the supplementary uplink. Depending on the specific SUL band combination that is deployed in real network, the exact compensation value is different. 
Regarding how to apply the SUL compensation parameter in S-criteria, one approach could be adding another Pcompensation value, e.g. Pcompensation_SUL.  For example, as shown in Figure 2, Qrxlevmin is the minimum required Rx level in the cell for non-SUL UE. Pcompensation_SUL is the compensation parameter for SUL. Pcompensation_SUL is indicated in SIB1 and applies to UEs supporting the serving SUL band combination. 
Specifically, for UEs supporting the serving SUL band combination, cell selection Rx level value “Srxlev” is calculated as follows:
· Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp   +Pcompensation_SUL
For UEs supporting neither SUL nor serving SUL band combination, Pcompensation_SUL=0. Cell selection Rx level value “Srxlev” is calculated as follows:
· Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp  
· Alternative 1:  Add another compensation parameter for SUL in cell selection Criterion S. “Pcompensation_SUL” is indicated in SIB1 and applies to UEs supporting the serving SUL band combination.
	The cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0



where: 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp + Pcompensation_SUL
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp
where:
Pcompensation_SUL: if the UE supports serving SUL band combination, Pcompensation_SUL is obtained 
from SIB1, else Pcompensation_SUL=0.



[image: ]
Figure 2: SUL compensation in cell selection criterion
Another approach could be indicating multiple “Qrxlevmin” values corresponding to different UE capabilities. For example, as shown in Figure 3, two  “Qrxlevmin” values are indicated in SIB1. Qrxlevmin is the minimum required Rx level in the normal cell, which applies to UEs supporting neither SUL nor serving SUL band combination. Qrxlevmin_SUL is the minimum required Rx level in the SUL cell, which applies to UEs supporting serving SUL band combination. Different UEs will use different values when performing cell selection procedure. The cell selection criterion S is the same as E-UTRAN.
· Alternative 2:  Use the same cell selection criterion S as E-UTRAN, and two “Qrxlevmin” values are indicated for SUL and non-SUL UEs in SIB1.
	The cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0



where: 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp 
Where:
   Qrxlevmin : minimum required Rx level in the cell. If the UE supports serving SUL band combination, Qrxlevmin is obtained from q-RxLevMin-sul in SIB1, else Qrxlevmin is obtained from q-RxLevMin in SIB1.
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Figure 3: Multiple “Qrxlevmin” values for SUL and non-SUL UE
In RAN2#100 meeting, it was agreed that for contention based RA, if the network does not explicitly tell the UE which carrier to use, the UE shall perform UL selection based on the RSRP threshold as initial access. 
There is a parameter “rsrp-ThresholdSSB-SUL” specified in the RACH-ConfigCommon IE referring to L1 parameter “SUL-RSRP-Threshold”, which is a L3 RSRP threshold configured by a cell with SUL for UEs to select appropriate UL carrier for PRACH. Such RSRP threshold represents the minimum required RSRP for DL+UL coverage as shown in Figure 3 (non-SUL coverage), which could be used as “Qrxlevmin” for non-SUL coverage. And Qrxlevmin_SUL is the minimum required RSRP for SUL coverage as shown in Figure 3, which can be determined based on network planning and deployment.
Both alternative 1 and 2 can achieve the same purpose of selecting suitable cells for SUL UE and non-SUL UE in Idle/Inactive mode. According our above analysis, the RSRP value for PRACH selection threshold could be reused as the parameter “Qrxlevmin” in cell selection S criterion. Hence, we slightly prefer alternative 2 (i.e. network transmits two “Qrxlevmin” values for SUL and non-SUL UE), which is more straightforward.
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Figure 3: SUL-RSRP-Threshold for PRACH selection
Proposal 4: RAN2 is kindly asked to select one of the alternatives to apply the SUL compensation parameter in NR cell selection criterion S.
· Alternative 1:  Add another compensation parameter for SUL in cell selection Criterion S. “Pcompensation_SUL” is indicated in SIB1 and applies to UEs supporting the serving SUL band combination.
	The cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0



where: 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp + Pcompensation_SUL
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp
where:
Pcompensation_SUL: if the UE supports serving SUL band combination, Pcompensation_SUL is obtained 
from SIB1, else Pcompensation_SUL=0.


· Alternative 2:  Use the same cell selection criterion S as E-UTRAN, and two “Qrxlevmin” values are indicated for SUL and non-SUL UEs.
	The cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0



where: 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp 
Where:
   Qrxlevmin : minimum required Rx level in the cell. If the UE supports serving SUL band combination, Qrxlevmin is obtained from q-RxLevMin-sul in SIB1, else Qrxlevmin is obtained from q-RxLevMin in SIB1.



3   Conclusions
In this contribution, we discuss the open issues on NR cell selection/reselection rules, and proposals are provided as follows:
Proposal 1: If the UE can read one or several PLMN identities in the strongest cell, each found PLMN shall be reported to the NAS as a high quality PLMN (but without the RSRP value), provided that the following high quality criterion is fulfilled:
· For NR cell, the measured RSRP value shall be greater than or equal to -110dBm for high quality criterion
Proposal 2: Pcompensation parameter for different UE power classes is needed in S criterion for NR as in LTE, and the applicable way is same as LTE.
	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)


Proposal 3: Compensation type parameter to accommodate SUL UE and non-SUL UE is needed in S-criteria for NR.
Proposal 4: RAN2 is kindly asked to select one of the alternatives to apply the SUL compensation parameter in NR cell selection criterion S.
· Alternative 1:  Add another compensation parameter for SUL in cell selection Criterion S. “Pcompensation_SUL” is indicated in SIB1 and applies to UEs supporting the serving SUL band combination.
	The cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0



where: 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp + Pcompensation_SUL
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp
where:
Pcompensation_SUL: if the UE supports serving SUL band combination, Pcompensation_SUL is obtained 
from SIB1, else Pcompensation_SUL=0.


· Alternative 2:  Use the same cell selection criterion S as E-UTRAN, and two “Qrxlevmin” values are indicated for SUL and non-SUL UEs.
	The cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0



where: 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp 
Where:
   Qrxlevmin : minimum required Rx level in the cell. If the UE supports serving SUL band combination, Qrxlevmin is obtained from q-RxLevMin-sul in SIB1, else Qrxlevmin is obtained from q-RxLevMin in SIB1.
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