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1    Introduction
Last meeting, RAN2 have discussed the support of supplementary uplink frequency (SUL) in RRC_CONNECTED state. The related agreements are provided as follows. 
Agreements for connected mode operation:
1	Random access resources (including PRACH and common PUSCH configuration just for the RA procedure) can be configured on both the UL and the SUL carrier.
FFS: Whether common PUCCH configuration is also needed for the connected mode case. 
2	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.
3	For contention free RA, the network explicitly indicates to the UE which UL carrier to used (e.g. in PDCCH order or via dedicated RRC RACH configuration) (For PDCCH order case RAN1 needs to make final decision if the carrier can be indicated in the DCI)
4	SUL specific configuration should also be carried in the inter node messages for EN-DC and handover cases.
5	RRC configuration can include PUSCH, SRS and power control info per UL carrier, and dedicated PUCCH for a single UL carrier.
FFS: What combination of configuration per carrier are allowed.
6	Per UL PHR reporting is not supported in this release.

Agreements:
1: 	Common PUCCH configuration can be included in the common configuration in the RRC dedicated signalling.
2: 	The UL differentiation (i.e. indication of SUL and UL) in DCI is predefined 
3	In RRC signalling separate UL configuration and SUL configuration structures as they both only represent up to one UL configuration. The setupRelease structure can be used to indicate addition/modification/removal for each UL.
4: 	Confirm the RRC configuration as in the table in the paper (the BWP parts should follow the agreements from the BWP discussion)
In this contribution, we discuss the potential impact on RRC_IDLE/RRC_INACTIVE state cell selection/reselection due to SUL.
2    Discussion
In previous meetings, RAN2 discussed the SUL impact on random access, connected mode reconfigurations and power headroom [1] [2]. These discussions are mostly focused on RRC_CONNECTED state. In this section, we discuss the potential SUL impact on mobility in RRC_IDLE/RRC_INACTIVE state and RRC_CONNECTED state.
2.1 Uplink and downlink imbalance in NR system
In Table1 and 2, we preliminary calculated the MAPL of control channel and traffic channel for both uplink and downlink based on 3.5GHz frequency. 
The calculation is based on +26dBm UE maximum output power and 2Tx, the results show that even with the UE maximum output power of +26dBm and 2Tx, NR system is still UL coverage limited, both for the Control Channel and the Traffic Channel. The obvious imbalance between UL and DL coverage will definitely impact the subscribers’ experience.
Observation 1:  In NR system, the uplink coverage is limited compared to downlink coverage for both control and traffic channel.
Table 1:  The PRACH MAPL and PDCCH MAPL of 3.5GHz 5G NR’s Control Channel
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Control Channel 
	PRACH MAPL (dB) 
	PDCCH MAPL (dB) 

	AntennaConfig.
	2Tx*64Rx
	64Tx*4Rx

	Noise Power (dB)
	-128.7
	-125.2

	Sensitivity - Composite
	-140.5
	-130.7

	Total System loss Margin (dB)(Dense Urban/Urban)
	39.6
	42.6

	SNR for MCS Level - 1%BLER(dB) 
	-11.8 
	-5.5 

	3.5GHz
	125.87@26dBm/20MHz 
	129.85@46dBm/20MHz 


Table 2:  The UL MAPL and DL MAPL of 3.5GHz 5G NR’s Traffic Channel
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Traffic Channel 
	Time slot allocation (UL:DL) 
	UL MAPL (dB) 
	DL MAPL (dB) 

	3.5GHz
DL 8Mbps + UL 512Kbps, 
UE: 2T4R, BS: 64T64R 
	1:3 
	118.62
@26dBm/20MHz 
	128.92
@46dBm/20MHz 

	
	2:2 
	121.59
@26dBm/20MHz 
	126.79
@46dBm/20MHz 



2.2 SUL impact
In order to improve the uplink coverage and throughput, SUL is introduced in Rel-15 NR. SUL is a supplementary uplink frequency, which transmits only uplink resource from NR perspective. When SUL is deployed, there are 2ULs configured for one DL of the same cell. 
As we discussed in section 2.1, uplink coverage is limited compared to downlink coverage in NR system. For UE that supports SUL, the uplink coverage is improved and the cell edge is shown as the blue circle in Figure 1. For UE that does not support SUL or supports SUL but not serving SUL band combination, the cell edge is shown as the 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. 
Observation 2: If SUL is deployed, SUL UE and non-SUL UE will see different cell edge for the same cell.
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Figure 1: SUL and regular uplink frequency

· Impact on cell selection 
In existing TS 38.300, the cell selection procedure is descripted as follows:
	· 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.


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]


Although procedure in RRC_IDLE and RRC_INACTIVE state is not fully discussed yet, most likely similar cell selection criterion can be used in NR. In addition, as we discussed in observation 2, SUL UE and non-SUL UE will see different cell edge depending on its capabilities. Hence, SUL impact on cell selection criterion S needs to be considered, e.g. some compensation may be introduced to accommodate multiple UE capabilities (i.e. SUL and non-SUL) for cell selection criterion. 
Observation 3: NR cell selection criterion S is impacted due to SUL.
Proposal 1: NR cell selection criterion needs to accommodate multiple UE capabilities (i.e. SUL UE and non-SUL UE)
One approach could be adding another Pcompensation value in the cell selection criterion, e.g. Pcompensation_SUL.  For example, as shown in Figure 2, Qrxlevmin is the minimum required Rx level in the cell for normal UE that does not support SUL. Pcompensation_SUL is the compensation value used for UE that supports SUL. Pcompensation_SUL can be transmitted in SIB1. For UE that supports SUL, Srxlev_SUL is calculated as follows:
Srxlev_SUL = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp   +Pcompensation_SUL
[image: ]
Figure 2: SUL compensation in cell selection criterion
Another approach could be transmitting multiple “Qrxlevmin” values corresponding to different UE capabilities. For example, as shown in Figure 3, two  “Qrxlevmin” are transmitted in SIB1. Qrxlevmin is the minimum required Rx level in the cell for normal UE that does not support SUL, Qrxlevmin_SUL is the minimum required Rx level in the cell for SUL UEs. Different UE will look into different values when performing cell selection procedure. The cell selection criterion is the same as LTE.
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Figure 2: Multiple “Qrxlevmin” values for SUL and non-SUL UE
Proposal 2: NR cell selection criterion S:
· Alternative 1:  Add another compensation value for SUL in cell selection criterion, e.g.
	The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0



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


· Alternative 2:  Use the same cell selection criterion as LTE, and network transmits two “Qrxlevmin” values for SUL and non-SUL UEs.
	The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0



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



· Impact on cell reselection
In existing TS 38.300, the cell reselection procedure is descripted as follows:
	A UE in RRC_IDLE performs cell reselection. The principles of the procedure are the following:
-	The UE makes measurements of attributes of the serving and neighbour cells to enable the reselection process:
-	For the search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be indicated.
-	Cell reselection identifies the cell that the UE should camp on. It is based on cell reselection criteria which involves measurements of the serving and neighbour cells:
-	Intra-frequency reselection is based on ranking of cells;
-	Inter-frequency reselection is based on absolute priorities where a UE tries to camp on the highest priority frequency available;
-	An NCL can be provided by the serving cell to handle specific cases for intra- and inter-frequency neighbouring cells;
-	Black lists can be provided to prevent the UE from reselecting to specific intra- and inter-frequency neighbouring cells;
-	Cell reselection can be speed dependent;
-	Service specific prioritisation.


In LTE, for intra-frequency and equal priority inter-frequency cell reselection, the cell-ranking criterion Rs for serving cell and Rn for neighbouring cell is defined by: 


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. SUL impact is already considered in cell selection criterion S (proposal 1 and 2), there is no additional SUL impact on cell reselection criterion R. Here are two examples:
[image: ][image: ]
Figure3a						Figure 3b
For UE capable of SUL, there is no any cell reselection issue for both use cases. For non-SUL UE, in use case of Figure3a, there is no cell reselection at all. Cell reselection is triggered when UE leaves source cell since S criteria is not met anymore. But UE can’t reselect to target cell until it moves close to point B where S criteria is met again. For use case in Figure 3b, normal cell reselection can happen. In order to enable cell reselection in time non-SUL UE need do intra-frequency measurement earlier than SUL UE. It is already feasible because of the compensation of Srxlev while condition to trigger intra-frequency measurement relies on Srxlev and Squal..
Observation 4: There is no SUL impact on intra-frequency and equal priority inter-frequency cell reselection criterion R.
For inter-frequency or inter-RAT carrier with different priorities, cell reselection to a cell on a higher priority frequency or inter-RAT frequency than the serving frequency shall be performed if:
· 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.
And cell reselection to a cell on a lower priority frequency or inter-RAT frequency than the serving frequency shall be performed if:
· 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.
By comparison of Srxlev with the thresholds (ThreshX, HighP, ThreshServing, LowP , ThreshX, LowP) , UE can determine whether to perform cell reselection. Since “Srxlev” is calculated by cell selection criterion S, there is no additional SUL impact on inter-frequency cell reselection with different priorities. Hence, LTE cell reselection criterion can be reused for NR. Here is one example:
[image: ]
Figure 4 inter-frequency or inter-RAT cell reselection
Assuming f1 is an inter-frequency/inter-RAT carrier and f2 is a carrier configured with SUL. Assuming f1 has higher priority, there is no difference between SUL UE and non-SUL in terms of measurement because UE shall measure f1 always regardless of UE capability. And there is also no difference in terms of cell reselection criteria if UE reselects from f2 to f1 because it solely depends on Squal or Srxlev of f1. However when UE reselects from f1 to f2, target cell need meet following criteria too:
Srxlev > ThreshX, LowP  during a time interval TreselectionRAT
Because Srxlev of SUL UE is compensated, they can share same ThreshX, LowP with non-SUL UE. The outcome of such scheme is that cell reselection will occurs in different place. In Figure 4 it will happen to non-SUL UE  around point A while to SUL UE point B respectively.
Assuming f1 has lower priority, when UE tries to reselect from f1 to f2, UE will always measure f2 regardless of UE’s capability. But reselection will only occur when following criteria is met:   Srxlev > ThreshX, HighP
When UE tries to reselect from f2 to f1, UE will not do the inter-frequency/RAT measurement until following criteria is met:
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
Again due to same reason, threshold i.e. ThreshX, HighP and SnonIntraSearchP_SUL  can be shared between non-SUL UE and  SUL UE.
Observation 5: There is no SUL impact on inter-frequency/RAT cell reselection with different priorities.
Proposal 3: NR cell reselection reuse LTE cell reselection criterion:
· For intra-frequency cells and equal priority inter-frequency cells, UE performs cell ranking based on power/quality (i.e. criterion R)
· For inter-frequency cells with different priorities, UE performs cell reselection according to frequency priority and the priority based thresholds.
3   Conclusions
In this contribution, we discuss the potential SUL impact on RRC_IDLE state cell selection and reselection. The observations and proposals are provided as follows:
Observation 1:  In NR system, the uplink coverage is limited compared to downlink coverage for both control and traffic channel.
Observation 2: If SUL is deployed, SUL UE and non-SUL UE will see different cell edge for the same cell.
Observation 3: NR cell selection criterion S is impacted due to SUL.
Observation 4: There is no SUL impact on intra-frequency and equal priority inter-frequency cell reselection criterion R.
Observation 5: There is no SUL impact on inter-frequency/RAT cell reselection with different priorities.
Proposal 1: NR cell selection criterion needs to accommodate multiple UE capabilities (i.e. SUL UE and non-SUL UE)
Proposal 2: NR cell selection criterion S:
· Alternative 1:  Add another compensation value for SUL in cell selection criterion, e.g.
	The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0



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


· Alternative 2:  Use the same cell selection criterion as LTE, and network transmits two “Qrxlevmin” values for SUL and non-SUL UEs.
	The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0



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


Proposal 3: NR cell reselection reuse LTE cell reselection criterion:
· For intra-frequency cells and equal priority inter-frequency cells, UE performs cell ranking based on power/quality (i.e. criterion R)
· For inter-frequency cells with different priorities, UE performs cell reselection according to frequency priority and the priority based thresholds.
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