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Introduction
In this contribution, we would like to address the leftover open issues related to connected mode for NPN that has not been addressed yet.
Discussion
0. Introduce PCI range in connected state
In LTE, “csg-PhysCellIdRange” is introduced in SIB4 due to that PCIs may be reserved for CSG on a frequency. It is used to indicate the set of physical cell identities reserved for CSG cells on the intra-frequency.



In 5G NR, similar to PCI reservation for CSG in LTE, that whether PCIs is reserved for NPN cells will depend on network deployment. Therefore we need to provide a mechanism to signal the reserved PCI range for NPN on the frequency layer to UE considering the possible deployment. 
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]The mechanism for signaling PCI range in idle/inactive state has been discussed a lot previously. It has been proposed to add PCI range information in system information by some companies. And there were some agreements in RAN2#107bis meeting as the following,
	Agreements
3.	reserving a PCI range for CAG cells is purely a deployment issue (does not need to be reflected in the spec)
4.	the PCI list of CAG cells can optionally be signalled to UEs. FFS on details of the list
9.	reserving a PCI range for SNPN cells is purely a deployment issue (does not need to be reflected in the spec)
10.	FFS whether PCI range of SNPN cells can optionally be signalled to UEs.


We noticed that the introduction of PCI range should also be applied to measurement in RRC_CONNECTED state. The justification for applying the PCI range in RRC_CONNECTED state is similar as that in idle/inactive mode.
Hereby we would like to discuss further about the necessity of signaling PCI range information in RRC_CONNECTED state.
NG-RAN node configures neighbour cell measurement to UE in RRC_CONNECTED state and the measurement report may trigger UE handover to target cell. As a PCI range may be reserved for NPN on the configured frequency carrier, It make sense for the PLMN only UE to be aware of the PCI range reserved for NPN cells, then PLMN only UE can ignore these cells during neighbour cell measurement in RRC_CONNECTED state. With this mechanism, additional measurement delay and power consumption can be avoided by this.
Proposal 1:  RAN2 to discuss the necessity of signaling PCI range information for both intra-frequency and inter-frequency measurement configuration to UE in RRC_CONNECTED state.

0. No proximity indication for UE in CONNECTED mode for CAG
It has been agreed in RAN2#107bis that No proximity indication in CONNECTED mode is needed for SNPN.
11 No proximity indication in CONNECTED mode is needed for SNPN.
But whether to introduce the proximity indication mechanism in CONNECTED mode for CAG  has not been addressed.
In LTE CONNECTED mode, the UE indicates whether it is entering or leaving the proximity of one or more CSG member cells with the “proximity indication” mechanism. 
According to [3], proximity indication was introduced for the scenario of inbound mobility for handover to HNB/HeNBs.
	1.	Proximity Estimation: in case the UE is able to determine, using autonomous search procedures, that it is near a CSG member cell, the UE may provide to the source eNB an indication of proximity. The proximity indication may be used as follows:
-	If a measurement configuration is not present for the concerned frequency/RAT, the source eNB may configure the UE to perform measurements and reporting for the concerned frequency/RAT.
-	The source eNB may determine whether to perform other actions related to handover to HNB/HeNBs based on having received a proximity indication (for example, the source eNB may not configure the UE to acquire system information of the HNB/HeNB unless it has received a proximity indication).




For the CSG cell in LTE, it is possible that the coordination between HNB/HeNBs and eNodeB may be absent due to the characteristic of the HNB/HeNBs. Therefore eNodeB in PLMN cannot timely configure the measurement of the neighbour cell of the HNB/HeNBs due to no knowledge of the presence of near HNB/HeNBs. So it is useful to indicate the Proximity of a CSG cell by the UE with the proximity indication mechanism.eNodeB can configure the UE to perform measurements on concerned HNB/HeNBs based on the proximity indication information.

But the deployment of the PNI-NPN(CAG) in NR is different from CSG in LTE. According to the definition in [2], PNI-NPNs are NPNs made available via PLMNs, it means any cell supporting CAG are also part of PLMN at the meantime. As PLMN network has full knowledge on cell deployment, one evidence is that there is  no proximity indication mechanism defined for PLMN network. Based on above analysis, we can conclude that PNI-NPN in NR also has full knowledge on the deployment of CAG cells, therefore it can properly and timely configure the UE with measurements on CAG frequency layers without proximity indication mechanism. 

Proposal 2: no proximity indication mechanism is needed for UE in CONNECTED mode for CAG.

0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10]Mobility of UE in Manual CAG Selection mode in connected mode
Issues for UE in Manual CAG Selection mode in idle mode has been discussed in [1].
According to the agreement in RAN2#108, it has been clarified that it is not required for UE to support manual CAG selection in connected mode. But it is possible that the UE still keeps in manual CAG selection mode after enter RRC_CONNECTED state, and the UE still has a selected CAG ID which was selected by the user in RRC_IDLE or RRC_INACTIVE state before entering RRC_CONNECTED state. The way on how to treat the selected CAG ID in connected mode has not been addressed in RAN2 discussion. The way on how to handle it will have impact on measurement and handover for UE in connected mode.
There are two possible ways to treat the selected CAG ID for UE in manual CAG selection mode. One way is to ignore the selected CAG ID and only consider the allowed CAG list in connected mode. Another way is to take manual PLMN selection as a reference, selected CAG ID for UE in manual CAG mode should be stuck to.NG-RAN will make sure to configure UE to measure cells supporting selected CAG ID and handover UE to cell supporting selected CAG ID.
It is important to clarify this issue by SA2 as conclusion on this may impact the handover procedure for UE in RRC_CONNECTED state. And it may also impact the following conclusion in agreement of RAN2#108,
Agreements:
1. From RAN2 point of view there is no requirement for CAG ID to be included in RRC signalling at RRC connection establishment.
If it is clarified that UE in manual CAG selection mode state shall stay on cell supporting the selected CAG ID in RRC_CONNECTED state, NG-RAN should be aware of the selected CAG ID of the UE in manual CAG selection mode, then there will be a requirement for the selected CAG ID to be included in RRC signaling to from UE to NG-RAN node. Then we may need to revisit the upper conclusion again. Subsequently the NG-RAN node should make sure to configure UE in manual CAG selection mode to measure the cells supporting the selected CAG ID and control UE to handover to the cell supporting the selected CAG ID in RRC_CONNECTED state.The messages on Xn interface during handover may also be impacted depending on the clarification by SA2.
[bookmark: OLE_LINK83]Proposal 3: Request SA2 to clarify Whether UE in manual CAG selection mode shall only stay on cell supporting the selected CAG ID in RRC_CONNECTED state.
Proposal 4: Based on the clarification from SA2, possible options are as following,
Option 1: If answer from SA2 is YES, NG-RAN shall make sure UE in manual CAG selection mode always stay on cell supporting the selected CAG ID. Then a new mechanism should be introduced to signal the selected CAG ID of UE in manual CAG selection mode to NG-RAN.
Option 2: If answer from SA2 is NO, NG-RAN shall make sure UE handover to a cell supporting any CAG ID belonging to the allowed CAG list.
0. [bookmark: OLE_LINK88][bookmark: OLE_LINK89]Necessity of CAG ID in  RRCResumeComplete message
For UE in automatic CAG selection mode, it is assumed that UE can stay to any CAG Member Cell belong to UE allowed CAG list. Therefor we do not see the need for the UE to provide the selected CAG ID in RRCResumeComplete message.
For UE in manual CAG selection mode, It is to be clarified that whether UE should only stay Cell supporting the selected CAG ID as discussed in 2.3. If the answer is yes based on the clarification, it may be need for the UE in manual CAG selection mode to provide the selected CAG ID in RRCResumeComplete message.
Proposal 5: There is no need to include CAG ID in RRCResumeComplete message for UE in automatic CAG selection mode.
Proposal 6: whether to include the selected CAG ID in RRCResumeComplete message for UE in manual CAG selection mode depends on SA2 clarification requested in 2.3. It may be necessary for the UE in manual CAG selection mode to provide the selected CAG ID in RRCResumeComplete message if it is clarified by SA2 that UE can only stay on Cell supporting the selected CAG ID.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1:  RAN2 to discuss the necessity of signaling PCI range information for both intra-frequency and inter-frequency measurement configuration to UE in RRC_CONNECTED state.
Proposal 2: no proximity indication mechanism is needed for UE in CONNECTED mode for CAG.
Proposal 3: Request SA2 to clarify Whether UE in manual CAG selection mode shall only stay on cell supporting the selected CAG ID in RRC_CONNECTED state.
Proposal 4: Based on the clarification from SA2, possible options are as following,
Option 1: If answer from SA2 is YES, NG-RAN shall make sure UE in manual CAG selection mode always stay on cell supporting the selected CAG ID. Then a new mechanism should be introduced to signal the selected CAG ID of UE in manual CAG selection mode to NG-RAN.
Option 2: If answer from SA2 is NO, NG-RAN shall make sure UE handover to a cell supporting any CAG ID belonging to the allowed CAG list.
Proposal 5: There is no need to include CAG ID in RRCResumeComplete message for UE in automatic CAG selection mode.
Proposal 6: whether to include the selected CAG ID in RRCResumeComplete message for UE in manual CAG selection mode depends on SA2 clarification requested in 2.3. It may be necessary for the UE in manual CAG selection mode to provide the selected CAG ID in RRCResumeComplete message if it is clarified by SA2 that UE can only stay on Cell supporting the selected CAG ID.
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