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Introduction

In RAN2#102 in Busan, CGI reporting was discussed and the following baseline was agreed:
Agreements for ANR (reportCGI functionality in RRC)
1: For ANR, including Intra and Inter RAT cases, the following ANR configuration are supported:
-	Inter-RAT ANR towards NR configured by eNB
-	Intra-RAT ANR towards NR configured by gNB
-	Inter-RAT ANR towards LTE configured by gNB
2	 In case of EN-DC UE, ANR function towards NR cell can be configured by SN. 
2i	The UE can only be configured with a single reportCGI configuration, from either MN or SN.
2ii	Configuration of ANR towards NR cell requires coordination between MN and SN
3: For ANR reporting, the CGI content includes:
-	a: PLMN list, TAC, frequency band list and CGI as baseline
-	b: RANAC is also reported, if included in SIB1
4:	In the case SIB1/RMSI is not broadcast, UE should report a notification to network. UE report includes:
-	a: “no SIB1 provided” indication
FFS whether UE should also report where CD-SSB of the measured SSB can be found
5:	In the case SIB1/RMSI is not broadcast, UE should report UE should report “no SIB1 provided indication” without waiting for T321 timer expiry and stop timer
6	In case of EN-DC, if reportCGI for NR cell is configured by eNB, then UE behavior follows inter-RAT ANR T321 value; if reportCGI for NR cell is configured by gNB, then UE behavior follows intra-RAT ANR T321 value. RAN2 sends an Ls to RAN4 to confirm RAN2 understanding
7	RAN2 to send an Ls to RAN4 on guidance for T321 values in the following ANR measurement cases:
-	UE served by LTE cell towards NR cell 
-	UE served by NR cell towards NR cell
-	UE served by NR cell towards LTE cell
8	For UE capability for ANR towards NR cell:
-	a: DRX based reading of ANR towards NR cell related measurement should be supported
9	RAN2 to send an Ls to RAN4 to ask whether it is feasible to use autonomous gap 
10	For ANR CGI reporting, only one NR neighbor cell configuration is support at a time
11: 
a.	Introduce a UE capability bit in NR for Intra-RAT ANR (including inter and Intra frequency) 
b.	Introduce a UE capability bit in NR for Inter-RAT ANR towards LTE cell. 
c.	Introduce a UE capability bit in LTE for Inter-RAT ANR towards NR cell.
FFS Whether 2 separate capability bits are needed for LTE with and without EN-DC configured.
12: For ANR support, RAN2 sees no need to differentiate between FR1 and FR2. RAN2 to send an Ls to RAN4 to ask for opinion
FFS where cellsForWhichToReportCGI is added (measID or reportConfig)

In this contribution, we discuss the CGI reporting of NR cells configured by an eNB and the need for the serving node configuring CGI reporting to identify whether the NR cell support SA and/or NSA functionality. A companion contribution [1] addresses a similar issue in the inter-RAT case, i.e., when NR configures the UE to report CGI associated to NR cells.
[bookmark: _Ref178064866]Discussion
0. Deployment scenarios
There are different ways to deploy 5G network with or without interworking with LTE and evolved packet code (EPC). So far in 3GPP, the main focus has been on three options depicted in Figure 1. In principle, NR and LTE can be deployed without any interworking, denoted by NR stand-alone (SA) operation, that is gNB in NR can be connected to 5G core network (5GC) and eNB can be connected to EPC with no interconnection between the two (Option 1 and Option 2 in the figure). On the other hand, the first supported version of NR is the so-called EN-DC (EUTRAN-NR Dual Connectivity), illustrated by Option 3. In such a deployment, dual connectivity between NR and LTE is applied with LTE as the master node (MN) and NR as the secondary node (SN). The RAN node (gNB) supporting NR, may not have a control plane connection to core network (EPC), instead it relies on the LTE as master node (MeNB). This is also called as “Non-standalone NR". Notice that in this case the functionality of an NR cell is limited and would be used for connected mode UEs as a booster and/or diversity leg, but a UE cannot camp on these NR cells or even be handed over to it.
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[bookmark: _Ref503265979]Figure 1 LTE and NR interworking options
As the deployment or migration for these options may differ from different operators, it is possible to have deployments with multiple options in parallel in the same network. In combination with dual connectivity solutions between LTE and NR it is also possible to support CA (Carrier Aggregation) in each cell group (i.e. MCG and SCG) and dual connectivity between nodes on same RAT (e.g. NR-NR DC). For the NR cells, a consequence of these different deployments is the co-existence of NR cells supporting SA only, NSA only or both SA/NSA.
1. There will be 5G deployments with gNBs having NR cells supporting: i) NSA only, ii) SA only and iii) both SA and NSA.
As different NR cells (SA, NSA or both SA/NSA) are associated to gNBs supporting Xn and/or X2 setup, requesting to setup an inter-node interface to a gNB that does not support the setup of that interface may lead to problems. Also, as NSA/SA cells support different functionalities, and the UE may not support all the options, a serving node (gNB or eNB) must know whether a given UE can be handed over to an NR cell, or if it support release and redirect (for cells supporting SA), or whether that NR cell only supports the boosting functionality, otherwise that  could lead to error cases.
0. Issues when UE is connected to LTE
Let us assume the scenario where a UE that is connected to an LTE-EPC eNB sends a measurement report with an NR cell-A and the serving eNB wants to perform an inter-RAT handover and/or release and redirect to that NR cell. In such a case, if the NR cell is an NSA only cell that cannot be performed. The other way around can also be problematic. If the serving eNB wants to setup EN-DC for a given UE, and after measurement report the serving eNB does not know if a given NR cell supports NSA, errors may occur. 
Before these mobility/DC decisions are made towards a given NR cell, the serving eNB should trigger the setup of Xn and/or X2 interface(s) (except if the network wants to trigger release and redirect), depending whether this is an eNB connected to EPC, 5GC or both. CGI reporting configured by EUTRAN is used to enable the report of the NR cell CGI so that the serving eNB can trigger X2 and/or Xn setup.
If the serving eNB only supports X2 setup e.g. is connected to EPC and supporting EN-DC, upon getting the CGI reporting for an NR cell, the gNB is not certain whether X2 setup is supported by the gNB associated to the reported cell. That may lead to error cases on the network side e.g. if the reported cell is a SA only cell associated to a gNB not supporting X2 setup. Or, if the serving eNB is connected to 5GC only and not supporting EN-DC, only Xn setup is supported. Consequently, upon getting the CGI reporting for an NR Cell, that gNB is not certain that Xn setup is supported by the gNB associated to the reported cell, which may also lead to error cases on the network side e.g. if the reported cell is an NSA SA only cell associated to a gNB not supporting Xn setup.
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1. A serving eNB/EPC must know whether an NR cell supports SA only functionality.
1. A serving eNB/5GC must know whether an NR cell supports NSA only functionality.

There could be different approaches to address this issue in the serving gNB when trying to setup X2 or Xn interface. 
A first approach (network-based) is that upon receiving the CGI of the request NR cell, a serving eNB connected to EPC may request a central network node whether the gNB associated to the provided CGI supports X2 connectivity or simply try to perform an X2 setup attempt that would fail. Similarly, a serving eNB connected to 5GC (in this case a ng-eNB) may request a central network node whether the gNB associated to the provided CGI supports Xn connectivity or simply perform an Xn setup attempt that would fail. Both solutions in this approach would require additional inter-node procedures to be specified and may not be efficient as it first needs to fail, to then react. 
A second approach would be to rely on the existing CGI reporting function where the UE includes an indication that the cell NSA. More precisely in RAN2#102, the following content of CGI reporting has been agreed for NR cells:
…
3: For ANR reporting, the CGI content includes:
-	a: PLMN list, TAC, frequency band list and CGI as baseline
-	b: RANAC is also reported, if included in SIB1
4:	In the case SIB1/RMSI is not broadcast, UE should report a notification to network. UE report includes:
-	a: “no SIB1 provided” indication
…

In that approach, if the “no SIB1 provided” indication is included in the CGI report, the serving eNB knows that the cell is NSA and hence an eNB connected to 5GC is certain that it should not trigger an Xn setup. However, there may be NSA cells that broadcast SIB1 and, in that case the uncertainty still exists when the indication is not provided. In early NR meetings, it has been discussed how a UE in RRC_IDLE or RRC_INACTIVE knows that it should not camp on an NSA Cell. At that time, it was argued that the MIB could simply indicate the cell as barred so that in deployments with SA and NSA cells, there can be a SA cell that is barred due to overload when the UE is obtaining the CGI. Hence, a robust solution is to include in CGI report to an eNB an indication if the reported NR cell is NSA, SA or both.
UE includes in the CGI report an indication that an NR cell is SA, NSA or both SA/NSA.
In addition to making the setup of Xn and/or X2 more efficient, the information that a given NR cell is SA and/or NSA is also relevant when the serving eNB make mobility decisions towards an NR cell such as an inter-RAT handover, release and redirect, SCG addition in EN-DC setup, etc. Otherwise, error cases can also occur, for example, when a gNB tries to perform an inter-RAT handover or release and redirect to an NR cell that does not support SA functionality, which could lead to abnormal UE behaviour. Hence, it makes sense to assume that this information is part of ANR tables.
ANR table defined in eNBs indicates if an NR neighbour cell is SA, NSA or both SA/NSA.
[bookmark: _GoBack]To avoid these errors during X2/X2 setup operators could manually indicate to each eNB via OAM which configured NR frequencies / measurement objects are associated to gNBs that support X2 and/or X2 setup. That would require allocating NR SA cells to a fixed group of frequencies and NSA cells to a different fixed group of frequencies and, only during  X2/X2 setup, the gNBs could provide the information of which NR cells support SA, NSA or both SA/NSA functionality. That manual approach would lead to higher operational cost and would require more careful planning. And, in addition, it would reduce the flexibility in terms of deployments for network operators.
Conclusion
In the previous section, the following has been observed:

Observation 1 There will be 5G deployments with gNBs having NR cells supporting: i) NSA only, ii) SA only and iii) both SA and NSA.
Observation 2 A serving eNB/EPC must know whether an NR cell supports SA only functionality.
Observation 3 A serving eNB/5GC must know whether an NR cell supports NSA only functionality.

Based on these observations, we have proposed the following:
1. UE includes in the CGI report an indication that an NR cell is SA, NSA or both SA/NSA.
1. ANR table defined in eNBs indicates if an NR neighbour cell is SA, NSA or both SA/NSA.
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