Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #101Bis	 R2-1806158
Sanya, P. R. of China, 16th – 20th April 2018                                 (Update of R2-1803334)

Agenda Item:	10.4.2.4
Source:	Ericsson
Title:	Content of CGI reporting
Document for:	Discussion, Decision
Introduction
Since the first release of LTE, Automatic Neighbour Relation (ANR) functionality has been introduced to automatically generate the relations between eNodeBs, where such relations can be used to support mobility and load balancing. In our understanding, ANR will continue to be an important feature in NR. Moreover, the challenging NR requirements will result in an even higher emphasis on the need for seamless mobility than in legacy RATs, which further increases the importance of automatic relation establishment in NR. Therefore, we have discussed the ANR framework in NR in general in our companion contribution [1]. In this paper, further details of neighbour relation establishment in different deployment scenarios will be discussed.
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Deployment scenarios
There are different ways to deploy 5G network with or without interworking with LTE and evolved packet code (EPC), as 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 (5GCN) 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 and NR as the secondary node. 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.
With introduction of 5GCN, other options may be also valid. As mentioned above, option 2 supports stand-alone NR deployment where gNB is connected to 5GCN. Similarly, LTE can also be connected to 5GCN using option 5. In these cases, both NR and LTE are seen as part of the NG-RAN. It is worth noting that, Option 4 and option 7 are other variants of dual connectivity between LTE and NR which will be standardized as part of NG-RAN connected to 5GC, denoted by MR-DC (Multi-Radio Dual Connectivity). Option 6 and 8, where gNB is connected to EPC (with and without interconnectivity to LTE) are also possible, although they seem to be less practical and hence they will not be pursued further in 3GPP.
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[bookmark: _Ref503265979]Figure 1 LTE and NR interworking options
As migration for these options may differ from different operators, it is possible to have deployments with multiple options in parallel in the same network e.g. there could be eNB base station supporting option 3, 5 and 7 in the same network as NR base station supporting 2 and 4. 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). 
Observation 1 In real deployment, it is possible to support multiple options in parallel in the same network e.g. there could be eNB base station supporting option 3, 5 and 7 in the same network as NR base station supporting 2 and 4.
As different NR cells can have quite different functionalities, and the UE may not support all the options, the current ANR procedures have some deficiencies which could lead to error cases. For instance, one problem is for scenarios when 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 NSA that cannot be performed. Another problem is when a UE connected to an LTE-EPC eNB sends a measurement report with an NR cell-A and the serving eNB wants to perform EN-DC. If that NR cell is SA cell that might not be supported and could also lead to errors. Yet another problem is when a UE connected to an NR gNB sends a measurement report with an NR cell-A and the serving gNB wants to perform a handover. If that NR cell is NSA cell that might not be supported and could also lead to errors.
Observation 2 As different NR cells can have quite different functionalities, and the UE support can also be quite diverse, the current ANR procedures have some deficiencies which could lead to quite many error cases.

One way to solve that would be to include the type of NR cell when building the ANR tables. One could argue to first build the ANR tables and later update that information manually. That could be done e.g. by an operator allocating NR SA cells to a fixed group of frequencies and NSA cells to a different fixed group of frequencies, or even manually indicate to each node via OMA which NR cells for which frequencies are SA and NSA. Although that may work, operators would lose the flexibility to perform a more dynamic load balancing. That would lead to higher operational cost and would require more careful planning and optimizations, which is a source of errors. Also, the information would most likely have to be provided in advance even before knowing which neighbour cells a given node will define.

A more efficient alternative could be to rely on current CGI reporting functionality where the UE is provided by the network with an NR (or correspondingly LTE) cell identifier e.g. physical cell identifier (PCI), based on that it acquires system information associated with that cell identifier (by any system information acquisition method e.g. broadcasted or on demand) and derives the necessary information to build appropriate neighbour relations. In this particular case, the UE would also include two information fields to indicate (i) whether that cell is an SA or NSA, and (ii) whether the cell is connected to EPC or 5GC.
RAN2 can further discuss what would be the most appropriate way to derive this information. For example, that could be provided via broadcasting, in SIB or via some other implicit manner.
[bookmark: _Hlk503258946][bookmark: _Hlk503258975]Support CGI reporting functionality in NR (38.331) where the UE is provided with a cell identifier (that can be either LTE or NR cell) for which it acquires system information and derives whether that cell is an SA or NSA and also whether it is connected to EPC or 5GC. Once that is done, the UE includes that in a measurement report and sends it to the serving node.
As discussed, the functionality enables a gNB to find out what can be done with a reported NR or LTE cell. However, as described in Figure 1, that can be equally beneficial to an eNB. Hence, we suggest RAN2 to discuss whether the functionality should be supported in both LTE and NR.
Enhance the existing CGI reporting functionality in LTE (36.331) where the UE is provided with a cell identifier (that can be either LTE or NR cell) for which it acquires system information and derives whether that cell is an SA or NSA and also whether it is connected to EPC or 5GC. Once that is done, the UE includes that in a measurement report and sends it to the serving node.
Conclusion
In the previous section, the following has been observed:
Observation 1 In real deployment, it is possible to support multiple options in parallel in the same network e.g. there could be eNB base station supporting option 3, 5 and 7 in the same network as NR base station supporting 2 and 4.
Observation 2 As different NR cells can have quite different functionalities, and the UE support can also be quite diverse, the current ANR procedures have some deficiencies which could lead to quite many error cases.

Based on these observations, we have proposed the following:
1. Support CGI reporting functionality in NR (38.331) where the UE is provided with a cell identifier (that can be either LTE or NR cell) for which it acquires system information and derives whether that cell is an SA or NSA and also whether it is connected to EPC or 5GC. Once that is done, the UE includes that in a measurement report and sends it to the serving node.
1. Enhance the existing CGI reporting functionality in LTE (36.331) where the UE is provided with a cell identifier (that can be either LTE or NR cell) for which it acquires system information and derives whether that cell is an SA or NSA and also whether it is connected to EPC or 5GC. Once that is done, the UE includes that in a measurement report and sends it to the serving node.
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