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Introduction
Coexistence of SA and NSA deployment is inevitable in the initial 5G commercial service. SA could utilize full benefits of NR features, e.g. faster HO comparing to DC (Dual Connectivity), lean carrier operation, enabling MEC (Multi-access Edge Computing), etc. However, the expensive CAPEX for SA deployment is burden for deployment. The coverage of NR cell is shorter than LTE due to operation band characteristics (Higher frequency carrier is used for NR cell) thus much more SA gNBs are required. SA gNB should be managed by 5GC comparing to NSA gNB by EPC, which demands additional investment for new core equipment.
At the corresponding coexisting deployment scenario, a SA UE (stands for “UE with both SA and NSA capabilities”) served in SA gNB (stands for “gNB having both SA and EN-DC capabilities”) could be handed over to SA gNB or NSA gNB (stands for “gNB having only EN-DC capability”). When a target gNB is a SA gNB, Xn based HO or NG based HO might be natural. When a target gNB is a NSA gNB, inter-RAT HO through N26 between MME and AMF would be triggered.
During HO, a source gNB would determine a proper HO approach with target cell information, which is stored in NCRT (Neighbour Cell Relation Table) of the source gNB and updated by ANR function. However, attributes of NCRT defined in Rel-15 specification cannot distinguish SA and NSA capability for neighbour cells, which would result in the source gNB to have wrong decision about HO approach. Hence, this discussion paper will suggest the new attributes of NCRT to enable distinguishing SA gNB and NSA gNB.
Discussion
Issues on Legacy NCRT of ANR function


Figure 1: ANR function
ANR function is essential for practical cell management since neighbour cells are too many to be manually managed in actual deployment. ANR function autonomously updates NCRT (Neighbour cell relation table), where three attributes such as “No Remove”, “No HO”, “No Xn” are dealt with for each neighbour cell.
· “No Remove”: If checked, the gNB shall not remove the Neighbour Cell Relation from the NRT.
· “No HO”: If checked, the Neighbour Cell Relation shall not be used by the gNB for handover reasons.
· “No Xn”: If checked, the Neighbour Relation shall not use an Xn interface in order to initiate procedures towards the gNB parenting the target cell.
In SA and NSA coexisting deployment, three HO scenarios from a source SA gNB to a target gNB would be possible as depending on the capability of the target gNB and Xn interface existence; 1) a source SA gNB to a target SA gNB via Xn interface, 2) a source SA gNB to a target SA gNB via NG interface (through AMF), i.e. NG based HO, 3) a source SA gNB to a target NSA gNB via NG interface (through N26), i.e. Inter-RAT HO. By Rel-15 specification, we could set NCRT as described in Table 1.
[bookmark: _Ref37074972]Table 1: NCRT according to HO scenarios
	HO scenario
	No Remove
	No HO
	No Xn

	1) SA gNB to SA gNB via Xn
	N/A
	X
	X

	2) SA gNB to SA gNB via NG (Through AMF)
	N/A
	X
	O

	3) SA gNB to EN-DC gNB via NG (Through N26)
	N/A
	X
	O



Current NCRT does not have any attributes to distinguish NSA gNB from SA gNB. As a UE takes a handover from a SA gNB to NSA gNB, the source SA gNB could initiate a handover procedure to a SA gNB via NG (HO procedure 2). During the procedure, the source gNB would send HO request addressed at target NSA gNB and AMF will reject the HO request since AMF has no NG interface to the target NSA gNB.
To prevent HO failure, we could use an inefficient HO policy in case a UE to move from a SA gNB to a target gNB without Xn interface, in which policy a UE should move to eNB firstly and then would precede HO to a target eNB associated with the target gNB by additional RRC signalings such as measurement reports and RRC reconfiguration for SCG addition. Even though the target gNB is capable of SA, the policy would be the same based on NCRT and, hence, the service interruption will be prolonged due to wasteful procedures comparing to NG based HO (HO procedure 2).
Observation: In the deployment scene where SA gNBs coexist with NSA gNBs, when a UE moves from a source SA gNB to a target NSA gNB, it would suffer from HO failure due to wrong target addressing or delayed HO due to inefficient HO policy.

Desired additional attributes of NCRT
To solve the problem revealed in the previous clause, new NCRT attributes are proposed.
· “Only EN-DC”: If checked, the Neighbour Cell Relation shall not be used by the gNB for intra-RAT HO (i.e. SA gNB to SA gNB HO).
· “The list of eNBs associated with a NSA gNB”
With the suggested attributes, we can reconstruct NCRT as illustrated in Table 2. If “Only EN-DC” for a target gNB is unchecked, the target gNB is known to be able to work in standalone mode and a source gNB would send HO request to the target gNB via NG interface or Xn interface. Unless, the target gNB is recognized as NSA gNB and a source gNB would send HO request to target eNB associated with the target gNB.
[bookmark: _Ref37081855]Table 2: Exemplary NCRT with newly proposed attributes
	HO scenario
	No Remove
	No HO
	No Xn
	Only
EN-DC
	List of eNBs assoc. as EN-DC

	1) SA gNB to SA gNB via Xn
	N/A
	X
	X
	X
	-

	2) SA gNB to SA gNB via NG
	N/A
	X
	O
	X
	-

	3) SA gNB to EN-DC gNB via NG
	N/A
	X
	O
	O
	List of eNB IDs



Proposal1:  In order to prevent the issues mentioned by observation, we propose additional attributes of NCRT which are “Only EN-DC” and “List of eNBs associated as EN-DC”. 
This updated feature is essential in current commercialization phase of 5G. Hence, we propose this improvement should be endorsed in Rel-15 and Rel-16 commercialization period.
Proposal2: Additional attributes of NCRT should be considered in Rel-15 and Rel-16 commercialization period since it is closely related with 5G service performance with condition that NSA gNBs and SA gNBs coexist.

Conclusion
In the previous sections, we have seen the following observation: 
Observation: In the deployment scene where SA gNBs coexist with NSA gNBs, when a UE moves from a source SA gNB to a target NSA gNB, it would suffer from HO failure due to wrong target addressing or delayed HO due to inefficient HO policy.
To solve the problem during our 5G commercialization, we suggest the following proposals:
Proposal 1:  In order to prevent the issues mentioned by observation, we propose additional attributes of NCRT which are “Only EN-DC” and “List of eNBs associated as EN-DC”. 
· “Only EN-DC”: If checked, the Neighbour Cell Relation shall not be used by the gNB for intra-RAT HO (i.e. SA gNB to SA gNB HO).
· “The list of eNBs associated with a NSA gNB”
Proposal 2: Additional attributes of NCRT should be considered in Rel-15 and Rel-16 commercialization period since it is closely related with 5G service performance with condition that NSA gNBs and SA gNBs coexist.
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