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Background
The 3GPP Release 15 specification provides for the deployment of 5G services based on 5G NSA. The variants of option-3, 3a and 3x. Option-3 is where the traffic is split across 4G and 5G at eNodeB, Option-3a is where traffic is split across 4G and 5G at EPC (S-GW) and Option-3x is where traffic is split across 4G and 5G at 5G cell. 
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In all the above three cases, the signaling is anchored at the LTE eNB which can be prohibitive under heavy LTE load.

Discussion
The signaling load on the eNB when implementing 5G NR in NSA mode can be quite prohibitive specifically for operators that are facing heavy loads against their cell capacity.
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It is further understood that the Dual Connectivity can add to signaling load (up to an additional 10%) due to the initial space deployments of 5G NR cells and the associated secondary cell addition /deletion procedures.
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When implementing 5G NR in NSA mode, it has to be observed that the UL data can be quite heavy and bursty and the associated cost on the PUCCH can be heavy.
Two types of 5G NR device penetration is considered:
Fixed Devices:
	Proportional increase in signaling load i.e. a 20% load on a 5G NR cell is expected to increase LTE signaling load by ~ 25 (Major impact being on the LTE Uu and the S1-MME Signaling), 5% overhead due to bursty data
Mobility Devices:
	A 20% load on a 5G NR cell is expected to increase LTE signaling load by ~ 30 – 35%. LTE Uu, S1-MME impacted by Dual Connectivity signaling (Assuming modest switching)

Some operators are planning to implement IOT devices over CAT 1 devices in existing LTE cells, these deployments will add to the signaling load specifically the PUCCH.

Though some of the above signaling load figures can be debated, it cannot be disputed that a 5G NR Cell can never be fully loaded DUE to signaling limitations in a LTE cell.

Stand Alone Deployment Option
To consider an early deployment of the Stand Alone (SA) option, the NG Core is still to mature. The cost considerations are also heavy due to many new core elements. The dependency on the MANO specification derived from the IETF and ETSI specifications along with multiple other gaps as listed below could mean that operators would consider a SA option (involving a fully functional 5GC) not in the near future.
1. A single Service Orchestration Manager (SOM) product to support multi-domain service orchestration; Centralized policy management and enforcement
2. Dynamic inventory management, to provide real-time visibility into the network and IT
3. Cross-domain Orchestration. Typically, orchestrators focus on their own contained domain—such as content delivery networks (CDNs), mobile backhaul, IP VPNs, and so on. For NFV/SDN to reach its full potential, orchestration will need to break down these silos and happen across these domains. Lack of an “orchestrator of orchestrators” that has an end-to-end view of the network.

Way Forward
The BEST way forward could be “Option 6” which would use a fully functional 5G NR “Radio” catering to both data and signaling independently BUT connected to the EPC core. This could give the best cost advantages and “Early 5G Readiness”. The LTE EPC could be “Virialized” and moved to a 5G core in time when the 5GC matures.
[bookmark: OLE_LINK7]Proposal 1: Option 6 be prioritized in Release 17

Conclusion
Discussions around Option 6 must be expedited and this option has to be available to operators. The details on the specifics of Option 6 can be discussed in detail during the WI.
The existing NSA options can be prohibitive due to the LTE signaling loads, specifically when there exists a clear roadmap for LTE that includes IOT deployments (CAT 1 or CAT – M1) which can add to the signaling capacity. The nature of the 5G UL throughput and possible applications can also lead to significant signaling load projections for an LTE cell. 5G NR Stand Alone Option also seems to be far away due to some of the critical concerns mentioned in the discussions. 
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Signaling load analysis of the current LTE architecture.
The initial attach and the S1 handover represent the most demanding procedures,
while LTE-Uu, S1-MME, and S11 corresponds to the mostly used interfaces.
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KPIS VALUES EXPECTED FOR 5G NETWORKS.

KPI Use case Target
eMBB 10Gbps for UL

Peak data rate* <MBB 20Gbps for DL
eMBB 4ms for UL and DL

User plane latency URLLC 0.5ms for UL and DL,
URLLC 1'ms for UL and D

RRC signalingLoad

dueto bursty data

N _— eMBB (dense urban) 50 Mbps for UL
User experienced data rate*  \ipp (dense urban) 100 Mbps for DL
High speed vehicular 120 kmv/h to 500 km/h
Mobility® Vehicular 10km/h to 120 km/h
obrty Pedestrian Okmvh to 10km/h
Stationary 0km/h
Mobility interruption time ~ eMBB and URLLC Oms





