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1 Introduction
One important aspect to consider when adopting a standalone NCT or not is to understand the deployment scenarios of the NCT. One of the concluded motivations to introduce the NCT during RAN1 #66bis was improved support for heterogeneous networks. Within Rel-12 there are many ongoing SIs and WIs which are closely related to the small cell area wherein heterogeneous networks are important. To understand the limitations of operating the NCT in only aggregated mode, we need to understand better the scenarios where an NCT can be operated in a heterogeneous network or small cell deployment. In this section, we will analyze scenarios from the perspective that the UE can support either standalone operation or CA operation of the NCT. Analyses considering macro-assisted type of operations are further described in [1]. Further, for the NCT, it is not clear which CSO values are suitable operating points when deployed in a heterogeneous network. This aspect is discussed further in [1]. In addition to this it was also concluded during RAN1 #66bis that energy efficiency was a motivating factor for the NCT. We see this factor to be very applicable for macro deployments, where the NCT gives the possibility for large energy savings. Hence in addition to heterogeneous networks, we also analyze macro deployments. 

2 Discussion

We observe that there are mainly four types of deployment scenarios to be considered as highlighted in Table 1. For each scenario, we analyze the consequences of CA- SCell only NCT or standalone NCT support for each of these deployments. It should also be noted that if standalone NCT is supported it is still possible to operate a standalone NCT with carrier aggregation with NCT as being either PCell or SCell.

Observation

· If standalone NCT is supported, the NCT can also be used in combination with another carrier in carrier aggregation mode.
Table 1: Deployment types
	Deployment
	Macro
	LPN

	A
	F1: NCT
	F1: NCT

	B
	F1: LCT  F2: NCT
	F1: LCT  F2: NCT

	C
	F1: LCT
	F2: NCT

	D
	F1: NCT
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Figure 5: Heterogeneous network deployment

2.1 Introduction of deployment cases

Before discussing the explicit deployments in more detail we first study the frequency utilization in the different deployments. The highest performance would be achieved from a deployment where macro and LPN share the same frequency. The reason is that the frequency resources that the macro uses can be reused in the LPNs. Both deployment A and deployment B are defined utilizing this factor. Deployments C and D on the other hand do not utilize this factor but they can be still of interest in situations where the traffic demand is not high enough to require a dense network. A second reason is that the LPNs can be deployed so that they do not affect an already deployed macro network. 

2.1.1 Deployment A
In deployment type A, the NCT is deployed on the same frequency on both the macro and small cell layer. As there is only one frequency available in the deployment, it is not possible to deploy the NCT in aggregated mode and the only viable option here is to operate a standalone NCT. To enhance the performance in this deployment, coordination between the macro and LPN can be introduced. Such coordination schemes are further discussed in [1]. Coordination features such as CoMP that are already standardized may be used as well. The deployment could be operated either with a low latency backhaul or with a backhaul with larger delays. The applicable coordination schemes have to be adjusted according to the available backhaul latency. We observe that the deployment which utilizes the spectrum in the most efficient manner is a deployment wherein the LPN and macro are operating on the same frequency as maximum offloading and frequency reuse can be achieved. 

2.1.2 Deployment B

In deployment B it is possible to operate a standalone NCT on F2 and the deployment is then the same as deployment A. It is further possible to operate carrier aggregation between the LCT and NCT. For the carrier aggregation operation it is here assumed that the LCT is the primary cell. Carrier aggregation can in this deployment be performed both across nodes and within a network node. 

We first study the case of carrier aggregation within a network node. For such a deployment we observe that the applicable CSO value for operation on the NCT will be limited to the CSO value that can be utilized on the LCT. We further observe that currently the FeICIC framework is not defined for secondary cells according to [2]. Hence the applicable CSO value will be limited to 6 dB as the PSS/SSS and the ESS cannot be assumed to be useable with more than 6 dB, especially when the NCT and the LCT frequencies are in different bands. This deployment has in principle the same backhaul requirements as deployment A. 

A second option is that carrier aggregation in this deployment is performed between the network nodes, i.e. that the PCell is the LCT provided by the macro and the SCell is the NCT provided by the LPN. This however sets a requirement on the backhaul between the LPN and macro to be of very low latency. In principle it will limit the deployment options such that the LPN can only be deployed as a RRH. In this deployment, the coverage of the NCT in the LPN will be limited by the interference from the NCT from the macro, i.e. similar to the standalone NCT operation case in deployment A. We further observe that the aggregation between nodes can only be performed in the area in which there is macro coverage as well as LPN coverage. One should note here that the UE would need to change PCell when going in and out of LPN coverage. 

2.1.3 Deployment C

In deployment C, it is possible to support either standalone NCT or an aggregated version of the NCT. For standalone NCT the deployment is very similar to deployment A. An additional difference is that the UE needs to perform inter-frequency HO more often in this deployment as the LPN and macro eNB are not utilizing the same frequency. In case of an aggregated version of the NCT, the UE aggregates the LCT on the Macro and the NCT at the LPN. As in deployment B this assumes a low latency backhaul between the network nodes and that the network is synchronised between the nodes. Furthermore, it is assumed that the macro is always within coverage when the UE is within the LPN coverage area. Otherwise, standalone operation on the NCT would be required.

2.1.4 Deployment D

In deployment D, the UE is operating a standalone NCT in a macro deployment. In a pure macro deployment it is possible to do coordination between the macro nodes; such coordination has the same sets of link requirements between nodes as in deployment A, i.e. that it can be operated with a link with higher latencies analogous to a non-ideal backhaul in deployment A. We further observe in [5] that such a deployment can provide large energy efficiency benefits to network operators.

2.2 Analysis of SCell only NCT carrier aggregation and standalone NCT

The deployment cases that are related to an SCell only carrier aggregation mode have a few disadvantages that are common to all of them; these are further discussed below. 

Based on the above discussion, we see that the deployment which utilizes the spectrum in the most efficient manner is a deployment wherein the LPN and macro are operating on the same frequency. A summary of the backhaul requirements for each deployment scenario is given in Table 2. We observe that there is strong correlation between backhaul requirements and the operation mode of the NCT. 

Observation

· An SCell-only NCT assumes ideal backhaul with RRH deployment for the most promising cases. 
· Standalone operation would be needed to effectively support deployment scenarios with non-ideal backhaul
Table 2: Summary of backhaul requirements for each deployment scenario
	Deployment
	Type
	Operation mode
	Backhaul

	A
	F1: NCT@LPN
	Stand alone
	Non-ideal backhaul

	B
	F2: NCT@LPN
	Stand alone
	Non-ideal backhaul

	B
	F1: LCT@LPN
F2: NCT@LPN
	Intra-node CA
	Non-ideal backhaul

	B
	F1: LCT@Macro
F2: NCT@LPN
	Inter-node CA
	Low latency backhaul

	C
	F2: NCT@LPN
	Stand alone
	Non-ideal backhaul

	C
	F1: LCT@Macro
F2: NCT@LPN
	Inter-node CA
	Low latency backhaul

	D
	F1: NCT@Macro
	Stand alone
	Non-ideal backhaul


If a UE only supports aggregation of 1 UL carrier and 2 DL carriers, as is the most common case in RAN4 so far, it is observed that all UL traffic from the UE would be towards the LCT in the Macro. If the UE at the same time performs inter-node carrier aggregations in a heterogeneous network deployment the UL traffic will in most cases be directed towards the Macro being the node with the highest pathloss. This is because as the Macro is further away than the LPN from the UE. This will further increase energy consumption in the UE. In addition this approach would result in worse UL throughput as the UL towards the macro is used instead of the UL towards the LPN. It should be noted that FeICIC techniques cannot be used to mitigate this power imbalance as feICIC is not supported in CA deployments.

Observation

· UEs having a single UL carrier will see increased data rates in UL if operating on a standalone NCT compared to inter-node carrier aggregation of an LCT(PCell) and NCT(SCell) in an Heterogeneous network deployment.

Irrespective of whether the UE supports 2 UL carriers or a single UL carrier, the control signalling in UL on PUCCH is always sent on the LCT at the macro in case of inter-node carrier aggregation. This would increase the control signalling overhead while at the same time not allowing any possibility for PUCCH load balancing, as it is not possible to transmit PUCCH on the NCT. It will further increase energy consumption in the terminal in deployments utilizing inter-node carrier aggregation as the UL control signalling is transmitted towards the macro instead of the LPN. This is because the Macro generally has larger pathloss than the LPN as it is further away. 

Observation

· An SCell only NCT will increase the control overhead on PUCCH, without any possibility of load balancing
As noted above as well as in the deployment discussion, if aggregation of PCell(LCT) and SCell(NCT) is used, the inherit assumption is that the PCell has coverage in every location in which the SCell has coverage. In practice this may not always be the case if the PCell and SCell are transmitted from different physical locations, have different transmission power, one frequency is selectively repeated while the other is not or they are deployed at different frequencies. If the NCT is limited to only be operated as an SCell, it follows that the UE would need to support carrier aggregation to support the NCT. In the most common scenario this would also be between two different bands. Complexity-wise this would require the UE to at least have two different receiver chains and capability for at least higher amount of blind decodes. As the UE would need to operate on two different carriers just to utilize the NCT it will also increase the UE power consumption compared to standalone NCT operation as there the UE can operate only on a single frequency. It can also be viewed that the additional complexity introduced by having a standalone NCT in UE is less than having to operate aggregated version of the NCT as there is no need to support additional RF component that allows for carrier aggregation.

Observation

· UEs will consume more power if they are operated with carrier aggregation of an LCT(PCell) and NCT(SCell) compared to a standalone NCT
· UEs operating a carrier aggregation of an LCT(PCell) and NCT(SCell) would be limited in when they can use the NCT (SCell) by the coverage of the LCT(PCell)
· The UE complexity needed to support a carrier aggregated only version of the NCT is larger than the complexity needed to support only a standalone version of the NCT.
We observe from the above discussion that only having an aggregated version of the SCell will limit the possible deployment scenarios for the NCT severely compared to if standalone NCT is standardized. We further observe that there are no performance drawbacks by allowing a standalone NCT considering the different deployments that are studied and that any NCT carrier with standalone support can always be an SCell. In addition for the deployment scenarios that support both standalone NCT and an SCell only NCT, the performance will in many cases be worse for an SCell only NCT compared to standalone NCT. It is also observed that a standalone NCT will allow greater possibilities to enhance heterogeneous network and small cell deployments with the NCT.

Proposal

· From an NCT deployment perspective it justified to define a standalone NCT
3 Conclusions

In this contribution we discussed different deployment scenarios for the NCT, considering standalone operation and aggregated operation. Based on the discussion above, we make the following observations. 

· If standalone NCT is supported, the NCT can also be used with another carrier in carrier aggregation mode.
· A SCell-only NCT assumes ideal backhaul with RRH deployment for the most promising cases. 

· Standalone operation would be needed to effectively support deployment scenarios with non-ideal backhaul

· UEs having a single UL carrier will see increased data rates in UL if operating on a standalone NCT compared to inter-node carrier aggregation of an LCT(PCell) and NCT(SCell) in a Heterogeneous network deployment.

· An SCell only NCT will increase the control overhead on PUCCH, without any possibility of load balancing
· UEs will consume more power if they are operated with carrier aggregation of an LCT(PCell) and NCT(SCell) compared to a standalone NCT
· UEs operating a carrier aggregation of an LCT(PCell) and NCT(SCell) would be limited in when they can use the NCT (SCell) by the coverage of the LCT(PCell)
· UE complexity needed to support a carrier aggregation only version of the NCT is larger than the complexity needed to support only a standalone version of the NCT
Based on the above observations we propose:

· From an NCT deployment perspective it justified to define a standalone NCT
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