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1 Introduction

In the RAN1#72bis meeting, the scenarios and potential benefits of Standalone NCT (S-NCT) over Non-Standalone NCT (NS-NCT) and Backward compatible Carrier Type (BCT) were discussed [1]
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 \* MERGEFORMAT [2] and a list of companies’ observations of benefits  cited for S-NCT compared to NS-NCT as well as reasons cited against S-NCT was given in [3].
This contribution discusses deployment scenarios and complexity of NCT. We discuss the deployment scenarios in Section 2. UE complexity for supporting NCT in comparison with CA is analyzed in Section 3.
2 Deployment scenarios of NCT

LTE Rel-12 introduces NCT in order to obtain the benefits of enhanced spectral efficiency, improved support for Het-Net and energy efficiency. Thus, NCT should have the flexibility to be used in all possible deployment scenarios, including non-CA capable networks and single carrier deployments, networks with non-CA capable UEs, and in networks with non-ideal backhaul. S-NCT is beneficial in these scenarios where intra-eNB CA with NS-NCT cannot be used. 
Non-CA capable networks and single carrier deployments
Not all the operators’ networks are CA-capable, as they may not have multiple bands/carriers or may not implement CA in their networks even with multiple available bands. For example, SCE scenario 1 defined in [4] for small cell performance evaluation is one kind of non-CA capable network deployment where both macro cells and small cells operate on a single carrier on the same frequency. 

The benefits of NCT do not intrinsically depend on the CA feature, but come from the reduction of CRS transmissions. However, NS-NCT depends on the availability of intra-eNB CA, so it cannot be deployed in non-CA capable networks. On the contrary, S-NCT does not have such limitations.
Networks with Rel-12 non-CA capable UEs

CA capability is an optional feature for Rel-10/11 UEs and it is reasonable that CA capability will still be optional for Rel-12 UEs. Moreover, low-cost MTC UEs likely will not have CA capability in order to reduce cost and complexity. Therefore, since UEs without CA capability will exist, it is important to also allow this type of UEs to access carrier frequencies where NCT is deployed. Otherwise the network would not be able to efficiently provide load balancing compared to earlier releases where every carrier is directly accessible by non-CA capable UEs [5].
In RAN1 #72bis meeting, [1] and [2] showed significant performance gains of load balancing across carriers under the presence of non-CA capable UEs, which justify the benefits of S-NCT over NS-NCT. Deploying NS-NCT means that all non-CA UEs can only access and be served by the legacy carrier. Deploying a standalone NCT instead of a non-standalone NCT provides more choice for serving cell selection of non-CA UEs, which in turn provides more available resources for non-CA UEs and non-NCT UEs. This fact is also beneficial for legacy UEs, since they can enjoy higher usage of the legacy carrier compared to the case where all Rel-12 UEs also need to use the legacy carrier as PCell.
Observation 1: Multicarrier deployment with standalone NCT is more efficient than with non-standalone NCT because

· Non-CA capable UEs that support NCT can be served on any carrier
· CA-capable UEs that support NCT can use NCT as PCell
· More resources are available for non-NCT capable UEs on the backward-compatible carrier.

Networks with non-ideal backhaul between eNBs
Non-ideal backhaul deployments are more common than fiber backhaul deployments. S-NCT can be deployed with any backhaul but NS-NCT requires an ideal backhaul since it is currently only defined for intra-eNB CA. Note that mechanisms for inter-eNB carrier aggregation with non-ideal backhaul are under study in Rel-12, where NS-NCT on a small cell could be assisted by BCT on a macro cell.
Observation 2: NCT should also be supported in the following scenarios:

· Non-CA capable networks, including single carrier networks
· Networks with Rel-12 non-CA capable UEs
· Networks with non-ideal backhaul between sites hosting carriers
Based on the above analysis, we propose that:
Proposal 1: Rel-12 supports load balancing across carriers irrespective of the carrier types (NCT, BCT)
· Any carrier can be serving cell for any Rel-12 UE, assuming UE supports the applicable bands and carrier types 

· Regardless of whether UE supports CA
· Including the case of non-ideal backhaul between sites hosting the different carriers
Standalone NCT is a solution for load balancing, and it provides the additional benefit that NCT can be used in single carrier deployment and without macro cell assistance. So we propose to support standalone NCT in Rel-12.

Proposal 2: Standalone NCT should be specified in Rel-12.
3 UE complexity for supporting NCT and CA
It was argued that a Rel-12 UE may not have the ability to support NCT, while potentially all Rel-12 UEs could support CA. Considerations on UE complexity for supporting NCT and CA were provided in [6].
A CA-capable UE has to be equipped with two sets of baseband processing units and RF chains (for inter-band CA) in order to support carrier aggregation, as well as increased soft buffer size to support higher peak data rate. Supporting standalone NCT without CA only requires one baseband processing unit and RF chain, and does not require a larger soft buffer size, which cuts down the cost and power consumption of the UE.

Observation 3: Supporting CA feature requires a more complex UE implementation than supporting NCT feature.

The main benefits of carrier aggregation technology introduced in LTE Release 10 are:

· Aggregating multiple carrier to increase the peak date rate
· Fast carrier selection gain according to interference conditions
· Load balancing by dynamically selecting the serving carrier for UE
In order to obtain all the above three benefits, CA capability is required at the UE. However, only increased peak rate actually requires the UE to receive data on multiple carriers simultaneously. Basically, a UE could maintain synchronization on two carriers while not supporting increased peak data rate, and not supporting simultaneous baseband processing on multiple carriers. Such a UE could still benefit from carrier switching and load balancing even without CA capability. Non-standalone NCT could be accessible to this type of UEs in addition to CA-capable UEs, as long as there is a BCT to provide assistance for accessing the NS-NCT. While such a UE does not see increased peak rate, the network can obtain most of the performance benefits provided in the presence of CA-capable UEs.
Proposal 3: Allow transmissions on non-standalone NCT for non-CA capable UEs that support NCT.

· Rel-12 should support non-CA capable UEs which can maintain synchronization on two carriers and receive/transmit on either carrier in any subframe, without the need to support increased peak data rate compared to a single carrier.
4 Conclusion
This contribution discusses deployment scenarios and complexity of NCT. Based on the analysis, the followings are observed:
Observation 1: Multicarrier deployment with standalone NCT is more efficient than with non-standalone NCT because

· Non-CA capable UEs that support NCT can be served on any carrier
· CA-capable UEs that support NCT can use NCT as PCell
· More resources are available for non-NCT capable UEs on the backward-compatible carrier.

Observation 2: NCT should also be supported in the following scenarios:

· Non-CA capable networks, including single carrier networks

· Networks with Rel-12 non-CA capable UEs
· Networks with non-ideal backhaul between sites hosting carriers
Observation 3: Supporting CA feature requires a more complex UE implementation than supporting NCT feature.

In conclusion, the following are proposed:
Proposal 1: Rel-12 supports load balancing across carriers irrespective of the carrier types (NCT, BCT)
· Any carrier can be serving cell for any Rel-12 UE, assuming UE supports the applicable bands and carrier types 

· Regardless of whether UE supports CA

· Including the case of non-ideal backhaul between sites hosting the different carriers

Proposal 2: Standalone NCT should be specified in Rel-12.

Proposal 3: Allow transmissions on non-standalone NCT for non-CA capable UEs.

· Rel-12 should support non-CA capable UEs which can maintain synchronization on two carriers and receive/transmit on either carrier in any subframe, without the need to support increased peak data rate compared to a single carrier.
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