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1 Introduction

In RAN#57 [1] and RAN#58 [2] meetings, the WID for New Carrier Type (NCT) in Rel-12 was approved . where the objective of standalone NCT is:
In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier. 

· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type

In RAN1#72bis meeting[3], it was agreed that pros and cons analysis should be given for standalone NCT in next meeting with consideration of the following contents: 

· Discuss further the above pros and cons 

· Consider some scenarios where the greatest benefits of S-NCT are claimed, and in those scenarios assess the benefits of S-NCT w.r.t. BCT, and w.r.t. BCT+NS-NCT when applicable:

· SCE scenario 1 with non-ideal backhaul from small cells to macro

· (co-channel, so NS-NCT is not applicable)

· SCE scenario 2a with non-ideal backhaul from small cells to macro

· (macro coverage exists, but non-ideal backhaul presents challenges for NS-NCT)

· SCE scenario 3

· (macro-coverage non-existent so NS-NCT is not applicable)

· Macro-only scenario

· single carrier (NS-NCT not applicable)

· dual carrier CA

· Include consideration of:

· load balancing

· relative complexity for UEs to support CA vs NCT

· proportion of non-CA-capable UEs

· proportion of NCT-capable UEs

· handling of non-NCT-capable UEs

Note: NS-NCT requires Rel-10 CA. 

In this contribution, we consider the above four scenarios for standalone NCT with benefit analysis over BCT and NS-NCT, and express our preference.
2 Discussion
2.1 Motivation

In WID[1] [2], enhanced spectral efficiency and energy efficiency as well as improved support for HetNet are suppose to be the three main benefits from standalone NCT deployment, which require the evaluation in Phase 1’s work. These benefits can be achieved by removing legacy control channel and reference signals for small cell operations, especially in indoor/outdoor scenarios and densely deployed scenarios, such as hotspot. 
In LS of small cell scenarios [4], four scenarios #1, #2a, #2b, and #3, regarding co-channel or separate channel, dense or sparse, with/without macro coverage, indoor or outdoor, were proposed and finally discussed in RAN plenary[5]. Thus, it is desirable to identify standalone NCT scenarios with consideration of Small Cell Enhancement (SCE) in Rel-12 studies.
In RAN1#72bis email discussion, several companies gave their opinions to the scenarios for standalone NCT, which are summarized in [6]. Besides macro-only scenario, three small cell scenarios including #1, #2a, and #3 are thought as  important deployment scenarios for standalone NCT. Therefore, these four standaone NCT deployed scenarios need to be considered with benefit analysis. 
Observation: Small cell scenarios #1, #2a, and #3 as well as macro-only scenario are four typical standalone NCT deployment scenarios. 

2.2 Standalone NCT scenarios
2.2.1 SCE scenario 1 with non-ideal backhaul from small cells to macro

(co-channel, so NS-NCT is not applicable)
In SCE scenario 1, macro cell and small cells are deployed in the same carrier frequency, see Figure 1. In consideration of backward compatibility and legacy UE support, from our perspective, backward compatible carrier type (BCT) is desirable for macro cell to provide coverage and service to legacy UE. And, NCT is expected to deploy in small cells due to no possibility of carrier aggregation on the same frequency. 
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Fig. 1: Small cell scenario #1

When non-ideal backhaul link exists from small cells to macro cell, if dual connectivity is supported, standalone NCT is not essential here. Instead, non-standalone NCT (NS-NCT) can be applied with relative system information acquired from BCT. NS-NCT has better ICI interference mitigation performance and small specification modification. Otherwise, if dual connectivity is not supported, standalone NCT, on which UE can access and operate without assistance from another carrier, is preferred for small cells to achieve the benefits of NCT, such as load balance and energy efficiency. Whether dual connectivity is supported between small cells and macro cell or not is waiting for RAN2’s decision. 
Since macro cell and small cells are deployed in the same carrier frequency, coverage holes may be created for legacy UEs close to small cells because of co-channel interference. This needs careful investigation and discussion. 
This scenario is suitable for all non-CA-capable UEs, including legacy UEs and Rel-12 UEs. The supports of legacy UEs and Rel-12 non-NCT-capable UEs are available in macro cell layer, and Rel-12 NCT-capable UEs are supported in small cell layer. 
Proposal 1: In SCE scenario #1 with non-ideal backhaul between small cells and macro cell, if dual connectivity is supported, NS-NCT can be applied. Otherwise, standalone NCT is preferred. 

2.2.2 SCE scenario 2a with non-ideal backhaul from small cells to macro

(macro coverage exists, but non-ideal backhaul presents challenges for NS-NCT)
In SCE scenario 2a, macro cell and small cells are deployed in outdoor with different carrier frequencies, see Figure 2. Similar to SCE scenario 1, for backward compatibility and legacy UE support, BCT is desirable for macro cell to provide coverage and service to legacy UE. And, NCT is expected to deploy in small cells. 
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Fig. 2: Small cell scenario #2a
In case of ideal backhaul between macro and small cells, carrier aggregation is possible between BCT and NCT, where NS-NCT as a SCell can be used in small cells for data offloading and spectral efficiency enhancement. Meanwhile, standalone NCT is also able to deploy in small cells, but it may require new channel design (e.g. ePBCH/EPDCCH CSS/ePHICH etc.) and much standardization efforts.
In case of non-ideal backhaul between macro and small cells, carrier aggregation is not possible. NS-NCT(i.e., macro-assisted NCT)  or standalone NCT is applied to small cells depends on whether to support dual connectivity between macro and small cells. If it is supported, load balancing as well as other benefits are still available for NS-NCT. On the contrary, if not supported, standalone NCT is desirable in small cells, and its flexible scheduling and configuration will benefit to load balancing, especially for non-CA-capable UEs. 
From system-level simulation results in several company contributions [7][8], standalone NCT provides better average throughput gain and cell-edge throughput gain over NS-NCT, especially for high percentage of non-CA-capable UEs. And also, from long-term energy efficiency improvement perspective[9], standalone NCT is prefered in this scenario. 
Proposal 2: In SCE scenario #2a with non-ideal backhaul between small cells and macro cell, NS-NCT or standalone NCT can be applied to small cells depends on whether to support dual connectivity. But standalone NCT is prefered for better throughput gain and energy efficiency. 
2.2.3 SCE scenario 3

(macro-coverage non-existent so NS-NCT is not applicable)
In SCE scenario 3, small cells are located without macro coverage, see Figure 3. Consequently, carrier aggregation is not possible in this case. For backward compatibility and legacy UE support, at least one of small cells should use BCT. 

If legacy UEs do not appear, NCT with standalone operation is desirable for small cell deployments to achieve the benefits. And,  Rel-12 NCT-capable UEs can access to small cells, and acquire system information, RRM/RLM measurement, etc. 
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Fig. 3: Small cell scenario #3
Proposal 3: In SCE scenario #3,  NS-NCT is not applicable due to impossiblity of carrier aggregation, so standalone NCT is prefered in small cell deployments. 
2.2.4 Macro-only scenario

single carrier (NS-NCT not applicable)

dual carrier CA

In Macro-only scenario, single carrier and multiple carrier cases are shown below, see Figure 4. 
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Fig. 4: Macro-only scenario
Case 1: single carrier 

In the left side of Fig.4, to support legacy UEs, BCT is necessary to be applied in single macro cell. With no legacy UEs but only Rel-12 NCT-capable UEs considered, standalone NCT rather than NS-NCT should be applied to single macro cell for the reason that independent operation as a serving cell is demanded. 
Proposal 4: In macro-only scenario with single carrier, to support Rel-12 NCT-capable UEs, standalone NCT rather than NS-NCT should be applied to single macro cell. 
Case 2: multiple carriers

In the right side of Fig.4, we consider a typical example, i.e., dual carriers F1 and F2 for two macro cells. 
With the presence of only legacy UEs,  BCT rather than NCT are used in two macro cells, where carrier aggregation is possible under intra-eNB operation. 

With the presence of only Rel-12 NCT-capable UEs, NCT carriers are applied to both macro cells, but at least one carrier must have standalone feature to independently operate as a serving cell. 

When both legacy UEs and Rel-12 NCT-capable UEs are co-exist, BCT and NCT have to be respectively used to one of two macro cells. With intra-eNB operation for two macro cells, carrier aggregation is able to be performed, and consequently NS-NCT is feasible. Otherwise, standalone NCT should be applied in non-CA case.
Proposal 5: In macro-only scenario with multiple carriers, to support Rel-12 NCT-capable UEs, both standalone NCT and NS-NCT are feasible in CA case. Otherwise, standalone NCT should be applied in non-CA case. 
3 Conclusion

In this contribution, we have considered four typical scenarios for standalone NCT with benefit analysis over BCT and NS-NCT, and gave the following observation and suggestions. 
Observation: Small cell scenarios #1, #2a, and #3 as well as macro-only scenario are four typical standalone NCT deployment scenarios. 

SCE scenario 1 with non-ideal backhaul from small cells to macro 

Proposal 1: In SCE scenario #1 with non-ideal backhaul between small cells and macro cell, if dual connectivity is supported, NS-NCT can be applied. Otherwise, standalone NCT is preferred. 

SCE scenario 2a with non-ideal backhaul from small cells to macro
Proposal 2: In SCE scenario #2a with non-ideal backhaul between small cells and macro cell, NS-NCT or standalone NCT can be applied to small cells depends on whether to support dual connectivity. But standalone NCT is prefered for better throughput gain and energy efficiency. 

SCE scenario 3
Proposal 3: In SCE scenario #3,  NS-NCT is not applicable due to impossiblity of carrier aggregation, so standalone NCT is prefered in flexible small cell deployments. 

Macro-only scenario
Proposal 4: In macro-only scenario with single carrier, to support Rel-12 NCT-capable UEs, standalone NCT rather than NS-NCT should be applied to single macro cell.

Proposal 5: In macro-only scenario with multiple carriers, to support Rel-12 NCT-capable UEs, both standalone NCT and NS-NCT are feasible in CA case. Otherwise, standalone NCT should be applied in non-CA case. 
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