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Introduction
A work item for a New Carrier Type (NCT) in Rel-12 was approved in RAN#57 [1] and then revised in RAN#58 [2].  One objective of this work item is as follows: 

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type Study.
In RAN1 72bis, the following observations were made for stand-alone NCT [3]: 

· Benefits cited for S-NCT compared to NS-NCT:

· Throughput increase and load balancing in the presence of non-CA-capable UEs

· S-NCT can be PCell

· can support PUCCH offloading (but could be provided without S-NCT)

· S-NCT can provide the benefits of NCT (increased spectral efficiency (less than NS-NCT when compared with BCT), improved het net support, energy saving) in additional scenarios compared to NS-NCT, e.g.:

· non-ideal backhaul to the site hosting the BCT

· single carrier co-channel het net

· new frequency bands

· legacy carrier coverage holes (if legacy UE support is not required)

· S-NCT may be able to provide greater energy saving than NS-NCT (if legacy UE support is not required)

· Can avoid CA by using a single carrier of larger BW

· Can support MBMS for IDLE UEs

· Reasons cited against S-NCT

· Additional specification effort beyond what is needed for NS-NCT:

· DM-RS based PBCH (or TDM legacy and new subframes to enable existing PBCH to be reused)

· CSS on EPDCCH (but may be useful even without S-NCT)

· Mobility support for IDLE mode

· RLM

· Possibly EPHICH

· Benefits could be provided by other means, e.g. 

· macro-assisted NS-NCT

· details FFS (E///: macro-assisted NS-NCT may need S-NCT)

· eNB dormancy

· details FFS

· If S-NCT is used to replace both BCT and NS-NCT, no support for legacy UEs

In this contribution, we discuss the potential benefits of deploying S-NCT in typical SCE scenarios. In each scenario, we compare S-NCT with NS-NCT (where applicable) and BCT. 
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Standalone NCT in Small Cell Scenarios

In general, the benefits of deploying NCT (including S-NCT and NS-NCT) compared to BCT are as follows [4]:
· Enhanced spectral efficiency, which can be achieved by reducing the CRS to single port with 5ms periodicity.

· Improved support for Het-Net, which can be achieved by removing PDCCH such that the frequency-domain ICIC can be applied to the entire subframe. 
· Energy efficiency, which can be achieved by introducing eNodeB dormancy in the subframes without CRS.
In SCE scenario 1 as shown in Fig. 1 where the macros and picos share the same frequency and they are connected with non-ideal backhaul, we consider the following two cases based on the total number of available carriers: 1) the macros and picos share a single carrier (e.g. F1 as shown in Fig. 1), and 2) the macros and picos share more than one carrier (e.g. F1 and F2 as shown in Fig. 1). In the first case, NS-NCT is not applicable. For backward compatibility considerations, BCT is preferable for the macros in order to support legacy UEs. However, it is preferable to adopt S-NCT for the picos due to the above-mentioned benefits of S-NCT. In the second case, the macros can use BCT for at least one of the available carriers depending on the percentage of legacy UEs in the system. Initially, BCT are likely to be used to for all carriers due to a considerable number of legacy UEs. More carriers will be switched from BCT to NCT with the increasing number of Rel-12 UEs. When a particular carrier is upgraded from BCT to NCT, it can choose whether to use S-NCT or NS-NCT depending on the number of CA-capable UEs in the system. For the picos in this case, either S-NCT or BCT is needed for at least one carrier in order to support NS-NCT for other carriers. We prefer to use S-NCT as P-Cell due to the above mentioned advantages over BCT. Note that we assume inter-site CA is not feasible due to the non-ideal backhaul support and at least one carrier has to be P-Cell for each node. From the above discussion, we have the following proposal:
Proposal 1: S-NCT should be supported in SCE scenario 1. 
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Fig. 1 SCE scenario 1 (co-channel scenario)
In SCE scenario 2a where the macros and picos use different frequency carriers and they are connected with non-ideal backhaul, we first consider a simple case as shown in Fig. 2 where the macros use a single carrier F1 and the picos use another single carrier F2. We assume NS-NCT is not applicable in this case due to the non-ideal backhaul. To take advantage of the benefits of NCT and consider backward compatibility, it is preferable to use BCT for the macros and S-NCT for the picos. In a more general case where more than two carriers are available, we can configure one BCT carrier for the macros and one S-NCT carrier for the picos, and then distributed the remaining carriers to the macros and picos based on the percentage of legacy UEs in the system. If the system has more legacy UEs, more carriers will be used as BCT and assigned to the macros. Some carriers will switch from BCT to NCT with the increasing number of Rel-12 UEs. Depending on the percentage of CA-capable UEs, a BCT carrier can be switched to S-NCT or NS-NCT. From the above discussion, we have the following proposal:
Proposal 2: S-NCT should be supported in SCE scenario 2a. 
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Fig. 2 SCE scenario 2a (adjacent channel scenario)
In SCE scenario 3 where macro-coverage does not exist as shown in Fig. 3 and thus NS-NCT is not applicable, the percentage of legacy UEs in the system is the key factor to decide whether to use S-NCT or BCT for small cells. It is a trade-off that S-NCT provides better performance for Rel-12 UEs but cannot support legacy UEs. Eventually, Rel-12 UEs will be dominant in the system and it is preferable to use S-NCT for the picos if this happens. Thus, we have the following proposal:
Proposal 3: S-NCT should be supported in SCE scenario 3. 

[image: image3.emf]
Fig. 3 SCE scenario 3 (small cells without macro coverage)
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Conclusion 
In this contribution, we discuss the potential benefits of deploying S-NCT in SCE scenarios. From the discussion in Section 2, we think that S-NCT should be supported in all typical SCE scenarios, thus we have the following proposal.
Proposal: S-NCT should be supported in Rel-12. 
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