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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 and updated. And the objective of the work item is the following:
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 a second phase specify enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies (from RAN#61)

· If justified by the evaluation, specify necessary means to allow standalone and macro-assisted operation on the New Carrier Type, including

· A broadcast mechanism to acquire system information, a common search space for ePDCCH and UE mobility support.

· If justified by the small cell related studies, specify necessary means to support a dual dormant / active state, which means DTX like eNB behaviour (with long DTX cycles) and corresponding UE procedures, with or without reduced CRS in the active state. Note that the dual dormant / active state can be specified for NCT aggregated with a legacy carrier and / or operating in a macro assisted mode even if the standalone carrier is not justified by the evaluation. 

· Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary.

· Specify corresponding UE and eNB core requirements

Note that the work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.
Note that small cell related enhancements will include also non-NCT related solutions, which will be specified in other WIs.

As described in the WID[2], for new carrier types, two phases are needed to specify the enhancement. But first of all, typical deployment scenarios need to be identified and determined as a baseline for further technical discussion.
Observation: For new carrier types, typical deployment scenarios need to be identified and determined as a baseline for further technical discussion. 
In this contribution, we consider the possible scenarios for non-standalone NCT in Rel-12 on the basis of carrier aggregation scenarios[3], and propose four typical deployment scenarios for synchronized and unsynchronized NCT.
2. Discussion 

2.1 Clarification for the definition of synchronized NCT
In RAN1#67 meeting, in the first phase design of new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).
From the above agreement, the definition of synchronized NCT implies that it is synchronized with a legacy carrier in time and frequency, and no separate synchronization processing is needed in the UE receiver.
However, contribution[4] discribed an CA configuration in which two NCT CCs with their synchronization being maintained within the two CCs although they are not synchronized with any of the legacy CCs, especially when inter-band non-contiguous CA is configured over NCT CCs, see the right side of Figure 1. In such case, multiple unsynchronized NCT CCs could be synchronized with each other. 
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Figure 1. The synchronization situation
The motivation of synchronized NCT design is improving spectral efficiency, energy efficiency, and mitigating the interference in HetNet scenario by removing legacy control signalling and CRS. All the relative informations are brought from its associated backward compatible legacy carrier. 

If the synchronization between multiple unsynchronized NCT CCs is considered[5], it probably needs to design a new mechism and consequently complicate the specification and implementation. Therefore, RAN1 needs to discuss the existence of this case, and further clarify the definition of synchronized new carrier type. 

Proposal 1:RAN1 should further clarify the definition of synchronized NCT, i.e., synchronized to legacy carrier or new carrier type, and consequently be clear whether the synchroization issue between multiple unsynchronized NCT CCs needs to be considered. 
Furthermore, for legacy carrier can be PCell or SCell[5][6][7], we prefer the legacy carrier which NCT CCs are synchronized with can be PCell or activated SCell, see the left side of Figure 1. The NCT CC is synchronized with legacy carrier and always configured as an SCell. eNB provides its configuration informations, such as PCI, carrier frequency and channel configurations,etc., to UE through the assoicated legacy carrier. 
Proposal 2: The legacy carrier which synchronized NCTs are synchronized with could be PCell or activated SCell, and eNB provides synchronized NCTs’ configuration informations to UE through the legacy carrier. 

2.2 Scenarios for synchronized NCT
Based on CA scenarios 1-5, the scenarios for new carrier types are discussed in two aspects, synchronized and unsynchronized NCT.

For synchronized NCTs, a necessary condition is that the carriers should be collocated, and thus CA scenarios 1-3 can be considered. In contribution[8], we had proposed that PSS/SSS/CRS(include the new one-port RS defined for unsynchronized new carriers) could be configured to be not present for synchronized new carriers. If this proposal is adopted for synchronized NCT, UE will acquire time-frequency synchronization and tracking from the assoicated backward compatible legacy carrier which requires the similar coverage.
Therefore, CA scenario 1 becomes the typical scenario for synchronized NCT, i.e. contiguous intra-band CA. In this NCT scenario 1 of Figure 2, two cells with different carrier frequencies (i.e. F1 and F2) are co-located and provide similar coverage.
NCT scenario 1: Contiguous intra-band CA for synchronized NCT
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Figure 2: NCT scenario 1 for synchronized NCT (like CA scenario 1)
Proposal 3: CA scenario 1 is the typical scenario for synchronized NCT, i.e., contiguous intra-band CA, and two cells with different carrier frequencies are co-located and provide similar coverage. 

There are other possible scenarios for synchronized NCT, such as intra-band non-contiguous CA or inter-band CA with small frequency gap, which we regard them as non-typical scenarios for synchronized NCT and prefer not to discuss in detail in this stage.
2.3 Scenarios for unsynchronized NCT

In Rel-12 small cell enhancement SID[11], the interested carrier aggregation scenarios are not for synchronized NCT but unsynchronized NCT. Therefore, we consider three typical scenarios for unsynchronized NCT in this section. 
NCT Scenario 2: Inter-band co-located CA for unsynchronized NCT

Similar as CA scenario 2, the backward compatible legacy carrier (F1) and NCT carrier (F2) from different frequency bands are aggregated together with co-location, see Figure 3. 
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Figure 3: NCT scenario 2 for unsynchronized NCT (like CA scenario 2)

Since legacy carrier and NCT carrier have large gap in frequency, although these cells are co-located and overlaid, NCT carrier cells have smaller coverage due to larger pathloss by using higher carrier frequency. Consequently, leagcy carrier cell and NCT carrier cells have non-negligible difference on time-freqency synchronization /tracking performances, which requires the existence of PSS/SSS/TRS signals on unsynchronized NCT. 
Proposal 4: Inter-band co-located CA is one of typical scenarios for unsynchronized NCT. 

For other scenarios, such as HetNet and small cell deployments, two carriers F1 and F2 are allocated to macro cell and low power node (LPN) cells. These cells are not geographically co-located, see Figure 4. According to the number of aggregated carriers per node, two typical scenarios for unsynchronized NCT are divided. 
NCT Scenario 3: HetNet scenario with single carrier per node for unsynchronized NCT

In this case, legacy carrier F1 is used for macro cell and unsynchronized NCT carrier F2 is for pico cells, see figure 4. 
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Figure 4 HetNet scenario with single carrier per node for unsynchronized NCT
In contribution[10], the same frequency deployment for legacy carrier and NCT carrier has been discussed, and it might be a CoMP-based structure with macro-assisted operation on the NCT. Also in SID[11], it was agreed that the study of small cell enhancement should address small cell deployments on both a separate and the same frequency layer as the macro cells, taking into account existing mechanisms (e.g., CoMP, FeICIC) wherever applicable.
From our point of view, the same frequency deployment for legacy carrier and NCT carrier is not applicable for carrier aggregation for the reason that it will produce co-channel interference. And also, the first phase of NCT WID doesnot have to work with the small cell enhancement SID result, so we prefer to only consider the different-frequency deployment for legacy carrier and NCT carrier. Therefore, legacy carrier for macro cell ensures the coverage, while NCT carriers for Pico cells provide high data throughput. 
Proposal 5: In the first phase of NCT, HetNet scenario with single carrier per node is one of typical scenarios for unsynchronized NCT, and the different-frequency deployment for legacy carrier and NCT carrier is only considered. 

NCT Scenario 4: HetNet scenario with multiple carriers per node for unsynchronized NCT

In this scenario, carriers F1 and F2 are both used for macro cell and small cells. And some or all LPN nodes may locate within/without coverage of the macro-node layer, see Figures 5(a) and 5(b).
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(a) all LPN nodes are within marco coverage
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(b) some/all LPN nodes are without marco coverage
Figure 5 HetNet scenario with multiple carriers per node for unsynchronized NCT
For case 2 in contribution[12],  the macro node uses F1 as backward compatible carrier and F2 as NCT carrier while pico nodes use F1 as NCT carrier and F2 as backward compatible carrier. By reducing the macro transmission power on F2 (i.e. macro NCT), cell range expansion for pico cell on F2 can be achieved without impacting legacy UEs in macro cell. In such HetNet scenario, new carrier type is beneficial for the inter-cell interference coordination. Especially for small cell enhancement[11], the mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements will be studied, and focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.
In our opinion, if both backward compatible legacy carrier and NCT carrier are used in macro cell and small cells, legacy UE is not only able to access in marco cell, but also can access in small cell if necessary. This provides sufficient flexibility to fully usage of frequency spectrum to meet various service demands. 

Proposal 6: HetNet scenario with multiple carriers per node is one of typical scenarios for unsynchronized NCT, and probably with the discussion of small cell enhancement in phase 2.  

3. Conclusion
This contribution considered four typical deployment scenarios for non-standalone NCT in synchronized and unsynchronized NCT aspects in Rel-12, and had the following observation and suggestions.

Observation: For new carrier types, typical deployment scenarios need to be identified and determined as a baseline for further technical discussion. 

Proposal 1:RAN1 should further clarify the definition of synchronized NCT, i.e., synchronized to legacy carrier or new carrier type, and consequently be clear whether the synchroization issue between multiple unsynchronized NCT CCs needs to be considered or not. 

Proposal 2: The legacy carrier which synchronized NCTs are synchronized with could be PCell or activated SCell, and eNB provides synchronized NCTs’ configuration informations to UE through the legacy carrier. 

NCT scenario 1: Contiguous intra-band CA for synchronized NCT

Proposal 3: CA scenario 1 is the typical scenario for synchronized NCT, i.e., contiguous intra-band CA, and two cells with different carrier frequencies are co-located and provide similar coverage. 

NCT Scenario 2: Inter-band co-located CA for unsynchronized NCT

Proposal 4: Inter-band co-located CA is one of typical scenarios for unsynchronized NCT. 

NCT Scenario 3: HetNet scenario with single carrier per node for unsynchronized NCT

Proposal 5: In the first phase of NCT, HetNet scenario with single carrier per node is one of typical scenarios for unsynchronized NCT, and the different-frequency deployment for legacy carrier and NCT carrier is only considered. 

NCT Scenario 4: HetNet scenario with multiple carriers per node for unsynchronized NCT

Proposal 6: HetNet scenario with multiple carriers per node is one of typical scenarios for unsynchronized NCT, and probably with the discussion of small cell enhancement in phase 2.  
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