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1 Introduction

The need for optimizing the new carrier type for synchronized scenarios has been discussed in previous RAN1 meetings. Regarding the synchronization assumption for the new carrier type, the following was agreed in RAN WG1 meeting #67:

In the design of the 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).

Note that synchronization is considered from the perspective of the UE receiver. 

During RAN1#68 meeting, the discussion mainly focused on the acquisition/synchronization/tracking and RS for unsynchronized new carriers and synchronized new carriers reaches no conclusions. 
Regarding the synchronized the new carrier type, the following was agreed in RAN WG1 meeting #68bis:
Conclusion:

· Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimisations such as non-presence of PSS/SSS etc. 

In this contribution, we discuss several aspects of a synchronized new carrier type.
2 Discussion

2.1 Motivations and Scenarios for new carrier type 

RAN1 have identified that the enhanced spectral efficiency, improved support for Het Net and energy efficiency are main consideration for NCT.
Enhanced spectral efficiency: Removing legacy control signalling (e.g. PSS/SSS/PBCH/SIB/PCH/PDCCH) and CRS improves the spectral efficiency. The ePDCCH can be adopted instead of PDCCH to improve the spectral efficiency of the DL control channel.
Improved support for HetNet: When the legacy PDCCH and CRS are removed, the time domain interference coordination eICIC is no longer needed.

Energy efficiency: When PCFICH/PHICH/PDCCH and CRS are removed, the entire subframe becomes empty when no data or CSI-RS is scheduled in the subframe. In this case, the base stations can enter sleep mode throughout the subframe, thus saving power.
The CA deployment scenarios are illustrated in TS36.300 V11.0.0 [1]. New carrier types can be deployed in those scenarios. All of these scenarios should be continuously supported by LTE Rel-11. However, design of the new carrier type should be optimized and combined with a given carrier aggregation (CA) deployment scenarios.
CA scenarios for synchronized new carrier type can be classified into following:
The aggregated carriers are co-located and overlaid. If aggregated carriers are co-located and overlaid, not providing the same coverage, the carrier with smaller coverage can be used as new carrier type. If aggregated carriers are not the same band, the base stations need to have more stringent timing synchronization.
Based on the above baseline, deployment scenarios for synchronized new carrier type can be described below:
For CA scenario #1, F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. The F1 and F2 are of the same band. Synchronization/tracking via corresponding backward-compatible carrier is sufficient in this case. The PSS/SSS/PBCH/SIB/PCH/PDCCH/CRS can be muted in synchronized new carrier type. Further, if F1 and F2 are of different bands in CA scenario #1 with sufficient power balance, F1 and F2 can still be synchronized in time and frequency from the perspective of the UE receiver. 
For CA scenario #2, F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 cell provides sufficient coverage and F2 cell is used to improve throughput in this case. Considering the coverage difference between F1 cell and F2 cell, F1 cell with larger coverage can be used as backward-compatible carrier, and F2 with smaller coverage can be used as synchronized new carrier type. Within the coverage areas of F2 cell, F1 cell and F2 cell can be viewed as synchronous in time and frequency from the perspective of the UE receiver.

For CA scenario #3, because of the larger direction and coverage difference between F1 and F2 cells, F1 and F2 cells are difficult to be used as synchronized new carrier types.

For CA scenario #4, F1 cell provides macro coverage and on F2 cell Remote Radio Heads (RRHs) are used to improve throughput at hot spots. F1 and F2 cells are not co-located, so the F1 and F2 cells are difficult to be used as synchronized new carrier types.
For CA scenario #5, frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. On the basis of F1 and F2 cells transmitted from the same base stations, F1 cell with larger coverage can be used as backward-compatible carrier, and F2 cell with smaller coverage can be used as synchronized new carrier type.
At least for the scenario #1 and #2 synchronized new carrier type is well possible. Further, it does not complexity by making synchronized new carrier type as a special case of asynchronous new carrier type. We should will align the design to the motivation for introducing the new carrier type.  The non-negligible overheads should be considered. From this perspective, we suggest that PSS/SSS and Reduced CRS should not be configured in synchronized new carrier type.
Proposal 1: The legacy control channels/ signals (e.g. PSS/SSS/PBCH/SIB/PCH/PDCCH) and Reduced CRS are not transmitted in synchronized new carrier type.
Some operators have many continuous carriers for LTE. Synchronized new carrier type is well suitable for those operators. New carrier type should be provided with configurability to meet different operators. For example, base station can configure a specific new carrier type when needs. Common channels/signals of new carrier type should be configurable based on different requirements and scenarios. Informing UE via high layers signaling, base station can determine whether PSS/SSS or Reduced CRS are transmitted in the new carrier according to various needs. 
Proposal 2: Common channels/signals (e.g. PSS/SSS/Reduced CRS) of the new carrier type should be configurable by higher layers signalling.

2.2 Other issues 
For the new carrier, there exist some issues below. 

· UE identify the type of the new carrier before using a new carrier
· Currently, the new carrier is divided into unsynchronized carriers and synchronized carriers. When eNB configures the new carrier for UE, UE should also be informed of the carrier type. 

1) UE is informed that new carrier is synchronized carrier, and can skip further synchronization on new carrier and depend on the compatible carrier.

2) UE is informed that the new carrier is unsynchronized carrier, and then perform synchronization by detecting PSS/SSS and/or CRS on the new carrier.

If UE cannot get the type of the new carrier, UE has to try a variety of possible process, which will increase UE’s complexity.
To mitigate the problem, one possible solution is to introduce higher layers signalling indicating the type of the new carrier.

Proposal 3: Introducing higher layers signalling for indicating the type of the new carrier.
3 Conclusion
In this contribution, we discuss the motivations and scenarios for new carrier types, and observe a number of deployment scenarios for synchronized new carrier type. So we suggest that the new carrier type should include synchronized carrier and unsynchronized carriers in LTE Rel-11. Further consideration is the optimization design for new carrier. Based on above analysis, we make the following proposals:
Proposal 1: The legacy control channels/signals (e.g. PSS/SSS/PBCH/SIB/PCH/PDCCH) and Reduced CRS are not transmitted in synchronized new carrier type.
Proposal 2: Common channels/signals (e.g. PSS/SSS/Reduced CRS) of the new carrier type should be configurable by higher layers signalling.

Proposal 3: Introducing higher layers signalling for indicating the type of the new carrier.
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