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1 Introduction
During RAN1#67 meeting, the following conclusion was drawn regarding the scenarios to be supported by the additional carrier types.
Conclusion:

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 carriers, and synchronized new carriers were not being discussed much. In this contribution, we focus on the synchronized new carriers and present our views on the design principles.
2 Design Considerations 
One of the necessary conditions for synchronized carriers is that the carriers should be collocated. For some synchronized carriers, the new carrier can completely rely on the associated backward compatible carrier for synchronization/tracking/RRM measurements. Therefore, it can be designed without PBCH/Release-8 SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH. 

With the removal of all these channels/signalling, it provides enhanced spectral efficiency, improved support for HetNet, and energy efficiency, which were identified as the main motivations for introducing a new carrier type.

1) Enhanced spectral efficiency

· Removing legacy control signalling (e.g. PSS/SSS/PBCH/SIB) and CRS improves the spectral efficiency. CRS is the biggest contributor among all these factors.

· ePDCCH can be adopted instead of PDCCH to improve the spectral efficiency of the DL control channel.

2) Improved support for HetNet

· When the legacy PDCCH and CRS are removed, the time domain interference coordination eICIC is no longer needed.

3) 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 eNB can enter sleep mode throughout the subframe, thus saving power.

This mode is especially useful at supporting a small carrier expansion that is contiguous with the existing carrier, which is of interest to operators when performing the spectrum refarming. Considering the benefits and the importance of the use cases, we think it is necessary for the new carrier type to support this mode without PBCH/Release-8 SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH.

Proposal 1: The new carrier type shall support a mode that operates without PBCH/SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH. In this case it is assumed that all RRM measurements, synchronization and tracking are performed on the associated backward compatible carrier. 

To support this, RRC configuration signalling would need to be provided to configure a UE with the carrier frequency of the new carrier (possibly using an offset relative to the associated backward compatible carrier) and the nominal bandwidth. This RRC signalling would also have to inform the UE that the carrier contained none of the channels/signals listed above. 
As mentioned earlier, this operating mode is very useful for a contiguous carrier expansion. We would like to further elaborate on it.
1) With all wideband signals/channels removed, the carrier operation no longer depends much on the carrier bandwidth from RAN1 perspective. For example, even if the carrier bandwidth is defined as 3 MHz, the signals can be easily restricted to 2 MHz bandwidth by scheduling PDSCH (and PUSCH if UL is configured) within the desired bandwidth. Some RAN1 definitions (e.g. subband size) still depend on the carrier bandwidth, which may put certain constraints on the supportable bandwidth. But overall flexibility is greatly improved, compared to only 6 defined carrier bandwidths in Rel-8/9/10. Therefore this type of new carrier can be used virtually for any available frequency fragments. RAN4 might need to study whether a generic RF performance requirement can be specified for an arbitrary number of scheduled PRBs.
2) One significant advantage of this operation mode for the contiguous carrier expansion is that it potentially allows the removal of the guard band between carriers. As illustrated in Figure 1(b), if CC2 is defined as a new carrier with the above operating mode, the carrier bandwidth of CC2 can overlap with CC1. However, the actual bandwidth in use for CC2 is smaller (purely being handled by PDSCH scheduling) and does not overlap with the usable bandwidth of CC1. It is possible that only one filter is needed for the combined bandwidth of CC1 and CC2. Removing the guard band can greatly improve the spectrum utilization, especially when the frequency fragment for expansion is small.
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Figure 1 Illustration of Overlapping CA without guard band using new carriers
Observation 1: The mode in Proposal 1 is particularly useful for contiguous carrier expansion which provides great flexibility and efficient spectrum utilization with the possible removal of the guard band.
However, the mode in Proposal 1 may or may not be appropriate for all the synchronized carriers. Although it is not yet determined which scenarios may be considered as synchronized carriers (which may need RAN4 input), the scenarios for synchronized carriers (all collocated) other than the contiguous carrier expansion may include:
· Intra-band non-contiguous CA

· Some cases of inter-band CA with small inter-band separation
For synchronized new carriers, PSS/SSS/CRS are not needed for synchronization and tracking purpose, by definition.

Moreover, PBCH/SIB/Paging can always be delivered on the associated backward-compatible carrier. Similarly, cell ID and CP length, which is currently carried by PSS/SSS, can also be signaled to the UEs on the associated backward-compatible carrier.
As discussed in [1], legacy PDCCH is not needed for the new carrier type. An enhanced PHICH design should be considered for the new carrier type to be used together with ePDCCH. So it is possible to operate without PCFICH/PHICH/PDCCH.
The question left is whether the RRM measurements can rely on the backward compatible carrier for all synchronized scenarios. It needs some further investigation to understand if sufficiently accurate RRM measurements can also be assumed when sufficient time/frequency synchronization accuracy can be achieved. If yes, CRS would not be needed for RRM measurement purpose on the new carrier, the operating mode in Proposal 1 would be sufficient for all synchronized carriers; otherwise CRS or an appropriate substitute would be needed for RRM measurement. In the latter case, a common design with unsynchronized carriers may be considered to simplify the design.
3 Conclusion
We discussed the design considerations for the synchronized new carriers, and proposed the following:
Proposal 1: The new carrier type should support a mode that operates without PBCH/SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH. In this case it is assumed that all RRM measurements, synchronization and tracking are performed on the associated backward compatible carrier. 
To support this, RRC configuration signalling should be provided to configure a UE with the carrier frequency of the new carrier. 
Observation 1: The mode in Proposal 1 is particularly useful for contiguous carrier expansion which provides great flexibility and efficient spectrum utilization with the possible removal of the guard band.
It is for further study whether this mode would be sufficient for all the synchronized scenarios.
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