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1 Introduction
During RAN1#66bis meeting, the following conclusion was drawn regarding the motivation for introducing additional carrier types.
Conclusion:

From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 

Based on the conclusion, working assumptions were further made to introduce new carrier type(s) in Rel-11.
Working assumptions:

· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded. 

Here we discuss the issues to be considered for the design of the new carrier type, and propose a framework. Note that the discussion is focused on the DL only in this contribution.
2 Design Considerations 
The main motivations identified for introducing a new carrier type are enhanced spectral efficiency, improved support for HetNet, and energy efficiency. In order to achieve these goals, the following would be needed.
· Enhanced spectral efficiency

· Legacy control signalling (e.g. PSS/SSS/PBCH/SIB) and/or CRS can be reduced or eliminated to improve the spectral efficiency. CRS would be the biggest contributor among all these factors.
· E-PDCCH can be adopted instead of PDCCH to improve the spectral efficiency of the DL control channel.

· Improved support for HetNet

· This would require removing the legacy PDCCH, and possibly CRS, so that the time domain interference coordination eICIC is no longer needed.

· Energy efficiency

· If 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.
Considering all these factors, it becomes clear that it is necessary for the new carrier type to support a mode without PBCH/Release-8 SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH in order to achieve the three main design goals. This mode aligns with the properties of extension carriers and carrier segments that were previously discussed.

Proposal 1: The new carrier type should support a mode that operates without PBCH/SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH.

However, it is also understood that in certain scenarios, it may not be possible to completely omit all these control signalling/channels. PBCH/SIB/Paging can always be delivered on the associated backward-compatible carrier. But other channels CRS/PSS/SSS/PCFICH/PHICH/PDCCH still need some further investigation.
2.1 PCFICH/PHICH/PDCCH

If legacy PDCCH is not present on the new carrier, the scheduling can be done through one of the following two ways:

· Cross-carrier scheduling from the associated backward-compatible carrier: this may raise some concern on the PDCCH capacity on the associated carrier.

· E-PDCCH: a working assumption was agreed upon during RAN1#66bis that E-PDCCH will be introduced, and one of the considerations was exactly the new carrier type. E-PDCCH can be used on the new carrier type so as to improve the PDCCH capacity and provide interference coordination on the control channel. It also alleviates the capacity issue on the associated carrier compared to the previous option.
However, whether PHICH and PCFICH can be removed is still questionable. If cross-carrier scheduling is used, there is no need for PHICH (and PCFICH) on the new carrier, because the HARQ-ACK feedback is sent on the associated backward-compatible carrier. If E-PDCCH is used, the immediate question is whether a new design is needed for PHICH in order to achieve similar interference coordination capability on the frequency domain for PHICH. An example of such a new design is presented in [2].
The PCFICH information can already be provided semi-statically in Rel-10 for cross-carrier scheduling cases. It is not obvious that any further solution is necessary. 
Proposal 2: Legacy PDCCH is not needed for the new carrier type. It is FFS whether there is the need to design a new PHICH for the new carrier type.
2.2 PSS/SSS
PSS/SSS carries the cell ID, cyclic prefix length, and the synchronization information. Cell ID and CP length can always be signaled to the UEs on the associated backward-compatible carrier. The major concern is about the initial synchronization, but PSS and SSS can also be useful for time tracking.

In some scenarios, it can be assumed that the new carrier type follows the synchronization of the associated backward-compatible carrier. This is possible when the carriers are within the same band and accurately synchronized in time and frequency. However, the following scenarios have been identified as the ones that may have the need for PSS/SSS.

1. Non-synchronized CCs (non-colocated CCs or one CC with RRH/repeater)
In Rel-11, multiple TA groups are introduced to support the scenarios where the component carriers are not synchronized. As one example, when the CCs are not co-located, the signals from different CCs arrive at the UE at different times. As another example, if there is RRH/repeater on one CC only, the transmission time difference between CCs can be quite large (e.g. on the order of milliseconds). If the new carrier type is to support these scenarios as well, it cannot be simply assumed that the new carrier is fully synchronized with the associated backward-compatible carrier.
2. Inter-band carrier aggregation
The current requirement on the timing alignment error for inter-band carrier aggregation is 1.3 µs [1]. Therefore, it may not be a concern for the initial timing acquisition. However, the initial frequency estimation is not available without PSS/SSS if no appropriate replacement is provided.
It should be further discussed whether the new carrier type should support these scenarios. If these scenarios are to be supported, it is mandatory that there is a mechanism for time/frequency synchronization on the new carrier. Rather than defining a new mechanism, the existing PSS/SSS can simply be used. Whether PSS/SSS exists on the new carrier can be configurable, and the configuration can be sent to the UE on the associated backward-compatible carrier. By making this configurable, the new carrier type can readily support different deployment scenarios.
Proposal 3: If the new carrier type needs to support the scenarios that require PSS/SSS for synchronization, it can be configurable whether the new carrier type carries PSS/SSS.
2.3 CRS
CRS serves multiple purposes, including channel estimation for demodulation, RRM (RSRP and RSRQ), path loss measurement, and time/frequency tracking. UE-specific DM-RS, introduced in Rel-10, can be used to replace CRS for demodulation purpose. RRM and path loss measurement can possibly be done without CRS through one of the following two ways:
· Assume that the measurement for the new carrier follows that in the associated backward-compatible carrier; this can be used when the new carrier is a relatively small contiguous bandwidth expansion.
· The measurement can be changed to be made on CSI-RS instead.

In the scenarios where the time/frequency tracking can depend on the associated backward-compatible carrier, no CRS is needed. For other scenarios, it still needs further investigation whether the time/frequency tracking using other mechanisms (e.g. based on CSI-RS) would be sufficient without CRS. Considering the density of CSI-RS compared to that of CRS, it is likely that CSI-RS can provide sufficient accuracy on time tracking, but not frequency tracking. If it is concluded that CRS is needed for time/frequency tracking purpose for a certain scenario, reduced resources can be used for CRS to improve the efficiency. Less number of antenna ports and smaller bandwidth (e.g. only the innermost 1.4 MHz) can be configured for CRS.
A good way to accommodate different scenarios is to make it configurable whether CRS is carried in the new carrier, and how many antenna ports/how much bandwidth are used by CRS. CRS can be configured with the minimum amount of resource only when it is needed. This would also enable a smooth transition from CRS based carriers towards CSI-RS and DM-RS based carriers.
Proposal 4: If it is concluded that CRS is needed for time/frequency tracking purposes in some scenarios, it can be configurable whether the new carrier type carries CRS. The number of antenna ports and the bandwidth used by CRS can also be configurable, and should be minimised.
3 Conclusion
We discussed the design considerations for the new carrier type, 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.

Proposal 2: Legacy PDCCH is not needed for the new carrier type. It is FFS whether there is the need to design a new PHICH for the new carrier type.

Proposal 3: If the new carrier type needs to support the scenarios that require PSS/SSS for synchronization, it can be configurable whether the new carrier type carries PSS/SSS.
Proposal 4: If it is concluded that CRS is needed for time/frequency tracking purpose in some scenarios, it can be configurable whether the new carrier type carries CRS. The number of antenna ports and the bandwidth used by CRS can also be configurable, and should be minimised.
These proposals allow a flexible design for the new carrier type to accommodate all relevant different scenarios. The configurable parameters can be delivered to the UE via higher layer signalling. For certain deployment scenarios (e.g. small bandwidth expansion), all the legacy control signalling and CRS can be removed so to maximize the efficiency. For other deployment scenarios, PSS/SSS/CRS can be configured only when they are necessary.
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