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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. 

For synchronized carriers, the acquisition, synchronization and tracking can depend on the associated backward-compatible carrier. So these issues are specific for unsynchronized carriers. The RRM (RSRP/RSRQ) and path loss measurements are relevant for both synchronized and unsynchronized carriers. In this contribution, we discuss these issues in detail. The other design aspects are discussed in a companion contribution [1].
2 Design Considerations 
Initial acquisition/synchronization

In Rel 8-10, PSS/SSS are used for initial acquisition/synchronization. For synchronized carriers, PSS/SSS is not necessary and can be omitted in the new carrier type. For unsynchronized carriers, signals must be available for cell acquisition and time/frequency synchronization. Rather than defining a new mechanism, the existing PSS/SSS can simply be used, because it is proven to be effective and also has very small overhead.

Proposal 1: Rel-8 PSS and SSS are used for initial acquisition/synchronization for unsynchronized carriers.
To efficiently handle both synchronized and unsynchronized cases, 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 via either broadcast signaling or dedicated higher layer signaling.
Proposal 2: It is configurable whether a carrier of the new type carries PSS/SSS.
Time and frequency tracking

Currently time and frequency tracking is based on CRS, although PSS/SSS may also be useful for time tracking (up to UE implementation). The alternatives to support time and frequency tracking with less overhead in the new carrier type include:
· For synchronized carriers, the time/frequency tracking can depend on the associated backward-compatible carrier, thus no need for CRS to serve this purpose.

· For unsynchronized carriers,
· Reduced CRS: CRS resources can be reduced in order to minimize the overhead while still being able to support time/frequency tracking. A smaller number of antenna ports (e.g. one antenna port only) and small bandwidth could be configured for CRS. It can also be considered whether less frequent transmission of CRS (instead of every subframe) could be sufficient.

· CSI-RS based: In Rel-10 specifications, CSI-RS per antenna occupies 1 RE in a subframe in average, and it can at most be configured as frequent as once every 5 subframes. For time/frequency tracking, comparing the density of CSI-RS to that of CRS, it is likely that CSI-RS could provide sufficient accuracy on time tracking, but it can be questionable for frequency tracking. One solution would be to increase the density of CSI-RS in the time domain (transmitted more often) in order to provide sufficient accuracy for frequency tracking. Similar to reduced CRS, the additional CSI-RS resources needed for tracking purpose can also be configurable, possibly with less antenna ports and smaller bandwidth. This means that, CSI-RS is still configured the same way as in Rel 10 for CSI feedback purposes, but additional CSI-RS resources could be configured in order to facilitate time/frequency tracking.

Measurement
RRM (RSRP and RSRQ) measurement and path loss measurement (based on RSRP) are currently performed based on CRS in the innermost 1.08 MHz. They can possibly be done with a reduced amount of resource through one of the following ways:

· Assuming that the measurement for the new carrier follows that in the associated backward-compatible carrier, CRS is not needed for measurement purposes. This can be used for a synchronized carrier when the new carrier is a relatively small contiguous bandwidth expansion. Note that this option is not applicable to some synchronized carriers, e.g. inter-band CA.
· Reduced CRS: similarly to time/frequency tracking, a smaller number of antenna ports (e.g. one antenna port only), small bandwidth (e.g. only the innermost 1.08 MHz), and less frequent transmission in time can be configured for CRS.
· The measurement can be changed to be made on CSI-RS instead.

No matter whether CRS or CSI-RS is adopted for the new carrier type to support time/frequency tracking and measurement, a good way to accommodate different scenarios is to make it configurable whether CRS is present on the carrier, and how many antenna ports/how much bandwidth/how many subframes are used by CRS or CSI-RS. This provides sufficient flexibility to enable the configured amount of RS resource to be minimized for each scenario.

Proposal 3: It is configurable whether a carrier of the new type carries CRS.
Proposal 4: The amount of CRS or CSI-RS resources should be configurable, including the number of antenna ports, the bandwidth and the subframes.
Demodulation

Currently CRS is used to perform channel estimation for demodulation for TM1-6, while UE-specific DM-RS is used for TM7-9. Since the new carrier type is not backward compatible and serves only Rel 11 UEs and beyond, it is reasonable to assume that these UEs support transmission modes 7 to 9, which are DM-RS based. In this case, CRS is no longer needed for demodulation purpose.
Proposal 5: The new carrier type only supports DM-RS based transmission modes, i.e. TM7-9.
3 Conclusion
We discussed the Acquisition/synchronization/tracking and RS design for the new carrier type, and proposed the following:
Proposal 1: Rel-8 PSS and SSS are used for initial acquisition/synchronization for unsynchronized carriers.
Proposal 2: It is configurable whether a carrier of the new type carries PSS/SSS.
Proposal 3: It is configurable whether a carrier of the new type carries CRS.
Proposal 4: The amount of CRS or CSI-RS resources should be configurable, including the number of antenna ports, the bandwidth and the subframes.
Proposal 5: The new carrier type only supports DM-RS based transmission modes, i.e. TM7-9.
These proposals allow a flexible design for the new carrier type to accommodate both synchronized and unsynchronized scenarios. The configurable parameters can be delivered to the UE via broadcast or dedicated signalling. PSS/SSS/CRS can be removed so to maximize the efficiency for certain deployment scenarios, and they can be configured properly for other scenarios.
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