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1 Introduction
In RAN1#66bis, the following working assumption was agreed for additional carrier types in Rel-11:

· 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

However, the detailed designs for the new carrier type need to be further studied, including:
· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

In this contribution, we show our views on the open issues for the new carrier types.
2 Discussion
2.1 Synchronization
Generally, the deployment scenarios for additional carrier types can be classified into the following two cases.

Scenario 1: Additional carrier and the associated backward compatible carrier are contiguous.
In TS36.104, it is specified that for intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, timing alignment error (TAE) shall not exceed 130 ns. Given that 130ns is far smaller than the cyclic prefix length, it is reasonable to assume that the DL timing on the additional carrier can be assumed as the same as the DL timing on the backward compatible carrier which is contiguous in frequency to the additional carrier. Moreover, assuming the transmissions on the additional carrier and the backward compatible carrier are generated using a common clock, it is also possible to compensate the frequency error on the additional carrier using the frequency compensation on the backward compatible carrier. Hence, for the contiguous scenario, time and frequency synchronization of the additional carrier can follow the backward compatible carrier. In this sense, Rel-8 PSS/SSS and CRS are not needed on the additional carrier for the purpose of maintaining the time/frequency synchronization on the additional carrier.

Scenario 2: Additional carrier and backward compatible carrier are non-contiguous.
For the non-contiguous scenario, it may include intra-band non-contiguous and inter-band carrier aggregation. For intra-band non-contiguous carrier aggregation, it has not been specified on the TAE requirements between different transmission branches. TS36.104 specifies that for inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 1.3 μs, which is on the same order of the cyclic prefix length. Hence it appears that the DL timing on the additional carrier cannot simply follow that of the associated backward compatible carrier. Two methods can be further studied for the time synchronization on additional carriers.
· Option 1: Rel-8 PSS/SSS and CRS are kept on additional carriers, which ensures that the time synchronization accuracy can satisfy the requirement, since the procedure is the same as Rel-8. 
· Option 2: CSI-RS is used for time synchronization on additional carriers, which needs further evaluation on whether CSI-RS can be sufficient for the purpose of DL timing synchronization.
For frequency synchronization, it is difficult for the additional carrier to rely on the associated backward compatible carrier if the transmissions on these two carriers are using different clocks. This applies to inter-band carrier aggregation, as well as intra-band non-contiguous carrier aggregation with separate RF chains which is still under RAN4 discussion. Further evaluation is needed on the frequency synchronization of the additional carrier in this case, e.g. whether CSI-RS is sufficient for the purpose of frequency synchronization on the additional carrier. 

It shall be noted that one of the main goals of introducing additional carriers is to improve the spectrum efficiency. Hence it is desirable to reduce or even eliminate the Rel-8 PSS/SSS and CRS on additional carriers.
2.2 Mobility measurement 
RSRP/RSRQ are the measurements used to reflect the channel quality for mobility management. In previous releases, Rel-8 CRS is used for RSRP/RSRQ measurement. Given that it is desirable to reduce or even eliminate the Rel-8 control signaling and/or CRS on the additional carrier, it deserves further study on whether mobility measurements (e.g. RSRP/RSRQ) can rely on other signals. RSRP/RSRQ are defined as the average received power of reference signals in the measurement bandwidth. Therefore, any signal with relatively broad transmission bandwidth and sufficient transmission instances in time can be used to measure RSRP/RSRQ. The existing Rel-10 CSI-RS with configurable periods can be considered for RSRP/RSRQ measurement on additional carriers. It shall be noted that comprehensive study may be needed to cover both intra- and inter-frequency measurements in the evaluation of alternative signals for mobility measurements on additional carriers.
Our general considerations for additional carrier types are summarized in Table 1.
Table 1: Considerations for additional carrier types
	
	Contiguous scenario
	Non-contiguous scenario

	Time synchronization
	Follow the backward compatible carrier
	Separate time synchronization
· FFS whether CSI-RS is sufficient or Rel-8 PSS/SSS/CRS shall exist on additional carriers

	Frequency synchronization
	Follow the backward compatible carrier
	Separate frequency synchronization 

· FFS whether CSI-RS is sufficient or Rel-8 PSS/SSS/CRS shall exist on additional carriers

	Measurement
	Preferably base on Rel-10 CSI-RS. Further evaluation needed.
	Preferably base on Rel-10 CSI-RS. Further evaluation needed.

	RS
	1. No Rel-8 PSS/SSS/CRS

2. Preferably to use Rel-10 CSI-RS for measurement
3. Rel-10 DMRS for scheduled PDSCH 
	1. FFS whether Rel-8 PSS/SSS/CRS shall exist on additional carriers
2. Preferably to use Rel-10 CSI-RS for measurement
3. Rel-10 DMRS for scheduled PDSCH


3 Conclusions
In this contribution, we discuss the time/frequency synchronization and mobility measurement of addition carriers with following observations:

Observation 1: When the additional carrier and the associated backward compatible carrier are contiguous in frequency, the time and frequency synchronization on the additional carrier can follow the backward compatible carrier, considering the currently specified requirements in RAN4.

Observation 2: When the additional carrier and the associated backward compatible carrier are non-contiguous in frequency, separate time/frequency synchronization is expected on the additional carrier.
Observation 3: It is preferable to evaluate whether Rel-10 CSI-RS is sufficient for measurements, as well as  time/frequency synchronization, on additional carriers.
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