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1 Introduction

In the last meeting, it has been agreed to introduce at least one new carrier type in Release 11 with the motivation of enhanced spectral efficiency and improved support of HetNet and energy efficiency. The conclusion and agreed working assumptions are as follows:

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 HetNet
· Energy efficiency

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

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.

From the above working assumptions, the main issue is how to realise the reduction or elimination of overhead caused by legacy control signalling and common reference signals (CRS) for the additional carrier type. An additional carrier type could be an extension carrier or carrier segments. If CRS are completely removed from the extension carrier type, there might be an impact on maintaining the time and frequency synchronisation. However, for the carrier segments, there is no foreseeable impact as there is always some CRS that are present in the middle of the system bandwidth. Therefore, in this contribution, we discuss some possible solutions for maintaining the time and frequency synchronisation on the extension carrier with reduced or eliminated CRS in Release 11.
Time frequency synchronisations on the extension carrier 
Based on the agreed working assumptions from the last meeting, the extension carrier should be associated with a backward compatible carrier; therefore, as discussed in [4], we think that there are two practical CA scenarios where synchronization in time and frequency are needed for Release 11 UEs.
· Intra band CA case where transmission points of backward compatible carrier (Pcell) and non-backward compatible carrier (Scell) are collocated and accurately synchronized in time and frequency.

· Inter band CA case and Intra band CA where transmission points of backward compatible carrier (Pcell) and non-backward compatible carrier (Scell) are geographically separated and accurately synchronized in time and frequency.
1.1 Intra band CA case where transmission points of Pcell and Scell are collocated

In this scenario of intra band CA case where transmission points of Pcell and Scell are collocated and accurately synchronized in time and frequency, the timing reception at the UE and frequency error due to Doppler shift will almost be the same for the Pcell and Scell. Therefore, the time and frequency synchronisation can be derived from synchronisation signals and reference signals locating on the backward compatible carrier (Pcell). This means that the carrier frequency, cell ID and system information can be signaled to the UE from the primary cell (Pcell). In addition, it has been proposed [2] to enable RRC signaling of downlink cyclic prefix length (normal/extended) of Scell to the UE and also the UE shall use the synchronization of the Pcell to acquire/maintain time and frequency synchronization of the Scell.
Proposal 1: Intra band CA case where transmission points of Pcell and Scell are collocated, the time and frequency synchronisation should be based on the backward compatible carrier.
Proposal 2: Intra band CA case where transmission points of Pcell and Scell are collocated, there is no need to transmit the legacy synchronisation signals (PSS/SSS) and common reference signals (CRS) in the subframes of the extension carrier.
1.2 Inter band CA case and Intra band CA case where transmission points of Pcell and Scell are geographically separated
In this scenario of inter band CA case and intra band CA where transmission points of Pcell and Scell are geographically separated, there is no mechanism that provides synchronisation for the Scell for Release 11 UEs. Same as in section 2.1, the carrier frequency, cell ID, cyclic prefix length and system information can be signaled to the UE from the primary cell (Pcell). However, in case of inter-band CA with collocated, the reception timing at the UE may be the same for Pcell and Scell, but, Doppler shift will be different. So, a solution is needed. For inter-band CA and intra-band CA, with non-collocated cases, the reception timing at the UE will be different for Pcell and SCell, and Doppler shift will also be different. So, some solutions are necessary. Therefore, we think that some kind of known signals transmitted from the Scell are needed for maintaining the time and frequency synchronization at the UE. There are several possibilities depending on which signals are to be transmitted from the extension carrier (i.e. Scell) as follows:
Option-1: Rel-8 PSS/SSS signals transmitted on the extension carrier: Rel-8 PSS/SSS can be used for maintaining the time and frequency synchronization of the Scell. In this Option-1, the disadvantage is that the location of PSS/SSS is fixed meaning that different cells transmit on the same location causing significant interference to each other. In FDD, PSS and SSS signals are always transmitted on subframes 0 and 5 in time domain which are quite apart, and, therefore, the performance of time and frequency tracking has to be evaluated and verified for Release 11 UEs.
Option-2: Flexible locations for PSS/SSS signals: Introduce new flexible locations for PSS/SSS signals for maintaining the time and frequency synchronization of the Scell. The PSS/SSS signals can be placed in the control region of some subframes in order to avoid inter-cell interference of the synchronisation signals. For example, in FDD, SSS and PSS can be placed on the first and second OFDM symbols respectively of subframes 1 and 6 in time domain. Further more, it should be possible to design multiple configurations by placing the synchronisation signals of different cells on different subframes in time domain.

Option-3: Reduced Release 8 CRS: If it is not feasible to eliminate completely the CRS, it should be possible to reduce the CRS overhead based on frequency domain density, time domain density, antenna ports density and or their combinations. For example the transmission bandwidth of the legacy CRS can be reduced to 6RBs and transmitted only in the control region of each subframe on the extension carrier (i.e. keeping CRS locating in the first and second OFDM symbols of the subframe). In addition, in order to avoid inter-cell interference, it should be possible to make the location of 6RBs carrying the CRS configurable for system bandwidths equal or larger than 12PRBs.
Option-4: Un-precoded DMRS: Un-precoded Rel-10 DMRS with fixed bandwidth can be used for maintaining the time and frequency synchronization of the Scell. The bandwidth of the un-precoded DMRS pattern can be further reduced, for example, to 6RBs on the control region of each subframe on the extension carrier (i.e. on the first and second OFDM symbols of the subframe). One possible way is to introduce  a new DMRS pattern on the control region of the subframe as discussed in [8]. In addition, in order to avoid inter-cell interference, it should be possible to make the location of 6RBs carrying the un-precoded DMRS configurable for system bandwidths equal or larger than 12PRBs. These 6RBs carrying the un-precoded DMRS can also be used to transmit some common control information for all UEs monitoring the extension carrier.
Option-5: Enhanced CSI-RS: Another option is to apply enhanced CSI RS with reduced periodicity for the purpose of tracking time frequency synchronisations of the extension carrier.
Proposal 3: For intra band and inter band CA scenarios regardless whether transmission points of Pcell and Scell are collocated or geographically separated, the carrier frequency, cell ID, cyclic prefix length and system information of the Scell (Extension carrier) are always signaled to the UE from the primary cell.
Proposal 4: For inter band CA case and intra band CA case where transmission points of Pcell and Scell are geographically separated, in order to maintain the time and frequency synchronization of the Extension carrier (Scell), it is proposed to select one of the options 1-5 described above or combination of some of the options. 
Conclusion
In this contribution, we have discussed some possible solutions for the issues of time-frequency synchronisations and mobility measurements on the extension carrier in Release 11. We have the following proposals:

Proposal 1: For intra band CA case where transmission points of Pcell and Scell are collocated, the time and frequency synchronisation should be based on the backward compatible carrier.

Proposal 2: For intra band CA case where transmission points of Pcell and Scell are collocated, there is no need to transmit the legacy synchronisation signals (PSS/SSS) and common reference signals (CRS) in the subframes of the extension carrier.

Proposal 3: For intra band and inter band CA scenarios regardless whether transmission points of Pcell and Scell are collocated or geographically separted, the carrier frequency, cell ID, cyclic prefix length and system information of the Scell (Extension carrier) are always signaled to the UE from the primary cell. 

Proposal 4: For inter band CA case and intra band CA case where transmission points of Pcell and Scell are geographically separated, in order to maintain the time and frequency synchronization of the Extension carrier (Scell), it is proposed to select one of the options 1-5 described in section 2.2 or combination of some of the options.
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