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1 Introduction

In the last meeting RAN1#67, it has been briefly discussed the issue of synchronisation for the additional carrier type in Release 11. The conclusion was as follows:

· 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.

In this contribution, we discuss some possible solutions for maintaining the time and frequency synchronisation on both synchronized and unsynchronized additional carriers for Release 11.
2  Synchronized carriers

Synchronized carriers imply that the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver. The scenarios which are applicable are intra band CA case (e.g. carrier aggregation deployment scenario #1 defined in [13]) where transmission points of the legacy carrier (i.e. Pcell) and additional carrier (i.e. Secondary cell) are collocated and the timing reception at the UE and frequency error due to Doppler shift are almost the same for the Pcell and Scell. Therefore, the time and frequency synchronisation of the additional carrier can be derived from synchronisation signals and reference signals locating on the backward compatible primary cell (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: For synchronized carriers, the time and frequency synchronisation should be based on the backward compatible primary cell (Pcell). Therefore, for synchronisation purpose, there is no need to transmit the legacy synchronisation signals (PSS/SSS) and common reference signals (CRS) in the subframes of the additional secondary cell.

3  Unsynchronized carriers

Unsynchronized carriers imply that the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers. The scenarios which are applicable are inter band CA (e.g. carrier aggregation deployment scenario #2 defined in [13]) and other cases where transmission points of Pcell and Scell are geographically separated (applicable to both intra and inter band CA scenarios). In these cases, the timing reception and/or Doppler shift at the UE could be different for Pcell and Scell, therefore some synchronization solutions are necessary. 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 additional component carrier (i.e. Scell) as follows:
Option-1: Rel-8 PSS/SSS signals transmitted on the Additional carrier: Rel-8 PSS/SSS could 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 if their subframes are aligned causing significant inter-cell interference. Another disadvantage is that PSS/SSS signals are transmitted twice per 10ms radio frame with equal distance separation of 5ms (e.g. in FDD on subframes 0 and 5), and that distance has an impact on the performance of time and frequency tracking for medium and high mobility UEs. However, for the additional component carrier, it may be adequate to support only low mobility assuming complementary deployments with legacy carrier types [9].

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 of different cells could be placed in different subframes in order to avoid inter-cell interference disadvantage mentioned in Option-1 above. For example Pcell informs UE in advance about the location of PSS/SSS by signalling the time and frequency location explicitly, or signalling a pre-defined ‘configuration index’ from which the time and frequency location can be inferred.
Option-3: Reduced Release 8 CRS: If it is not feasible to eliminate completely the CRS, it should be possible to reduce the legacy CRS overhead based on frequency domain density, time domain density, antenna ports density or their combinations. For example it should be possible to transmit CRS for one antenna port with reduced bandwidth of 6RBs in the first OFDM symbol of the subframe. In addition, in order to avoid inter-cell interference, it should be possible to make the location of RBs carrying the CRS configurable within the system bandwidth. Another example is to transmit CRS of one/two antenna ports in the first OFDM symbol in full bandwidth of all subframes.
Option-4: Un-precoded DMRS: Un-precoded 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 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 RBs carrying the un-precoded DMRS configurable within the system bandwidth. These RBs carrying the un-precoded DMRS can also be used to transmit some common control information for all UEs monitoring the additional component carrier. 
Option-5: Enhanced CSI-RS: Another option is to apply enhanced CSI RS with reduced periodicity for maintaining the time and frequency synchronisations of the additional component carrier. 
Table 1. Pros and cons of each option
	
	Pros
	Cons

	Option-1
	-Suitable for acquisition purpose

-Good performance for acquisition

-Reuse existing Release-8 signals

	-Probably not suitable for tracking purpose due to 5ms separation of PSS/SSS signals
-It causes significant inter-cell interference if subframes of different neighbouring cells are aligned.

	Option-2
	-Suitable for acquisition purpose

-Good performance for acquisition

-Less inter-cell interference compared to Option-1 when subframes of different neighbouring cells are aligned.

	-Probably not suitable for tracking purpose due to 5ms separation of PSS/SSS signals.

-Introduction of new locations of PSS/SSS signals in the subframe

-Additional signalling to inform UE about the location of PSS/SSS signals if necessary.

	Option-3
	-Suitable for tracking purpose

-Good performance for tracking
	-It may not be suitable for acquisition purpose

-Interference of CRS still exist in HetNet Scenarios

	Option-4
	-Suitable for tracking purpose
-Reusing existing DMRS structure
	-Not suitable for acquisition purpose

-Some signalling is needed to inform UE in advance about configuration parameters

	Option-5
	-Suitable for tracking purpose

-Reusing existing CSI-RS structure 
	-Not suitable for tracking purpose

-Increased overhead of the CSI-RS 

-Some signalling is needed to inform UE in advance about configuration parameters 


Proposal 2: For unsynchronized carriers, in order to maintain the time and frequency synchronization of the additional component carrier (i.e. Scell), it is proposed to investigate further options 1-5 described above and their combinations. 
Conclusion
In this contribution, we have discussed some possible solutions for the issues of time and frequency synchronisations for synchronized and unsynchronized carriers of the additional carrier in Release 11. We have the following two proposals:

Proposal 1: For synchronized carriers, the time and frequency synchronisation should be based on the backward compatible primary cell (Pcell). And for synchronisation purpose, there is no need to transmit the legacy synchronisation signals (PSS/SSS) and common reference signals (CRS) in the subframes of the additional secondary cell.

Proposal 2: For unsynchronized carriers, in order to maintain the time and frequency synchronization of the additional component carrier (i.e. Scell), it is proposed here to investigate further options 1-5 described in section 2 and their combinations. 
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