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1 Introduction
In RAN1 #67, the following working assumption was agreed to:
· 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 paper, we discuss the deployment scenarios noted in the above agreement and the design of the new carrier type so that these scenarios may be addressed.

2 Deployment Scenarios
Potential deployment scenarios for the design of carrier aggregation are listed in TS 36.300 [1]. Since the specification of RS for the additional carrier is the focus of the discussion, it is important to understand the scenarios for which synchronization may have an impact on RS design. The main impact to RS design of interest is the possibility of reductions in RS overhead that go beyond those for the unsynchronized carrier case. Out of the 5 scenarios shown in [1], the only scenario with the potential for such reduction is in scenario 1 where the two carriers are co-located with the same coverage and are in the same band. In other words, the degree of synchronization between the carriers is not the main consideration determining the need for RS on the new carrier in most of the scenarios listed in [1].
Further, as the agreement above states, synchronization is to be considered from a UE perspective. UE complexity should be taken into consideration. Whether a UE can maintain fine synchronization timing on one carrier based on the timing derived from another carrier is clearly an implementation issue. Thus, there could be some UE implementations that depend on RS on the new carrier independent of the degree of synchronization between the carriers. Therefore, the presence of any UEs in the cell that cannot derive fine timing from one carrier and apply it to the other necessitates the network to transmit RS on the new carrier so that all UEs may be able to operate on the carrier.
The current carrier aggregation timing requirements for the eNB already allow the UE to assume that the timing difference between the two carriers is limited to 130 nanoseconds for the intra-band case. In combination with the existing requirements on frequency accuracy for base stations in general [3], carriers in an aggregated deployment are arguably already synchronized to a much greater extent than the general case where there is no restriction on the timing whatsoever. Thus, we could think of both the so-called synchronized and unsynchronized carrier cases being discussed as basically being synchronized to varying degrees or alternatively being two deployment types of an unsynchronised case. 
3 Unified Design
Based on the above discussion, the cases where RS design could be significantly varied due to differences in the degree of synchronization between the carriers (which are already small per current requirements) is a minority of the cases where carrier aggregation may be used in general. Furthermore, the current requirements already reduce the distinction between the synchronized and unsynchronized carrier cases being discussed. It should also be taken into consideration that a non-backward compatible design is a very large step and therefore design for it should be done with the utmost of care. In light of this, it seems best to strive for a single RS design for the new carrier that can cover all of the carrier aggregation scenarios with a new carrier type.

It is shown in [2] that an RS design that occupies one subframe out of every 5 subframes suffices to ensure that synchronization performance on the additional carrier is comparable to or better than the performance achieved in a 1.4 MHz FDD carrier with an MBSFN configuration. Therefore, given the benefits to system and UE implementations of having a single design and the minority of cases where further RS reduction may even be considered, it is beneficial to use a single common design for the unsynchronized and synchronized carrier deployment cases under discussion for the additional carrier type.
4 Proposal

Based on the considerations presented in this document we propose the following:

A single unified design should be used for both the unsynchronized and synchronized deployment cases under discussion for the additional carrier type.
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