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1 Introduction
Design considerations of the new carrier type for operation in synchronized and unsynchronized scenarios have been discussed in several of the prior RAN WG1 meetings. The following agreement from RAN WG1 meeting #67 provides guidance on the distinction between the two scenarios:

“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. 

Specifically for the synchronized carrier scenario, further discussion in RAN1#68bis resulted in the following outcome:

Conclusion:

· Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimisations such as non-presence of PSS/SSS etc.” 

In this contribution we summarize our view on the design of the new carrier type for operation in synchronized carrier scenarios.
2 Discussion
Most of the proposals for different designs for unsynchronized and synchronized new carriers consider turning off the transmission of the PSS/SSS and the tracking RS (TRS) on synchronized new carriers. In the following section we discuss the primary arguments in favor of eliminating these signals from the synchronized new carrier design.
1) Spectral/energy efficiency gains via reduced overhead 

The PSS/SSS occupy two OFDM symbols in 6 PRBs every 5th subframe. For typical bandwidths of 5 or 10 MHz this results in overheads of 0.69% and 0.34% respectively. The maximum overhead is 2.86% for a carrier with a 1.4 MHz bandwidth. Additionally, turning off transmission of the TRS would result in a 0.95% overhead reduction compared to a legacy carrier. Total overhead savings of <2% for typical deployments are quite small and do not seem to merit the introduction of a new design for synchronized new carriers, especially considering that the design for unsynchronized carriers has already been significantly optimized in terms of removing legacy signals and physical channels/SIBs to improve spectral efficiency [1][2].
A similar evaluation may be made with regards to energy efficiency improvement compared to unsynchronized new carriers. It is also noted that for scenarios in which synchronized new carriers may potentially be feasible (intra-band CA scenario #1), legacy carriers are expected to be transmitted by the same eNB, sharing the same RF H/W. Thus the overall energy consumption of the eNB is negligibly impacted by not transmitting PSS/SSS/TRS on the synchronized new carrier as that only represents a small amount of overhead compared to the legacy carrier signals which cannot be turned off. 
2) Improved performance in heterogeneous networks 

It has been proposed that performance may be improved for HetNet deployments by turning off PSS/SSS/TRS in synchronized new carriers compared to deployments utilizing unsynchronized new carriers. As mentioned previously, it is not clear what gains can be achieved relative to unsynchronized carriers which have already greatly reduced the potentially interfering legacy signals and physical channels/SIBs.  Another important consideration is that existing ICIC techniques for legacy carriers were designed to be effective for large CRE biases of 9 dB even in the potential presence of PSS/SSS/CRS/PBCH interference [3]. 
3) Design fragmentation for unsynchronized and synchronized carriers
Introducing configurability to turn off PSS/SSS/TRS transmissions will effectively introduce two different designs for NCT, increasing complexity for the eNB and the UEs. For example, it will be necessary to introduce higher layer signaling indicating whether the new carrier is considered to be synchronized or unsynchronized and potentially introduce different RRM behavior in the two scenarios. Utilizing the same PSS/SSS/TRS structure as the unsynchronized new carriers simplifies the design and importantly removes the need for evaluation and discussion of the assumptions related to synchronized carrier scenarios, including requirements at the UE to achieve correct time/frequency synchronization without the use of the legacy synchronization signals.
4) Applicability of the synchronized new carrier scenarios
A second concern regards the applicability of the synchronized carrier scenario in practice. As mentioned earlier, operating a synchronized new carrier may be possible if both the Pcell and Scell carriers are intra-band and transmitted by the same eNB H/W, including the same RF front-end. However in this case, no clear motivation or benefit is observed for the eNB to operate a new carrier on the Scell which cannot serve legacy UEs. A more realistic scenario for an NCT deployment would be an inter-band deployment where the Scell is on a carrier in a different band from the Pcell. In this deployment scenario, separate RF H/W would be used for the Scell carrier and RRH or repeaters could be added for the Scell depending on the carrier frequency or deployment topology. 
3 Conclusion
Introducing configurability of turning on/off PSS/SSS/TRS for NCT depending on if the new carriers are assumed to be synchronized or unsynchronized with legacy carriers introduces design and implementation complexities with relatively small benefits in terms of overhead reduction, energy efficiency, and performance improvement for HetNet deployments. As a result we suggest the following two proposals:
Proposal 1: It is not necessary to introduce the configurability of turning on/off PSS/SSS/TRS for NCT.
Proposal 2: The same design for transmission of PSS/SSS/TRS for NCT should be used for synchronized and unsynchronized new carrier scenarios.
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