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1. Introduction 
In Rel-11 timeframe, new carrier types (NCT) were studied and some conclusions were reached. Two types of NCT are identified for further study, one is synchronized NCT and the other is un-synchronized NCT.  The definitions of these two types of NCT were agreed in RAN1 #67 meeting:
· 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).
At RAN1 #71 meeting, a number of contributions on synchronized NCT were submitted [1]-[12], discussing mainly a number of remaining issues as below. However, due to meeting arrangement, no meeting time was allocated for this subject
· The need to transmit PSS/SSS/TRS on synchronized NCT
· Scenarios for synchronized NCT
In this contribution, our views on those remaining issues for synchronized NCT are presented. 

2. Discussion 
From the discussion presented in the contributions, it seems the common understanding is that synchronized NCT is a NCT which is in the same band as the associated legacy carrier, and considered co-located with legacy carrier, while on the other side, un-synchronized NCT is from different band from its associated legacy carrier and may not be co-located with the legacy carrier. 
2.1. Scenarios for synchronized NCT
As discussed in some contributions, a couple of scenarios could be identified for synchronized NCT. One is for small cell deployment [4] where multiple carriers are supported by small cell. One of them is legacy carrier, while the rest could be NCT which is synchronized with this legacy carrier. In another scenario as described in [6], synchronized NCT is used for contiguous bandwidth expansion and is considered as a carrier consisting of fragment spectrum and part of the existing LTE band without guard band in between, as shown in (b) of Figure 1.
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Figure 1: Illustration of Overlapping CA without guard band using new carriers
2.2. Design consideration for synchronized NCT

For un-synchronized NCT, it was agreed in Rel-11 that 
· For non-synchronized new carriers:
· Working assumption: Rel-8 PSS/SSS sequences are transmitted
· It carries 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity
Correspondingly, the remaining issue for synchronized NCT is that whether PSS/SSS/TRS need to be transmitted or not.  
2.2.1. PSS/SSS/TRS transmission on synchronized NCT

According to the definition of synchronized NCT, it is fully synchronized with its associated legacy carrier in both time and frequency, therefore, there is no need to transmit PSS/SSS for synchronization and use tracking RS (TRS) for tracking.  On the other hand, as PSS/SSS are only transmitted twice in a radio frame in the central 6 PRBs, the overhead reduction if they are not transmitted is quite trivial. TRS however on the other side, may require more overhead even with reduced number of CRS ports and density.  To solve this, three alternatives could be considered, one is not transmit synchronized PSS/SSS, one is to always transmit PSS/SSS, one is to make the transmission of PSS/SSS/TRS on synchronized NCT configurable. The pros and cons are summarized in Table 1.
	PSS/SSS/TRS transmission options on synchronized NCT
	Pros 
	Cons

	Not transmit
	Marginal overhead saving mainly due to TRS  
	UE needs to be informed about synchronized NCT. 

	Always transmit
	Unified design for synchronized and un-synchronized NCT. UE may not need to be informed if NCT is synchronized or non-synchronized. 
	Marginal overhead. May have issue with scenario of NCT as proposed in [6]

	Configurable transmission
	Flexible in configuring PSS/SSS/TRS transmission
	Increased configuration complexity


Table 1: Comparison of PSS/SSS options for synchronized NCT
Considering the pros and cons for each option, we lean towards either always transmitting PSS/SSS/TRS on synchronized carrier or make it configurable. This is mainly based on the consideration that not transmit PSS/SSS on synchronized NCT may not save much in overhead, and yet it requires to inform UE whether a NCT is synchronized or not. For the transmission of TRS (CRS with reduced density), as will be discussed in the next section, it may need to be transmitted for RRM measurement. For scenario of NCT as described in [6], as will be discussed later, we feel it is better to considered this as a separate case from synchronized NCT with guard band. 
Proposal:

· Always transmit PSS/SSS/TRS on synchronized NCT to make a unified design for synchronize NCT and un-synchronized NCT. 

· Alternatively, consider the transmission of PSS/SSS/TRS on synchronized NCT  configurable. 
2.2.2. Transmission of CRS on synchronized NCT for RRM
As mentioned in previous section, there is no need to transmit CRS for synchronized tracking purpose on synchronized NCT as it is fully synchronized with its associated legacy carrier. However, another purpose of transmitting CRS is for RRM measurement.  For this matter, there are different opinions on the pros and cons for transmitting or not transmitting CRS on synchronized NCT, which could be summarized as below

· Not transmit CRS on synchronized NCT. For this option,  in addition to some overhead reduction, it will facilitate the operation in Hetnet scenario. As in this case, without CRS,  ABS will beome full blank subframe, which removes the interference between macro and pico cells on CRS. It could also improve the power efficiency as UE may not need to listen to such subframes for CRS.  
· Transmit CRS on synchronized NCT. For this option, CRS could be used to measure RRM for each carrier including synchronized NCT as in general, the RRM measurement on each carrier ,even they are synchronized, could be different due to different interference. That may be particular true in small cell deployment scenario where inter-cell interference could be strong and different small cell may activate/deactivate different carriers.  This option also allows the transmission of CRS aligned with that for un-synchronized NCT. 

In light of that, at this stage we prefer the following proposal

Proposal:

· Transmit CRS on synchronized NCT for RRM measurement

· The configuration of CRS on synchronized NCT is the same as that on un-synchronized NCT

2.3. Consideration on contiguous spectrum expansion

In [6], a spectrum utilization scenario is described. The main focus is to utilize the fragment spectrum  contiguous to the existing LTE spectrum, which may or may not form a system bandwidth itself that is currently supported in LTE.  To make it easy to utilize such fragment spectrum, it is proposed to consider a new type of NCT which has no guard band to its contiguous LTE spectrum. In fact, such NCT consists of such new fragment spectrum and part of the exiting LTE spectrum to form a bandwidth that is currently supported by LTE. One benefit of using such a way to utilize fragment spectrum is that it does not need to introduce new bandwidths that LTE need to support, which will reduce the standard efforts mainly on performance testing.  The new UE could access the legacy LTE carrier first before being configured to use such NCT.  As the fragment spectrum is contiguous to the existing LTE spectrum, it certainly synchronizes with the legacy LTE carrier. 
Such scenario is definitely important during the re-farming practice of the operators, especially for those that own many of such fragment spectrum. The proposed way of utilizing such spectrum is also quite straightforward and may reduce the impact to current LTE design and testing.  However, we feel to view this as part of synchronized NCT may make the design of synchronized NCT a bit more complicated and impact the decision for other types of synchronized NCT. Because this type of NCT, even share some characteristic as the other conventional synchronized NCT (with guard band), may still have its own distinct issues, which needs to be resolved separately.  For example, for such type of synchronized NCT,  as it consists part of existing legacy LTE spectrum, it may not be able to transmit its own common channels and signals such as PSS/SSS/CRS as they could collide with those transmitted on the legacy LTE carrier. To accommodate such restriction, all synchronized NCT may be forced to not transmit PSS/SSS/TRS, which may not be necessary for those conventional synchronized NCT with guard band.  Even if this issue is resolved, some other design aspects may need to be considered in order to make such new type synchronized NCT function. For example, the following issues such as how to do the resource allocation and where to transmit the control signal still needs to be addressed.  In light of that, we prefer to separate this new type of synchronized NCT from the conventional synchronized NCT (with guard band) and distinguish it as aggregation of carrier segment (with no guard band)
Proposal:

· Prefer to consider utilizing contiguous fragment spectrum a separate case from conventional synchronized NCT with guard band and refer this as aggregation of carrier segment. 
3. Conclusions

In this contribution, some aspects on synchronized NCT are discussed and our views and preference are provided, which could be summarized as follows. 
Proposal:

· Always transmit PSS/SSS/TRS on synchronized NCT to make a unified design for synchronize NCT and un-synchronized NCT. Alternatively, consider the transmission of PSS/SSS/TRS on synchronized NCT  configurable. 

· Transmit CRS on synchronized NCT for RRM measurement

· The configuration of CRS in synchronized NCT is the same as that of un-synchronized NCT.

· Prefer to consider utilizing contiguous fragment spectrum a separate case from conventional synchronized NCT with guard band and refer this as aggregation of carrier segment. 
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