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1
Introduction
It was previously decided to introduce at least one new carrier type (in the context of carrier aggregation) in Rel-11 with at least reduced or eliminated legacy control signaling and/or CRS. 
In the design of the new carrier type, support shall be provided for operation in both of the 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), and unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers). In this document we address the aspects related to reference signals for the new carrier type in the synchronized case. 
2
Discussion
In legacy systems, PSS/SSS are used for cell identification, while CRS is utilized for time and frequency tracking, channel estimation for CSI feedback and demodulation, and RRM measurements. While being a part of those important functionalities, PSS/SSS/CRS also impose overhead in system operation. The question of interest for the design of the synchronized new carrier type in the context of carrier aggregation is whether operation can be maintained with the elimination of these signals. 

Assumably, time and frequency tracking can be performed based on the legacy carriers DL signal, and the assumption is that the new carrier is synchronized with high enough accuracy both in frequency and time.  For this determination, the signal at the receiver needs to be considered as opposed to the signal at the transmitter. 

Even if the received signal is perfectly synchronized, it is not immediately obvious without verification that the UE is capable to transfer frequency and timing from one receive chain to another receive chain without incurring any error.  This would assume, for example, that the RF delays in the two receive chain are equal or at least that the difference, if there is any, is perfectly known to the UE.  Although this should be verified, we will assume here that such perfect frequency and time transfer is possible. 
2.1
Need for PSS/SSS/CRS
One reason to have PSS/SSS is to identify cells and acquire their frequency and timing.  In the synchronized case, these quantities are assumed to be known, so obtaining them does not necessitate the use of PSS/SSS. 

However, another reason for having PSS/SSS is to identify neighbor cells. It is not clear whether the new carrier being synchronized obviates the need for identifying neighbor cells. One example for a case where identifying neighbor cells is needed is shown in Figure 1. 
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Figure 1  Example interference scenario
In the case shown in Figure 1, two base stations operate NCT on the same carrier, while they operate backward compatible CCs on different carriers.  In this case, the measurements on the backward compatible carrier will not reflect interference conditions on the NCT.  To obtain this information, measurements should be enabled on the NCT, which necessitates using synchronization and reference signals. 
Another reason for using synchronization and reference signals is to enable ANR and/or SON on the NCT. 

Proposal 1: 

In order to enable robust measurement of neighbors on the synchronized NCT, the same PSS/SSS/CRS structure should be used as for the non-synchronized NCT.   

2.2
Carrier segments

The case shown in Figure 1 would be less likely to occur with carrier segments.  Carrier segments are potential new carrier types that are closely integrated with an adjacent channel.  In this case, it would not be necessary to duplicate PSS/SSS. 
Note that the main use case of carrier segments is the utilization of spectrum blocks that are not multiples of 5 MHz while retaining backward compatibility. 

Proposal 2: 

Define carrier segments as a distinct category, not part of CA. Carrier segments are characterized by not supporting TBs independent from the associated backward compatible carrier, i.e. a single PDCCH DCI can grant resources on both carriers.  Carrier segments are further characterized by being contiguous in frequency with the associated backward compatible carrier. 
Proposal 3: 

In the case of carrier segments, it is not necessary to duplicate PSS/SSS in the NCT. The CRS of the backward compatible carrier should be extended to the contiguous carrier segment in order to enable using common transmission modes (e.g. CRS-based transmission) when a TB spans both the legacy and NCT portion. 

3
Conclusions 

In this document, we addressed the need for PSS/SSS/CRS characteristics for the new carrier type in the synchronized case. Based on the discussion, we propose the following:
Proposal 1: 

In order to enable robust measurements of neighbors on the synchronized NCT, the same PSS/SSS/CRS structure should be used as for the non-synchronized NCT.   
Proposal 2: 

Define carrier segments as a distinct category, not part of CA. Carrier segments are characterized by not supporting TBs independent from the associated backward compatible carrier, i.e. a single PDCCH DCI can grant resources on both carriers.  Carrier segments are further characterized by being contiguous in frequency with the associated backward compatible carrier. 

Proposal 3: 

In the case of carrier segments, it is not necessary to duplicate PSS/SSS in the NCT. The CRS of the backward compatible carrier should be extended to the contiguous carrier segment in order to enable using common transmission modes (e.g. CRS-based transmission) when a TB spans both the legacy and NCT portion. 
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