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1. Introduction
In RAN1 #59bis, RAN1 discussed the feasibility of introducing additional component carrier (CC) types beyond the backward-compatible carriers to improve spectral efficiency and interference mitigation. Extension carriers / carrier segments were characterized as follows captured from [1][2][3];
· No PBCH/Release-8 SIB/Paging 

· No PSS/SSS

· No PDCCH/PHICH/PCFICH

· No CRS

· Rel-10 mobility is based on measurements in backwards compatible CC(s)
An extension carrier must be a part of a component carrier set where at least one of the carriers in the set is a backwards compatible component carrier. A carrier segment is defined as contiguous bandwidth extension of a backwards compatible component carrier. Given the above characteristics, extension carriers/carrier segments are not backwards compatible for Release 8 and Release 9 UEs.

Further aspects of a non-backward-compatible CC would depend on whether a carrier segment approach or an extension carrier approach would be adopted. Compared with an extension carrier, a carrier segment (together with its associated backwards compatible carrier) would have the following characteristics:

· Single PDCCH for resource allocation

· Single HARQ for the combined bandwidth

· Contiguous BW requirement and maximum combined bandwidth of 110 RBs
There was a consensus into extension carrier on intra-band carrier aggregation for additional carrier type in Rel-10. In inter-band CA perspective, it is foreseen that segmented carrier cannot be applied. Therefore, this contribution focuses on DL/UL extension carrier as an additional carrier type. 
2. DL extension carrier
Figure 1 shows the extension carrier concepts for intra and inter band scenarios. In case of intra band scenario, the definition of extension carrier in Chapter 1 could be directly applied since the frequency characteristics between cells might be similar to each other, for example, on propagation delay, coverage, and etc. On the other hands, in case of inter band scenario, the definition might need to be refined due to different frequency characteristics among the cells. This chapter discusses some aspects to be considered for inter band scenarios which need to refine the definition of extension carriers.


[image: image1.emf]Pcell Scell Extension CC

Band A

frequency


(a) Intra band scenario

[image: image2.emf]Pcell Scell Extension CC

Band A Band B

frequency


(b) Inter band scenario
Figure 1 Intra / inter band scenario for extension carrier
A. Synchronization Signal
The basic roles from PSS/SSS are to provide PCI (Physical Cell ID), time/frequency synchronization, and CP information. After cell search operation, both SS and CRS can be further used for time/frequency tracking for backward compatible carriers. The assumption of the same timing error (including time drift) among the cells in intra band scenarios may be applicable. On the other hands, for inter band scenarios, due to different band characteristics, only DM RS and CSI-RS are viable to track time/frequency synchronization since CRS is not available in extension carrier. With DM RS, the resolution for time tracking may not be ensured due to non-equal insertion in frequency domain. In order to keep ZAC (Zero-Auto Correlation) property which is related to timing tracking accuracy, equal or contiguous insertion in frequency domain is desirable. With CSI-RS, due to sparse insertion in frequency domain (ie. One RE per PRB in an OFDM symbol), the timing resolution is limited by a function of the distance in inserted RS density, which needs to be further verified in terms of time tracking or not, for example, from RRC_IDLE to RRC_CONNECTED. This might require additional signaling for auxiliary timing information in reference to backward compatible carrier while the current specification supports to provide PCI only for SCell by RRC signaling [4]. To address this issue, the simplest way would be to transmit PSS/SSS like backward compatibility.
B. Measurement channel quality
RSRP/RSRQ(RSSI) measurement  is described as below [5]: 
“Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.” 
“E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.”
Extension carrier does not carry cell-specific reference signal for overhead minimization. Based on the present RSRP/RSRQ definitions, UE cannot measure RSRP / RSRQ of extension carrier. So, the current RSRP /RSRQ definitions might need to be changed for extension carriers, for example, by using CSI-RS.
3. UL extension carrier
UL extension carrier necessity might be considered to improve spectral efficiency as well as to provide interference mitigation. For example, the UL extension carrier can be defined as no transmission of PUCCH in cell-specific manner, which might be able to make inter-cell interference coordination easier. Since there is no independently configured signalling for UL resources of SCell, another signalling would be required to support UL extension carrier. 
4. Conclusions

As a conclusion, we suggest;
· Extension carrier, at least for DL, is introduced in Rel-11 as an additional carrier type.
· FFS for transmitting PSS/SSS on extension carrier
· FFS for re-definition of RSRP/RSRQ for extension carrier using CSI-RS

· FFS for introducing UL extension carrier
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