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1. Introduction

According to the approval of carrier aggregation (CA) work item (WI) [1], design for new carrier types (NCTs) was intensively discussed in the Rel-11 timeframe. As a consequence, a NCT was not specified in Rel-11 and new Rel-12 WI was approved toward the specification of NCT [2]. As indicated in [2], the first design of NCT is to be initiated based on the agreements and working assumptions reached in Rel-11 work. In previous RAN1 meetings, design for the downlink reference signal (DL RS) was separately optimized for synchronized carrier and unsynchronized carrier scenarios. Synchronized and unsynchronized carriers were defined as follows.
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 our companion document [3], we suggest that design for the synchronized carrier be targeted in the first phase work. In this contribution, we present design for synchronized NCT focusing on the necessity of the downlink reference signals (DL RSs) such as primary/secondary synchronization signal (PSS/SSS) and cell specific RS (CRS).
2. DL RS Design for Synchronized NCT
We discuss the design of the PSS/SSS and CRS for synchronized NCT. Regarding the PSS/SSS, two alternatives were considered.

· Alt. 1: Reuse the PSS/SSS structure used for unsynchronized NCT
· Alt. 2: Not transmit the PSS/SSS
The main intension of Alt. 1 is to reuse the same NCT as the unsynchronized NCT. In this case, the CRS would also be transmitted in the same way as that for the unsynchronized NCT. On the other hand, the motivation for Alt. 2 is to design an NCT that is optimized for a synchronized CA scenario such as CA scenario #1 as shown in Fig. 1(a). In CA scenario #1, flexible bandwidth utilization is enabled when a bandwidth other than that defined in Rels-8-11 LTE is available to operators. For this purpose, any DL RS on the NCT wouldn’t be necessary. Therefore, as suggested in [4] – [7], in Alt. 2, the CRS is not also transmitted in order to maximize the motivations for defining the NCT. 

In our view, the main deployment scenario for a synchronized NCT would be to utilize continuous wide bandwidth, i.e., intra-band carrier aggregation, at a higher frequency, e.g., 3.5 GHz. Figure 1(b) shows another example deployment scenario. In the figure, one component carrier (CC) is used for macro cell at a lower frequency, and four CCs are used for small cells at a higher frequency. In this case, the four CCs in the small-cell layer are synchronized with each other while they are not synchronized to the CC in the macro-cell layer. Regarding the four CCs in small-cell layer, one CC needs to be a backward compatible carrier or unsynchronized NCT, but the remaining three CCs are used as synchronized NCTs.
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(a) CA scenario #1
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(b) HetNet with wider bandwidth

Figure 1 – Example deployment scenarios for synchronized NCT

In such scenarios, by applying Alt. 2, a fully flexible TM 9/10 transmission without CRS interference can be achieved in a synchronized NCT. In other words, the presence of the CRS in Alt. 1 limits the performance of the TM 9/10 due to the interference caused by the CRS at the subframe ratio of 1/5, i.e., two subframes over a 10-msec radio frame. The full use of TM 9/10 transmission facilitates CoMP operation in the NCT to enhance the spectrum efficiency. Furthermore, by removing the legacy cell specific DL-RS, flexible power control will be possible in the future enhancements beyond Rel-11. Thus, compared to Alt. 1, Alt. 2 is preferred for a synchronized NCT.
Proposal: Complete removal of the PSS/SSS and CRS is preferred to achieve flexible bandwidth utilization and a flexible TM 9/10 transmission in a synchronized NCT.
3. Conclusion

In this contribution, we presented our views on the DL RS design for the synchronized NCT. We compared two approaches, i.e., reusing the PSS/SSS structure used for unsynchronized NCT (Alt. 1) and not transmitting PSS/SSS and CRS (Alt. 2) from the viewpoint of the motivation to support the synchronized NCT. We propose the following.
Proposal: Complete removal of the PSS/SSS and CRS is preferred to achieve flexible bandwidth utilization and a flexible TM 9/10 transmission in a synchronized NCT.
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