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1 Introduction
In previous RAN1 meetings, several agreements for new carrier type were made:
· Both synchronized carriers and unsynchronized carriers should be supported

· Rel-8 PSS/SSS sequences and 1 port CRS with 5ms periodicity should be transmitted at least for unsynchronized carriers

· Whether the synchronized carrier case is an important case to be taken into account in the NCT design in Rel-11 should be considered 

In this contribution, we first discuss the use case of synchronized NCT, and then show our views on the design for synchronized NCT.
2 Discussion

2.1 Use case of synchronized NCT
According to the definition of synchronized carriers, i.e. the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver, it can be concluded that synchronized carrier should be adjacent to a backward compatible carrier and the two carriers should be co-located with same coverage, which means synchronized NCT applies only to a minority of scenarios (e.g. CA deployment scenario 1). Therefore, deployment scenarios for synchronized NCT are limited and we have the following observation:

Observation: The use case of synchronized NCT is limited compared to that of unsynchronized NCT.
2.2 Design for synchronized NCT
The main design for synchronized new carriers is whether TRS/PSS/SSS shall be transmitted on synchronized NCT. In this section, we analyze the design for synchronized new carriers from the following aspects:
Measurement:

Since the measurement on the backward compatible carrier cannot directly reflect the interference level on the synchronized carriers, reserving TRS on synchronized NCT can help UE to perform RRM measurements on synchronized NCT. Although CSI-RS may be used for RRM measurement, the existing method with TRS can be directly used with less work and the measurement performance can also be ensured. As given in [1], the RRM measurement performance based on TRS is better than the performance based on CSI-RS, since CSI-RS has lower density in both time and frequency domains compared with TRS. In summary, it is beneficial for the UE to perform RRM measurements with TRS on synchronized NCT. 
Complexity:

Removing TRS/PSS/SSS on synchronized NCT leads to different UE implementations for synchronized and unsynchronized NCTs, and new mechanisms are needed for the UE to distinguish which kind of new carrier type it is connected to. For synchronized NCT, UE should acquire the synchronization information from the associated legacy carrier, while for unsynchronized NCT, UE needs to perform time/frequency synchronization on the new carriers. 

Overhead:

According to the current agreement for the new carrier type, TRS is transmitted with a 5ms periodicity at least for the unsynchronized case. Even if TRS is transmitted in full system bandwidth, the overhead of this signal is only 0.95% for FDD and is also limited for TDD as shown in Table 1. The overhead of PSS/SSS is shown in Table 2 and Table 3 for FDD and TDD respectively. The overhead of PSS/SSS is negligible when the bandwidth is large, e.g. more than 10MHz. Therefore, the amount of overhead saving that can be achieved by removing TRS/PSS/SSS on synchronized NCT is not significant.
Table 1:  Overhead of TRS for TDD (DwPTS = 9 OFDM symbols)
	UL-DL configuration
	0
	1
	2
	3
	4
	5
	6

	Overhead
	2.90%
	1.80%
	1.31%
	1.43%
	1.25%
	1.10%
	2.22%


Table 2:  Overhead of PSS/SSS for FDD

	System bandwidth
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Overhead
	2.86%
	1.14%
	0.69%
	0.34%
	0.23%
	0.17%


Table 3:  Overhead of PSS/SSS for TDD (DwPTS = 9 OFDM symbols)
	UL-DL configuration
	Channel Bandwidth

	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	0
	8.70%
	3.48%
	2.09%
	1.04%
	0.70%
	0.52%

	1
	5.41%
	2.16%
	1.30%
	0.65%
	0.43%
	0.32%

	2
	3.92%
	1.57%
	0.94%
	0.47%
	0.31%
	0.24%

	3
	4.30%
	1.72%
	1.03%
	0.52%
	0.34%
	0.26%

	4
	3.74%
	1.50%
	0.90%
	0.45%
	0.30%
	0.22%

	5
	3.31%
	1.32%
	0.79%
	0.40%
	0.26%
	0.20%

	6
	6.67%
	2.67%
	1.60%
	0.80%
	0.53%
	0.40%


With the above analysis, a unified solution is preferred for the design of synchronized and unsynchronized NCT:
Proposal: A unified design for synchronized and unsynchronized NCT should be considered.
· TRS/PSS/SSS should be transmitted on synchronous NCT.
3 Conclusions
In this contribution, we provide our analysis on the design of synchronized NCT and have the following observation and proposal: 
Observation: The use case of synchronized NCT is limited compared to that of unsynchronized NCT.
Proposal: A unified design for synchronized and unsynchronized NCT should be considered.
· TRS/PSS/SSS should be transmitted on synchronous NCT.
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