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1 Introduction
In Rel-10 carrier aggregation, only Rel-8 backward compatible carrier was supported. In RAN #51, the work item (WI) for carrier aggregation enhancements in Rel-11 was approved, with following objective:
· Study additional carrier types including non-backwards compatible elements for Carrier Aggregation. A way forward for additional carrier types and related details will be decided based on tradeoff analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.
In this contribution, we provide our views on the motivation for additional carrier types in Rel-11.
2 Motivation for Additional Carrier Types
In this section, we discuss the potential benefits for additional carrier types.
2.1 Enhanced spectrum efficiency
For Rel-8 backward compatible carrier, system information, synchronization signals, CRS and Rel-8 PDCCH are employed. The overhead of the common channels and signals is high, especially for small system bandwidths. Tables 1 – 3 show the overhead of the common channels and signals for TDD, with the following observations:
· The overhead is mainly created by Rel-8 PDCCH and CRS.

· The overhead of PBCH or PSS/SSS is not negligible for small system bandwidths.
In Rel-11, in order to improve the spectrum efficiency, additional carrier types with less or zero common channels or signals should be considered to reduce the overhead. Specifically, the following shall be considered in the design of additional carrier types in Rel-11. 
· Rel-8 PDCCH, CRS and PBCH should be removed on the additional carrier types.
· It is beneficial to remove PSS/SSS on the additional carrier types from the overhead perspective. On the other hand, it shall be discussed whether the DL/UL transmission timing on the additional carrier without PSS/SSS can follow a corresponding Rel-8 backward compatible carrier.

Table 1: PBCH or PSS/SSS overhead*
	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%


Table 2: CRS overhead*
	UL-DL configuration
	CRS ports

	
	1
	2
	4

	0
	5.07%
	10.14%
	15.94%

	1
	4.95%
	9.91%
	15.32%

	2
	4.90%
	9.80%
	15.03%

	3
	4.84%
	9.68%
	14.70%

	4
	4.83%
	9.66%
	14.64%

	5
	4.82%
	9.64%
	14.60%

	6
	5.00%
	10.00%
	15.56%


Table 3: PDCCH overhead*
	UL-DL configuration
	PDCCH = 1 symbol
	PDCCH = 2 symbols
	PDCCH = 3 symbols
	PDCCH = 4 symbols

	
	1 port
	2 ports
	4 ports
	1 port
	2 ports
	4 ports
	1 port
	2 ports
	4 ports
	1 port
	2 ports
	4 ports

	0
	7.25%
	5.80%
	5.80%
	15.94%
	14.49%
	11.59%
	20.29%
	18.84%
	15.94%
	23.91%
	21.74%
	18.84%

	1
	6.76%
	5.41%
	5.41%
	14.86%
	13.51%
	10.81%
	20.27%
	18.92%
	16.22%
	24.77%
	22.52%
	19.82%

	2
	6.54%
	5.23%
	5.23%
	14.38%
	13.07%
	10.46%
	20.26%
	18.95%
	16.34%
	25.16%
	22.88%
	20.26%

	3
	6.27%
	5.02%
	5.02%
	13.80%
	12.54%
	10.04%
	20.25%
	19.00%
	16.49%
	25.63%
	23.30%
	20.79%

	4
	6.23%
	4.98%
	4.98%
	13.71%
	12.46%
	9.97%
	20.25%
	19.00%
	16.51%
	25.70%
	23.36%
	20.87%

	5
	6.20%
	4.96%
	4.96%
	13.64%
	12.40%
	9.92%
	20.25%
	19.01%
	16.53%
	25.76%
	23.42%
	20.94%

	6
	6.94%
	5.56%
	5.56%
	15.28%
	13.89%
	11.11%
	20.28%
	18.89%
	16.11%
	24.44%
	22.22%
	19.44%


*Assumptions: 
1. Special subframe configuration 1(DwPTS = 9 OFDM symbols)
2. The calculation for PBCH overhead includes the reserved REs for antenna ports 0-3
3. For the case of PDCCH = 3 or 4 symbols, the PDCCH in special subframe equals to 2 symbols 
2.2 Flexible spectrum usage
In Rel-8, 6 bandwidths, i.e. 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, and 20MHz, are supported. In practice, various bandwidths other than the 6 bandwidths may be available. Although carrier aggregation based on Rel-8 backward compatible carriers can be used, the spectrum resource may not be efficiency utilized especially considering small system bandwidth may appear more frequently during spectrum refarming.
Another possible use case of additional carrier types is to allow more efficient utilization of guard bands e.g. between neighboring FDD and TDD systems. Given that the size of the guard bands may be relatively small, reducing the common channels and signals on the additional carriers in the guard band is beneficial. 
3 Conclusions
In this contribution, we discuss the motivation for additional carrier types for Rel-11. Generally, it is observed that benefits of introducing additional carrier types is to allow more efficient utilization of spectrum resource by reducing the overhead of common channels and signals that should be transmitted on a Rel-8 backward compatible carrier. Hence, the following shall be considered if additional carrier types are introduced in Rel-11.
· Proposal 1: Rel-8 PDCCH and CRS should be removed on additional carriers
· Proposal 2: It is beneficial to remove Rel-8 PSS/SSS on additional carriers from the overhead saving perspective, provided the DL/UL transmission timing on the additional carriers can be determined.
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