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1 Introduction
In this tdoc is an analysis of the LS from RAN1 on additional carrier types [1]. A draft reply from RAN4 is added as an appendix.
2 Discussion
The potential motivation for introducing an additional carrier type would be to provide improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths, or when the actual bandwidth allocation does not match the Release 8 system bandwidth numerology, which was seen to be under the responsibility of RAN4.
2.1 Improved spectral efficiency
This discussion will be restricted to 40 MHz since almost all deployment scenarios from [2] are relying on 40 MHz aggregated bandwidth.
The baseline are two 100 PRB 20 MHz carriers aggregated together in 40 MHz. This configuration has 200 RB in 40 MHz. We shall focus on improved spectral below, but it is relevant to point out that the gap between the component carriers this baseline can be utilized for increasing the guard bands on the edges of the 40 MHz block to deal with unwanted emissions for aggregated carriers. 
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Figure 1: Baseline 200 RB in 40 MHz

This configuration is then extended with narrow bandwidths, that is additional carriers. There are many ways to configure the additional carriers. The first extension is done using regular carrier types. 
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Figure 2: Additional 6 RB release-8 regular component carrier

The carrier aggregation configuration now supports 106 RB in 40 MHz while maintaining the same guard bands as before. The number of resource blocks has increased by 6/200=3%. Note that all carriers are regular release-8 carriers and available to all release-8 and release-10 UE.
This configuration is then modified into a new carrier type along the lines in [1] where extension carriers / carrier segments would be characterized by: 


• No PBCH/Release-8 SIB/Paging 

• No PSS/SSS 

• No PDCCH/PHICH/PCFICH 

• No CRS  


This effect is counted as an efficiency factor of 1/0.73 compared to a regular release-8 carrier of 6 PRB.
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Figure 3: The additional carrier is turned into an extension carrier
The number of resource blocks has increased by 6*(1/0.73)/200=4.1%. Note that the 6 RB carrier is no longer available to release-8 UE anymore. 


This section started with a statement that there are many ways how to configure the additional carriers. This can be shown with yet another example.
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Figure 4: A 40 MHz example using carrier segments
The number of resource blocks has increased by 8*(1/0.73)/200=5.5%. Note that the 2 RB carriers are no longer available to release-8 UE anymore.
The extensions of the base configuration can be summarized as follows

	configuration
	Capacity
	Comment
	Cost

	Figure 1
	100%
	Two regular 20 MHz carriers in 40 MHz 
	

	Figure 2
	103%
	Packing carriers closer together + adding one regular release-8 carrier of 6 PRB 
	

	Figure 3
	104.1%
	Packing carriers closer together + adding one new carrier type of 6 PRB without PBCH, PSS, SSS, PDCCH, PHICH, PCFICH, CRS
	New demodulation requirements and tests for the new carrier type. 

	Figure 4
	105.5%
	Packing carriers closer together + adding 4 new carrier type of 2 PRB without PBCH, PSS, SSS, PDCCH, PHICH, PCFICH, CRS
	New core requirements for the new nonrelease-8 transmission bandwidth carrier used (2 PRB).

New demodulation requirements and tests for the new carrier type.


Table 1: Summary 
Adding extension carriers / carrier segments as per configuration in figures 3 would boost capacity for this 40 MHz configuration from 3% to 4.1% for the case when a 6 PRB carrier is added. The carrier type is new, i.e. not backwards compatible since it is without PBCH, PSS, SSS, PDCCH, PHICH, PCFICH, CRS, but it is still of release-8 transmission bandwidth so core RAN4 requirements can be inherited from release-8. However new demodulation requirements and tests for the new carrier type would be needed.
Adding extension carriers / carrier segments as per figure 4 would boost capacity from 3% to 5.5% if 8 PRBs are added in this way. The carrier type is new, i.e. not backwards compatible since it is without PBCH, PSS, SSS, PDCCH, PHICH, PCFICH, CRS and not of release-8 transmission bandwidth so core RAN4 requirements can not be inherited from release-8. Again, new demodulation requirements and tests for the new carrier type would be needed.
The gain of 1.1% to 2.5% when introducing an additional carrier type to provide improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths is deemed not enough given that this would trigger at least the development of new demodulation requirements and also of core RAN4 requirements, depending on type of additional carrier type used.
2.2 Actual bandwidth allocation does not match the Release 8 system bandwidth numerology
This section assumes the particular characteristics of a segment as specified in [1]. 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

However this is in addition to the already stated properties common to both extension carriers and segments: No PBCH/Release-8 SIB/Paging, PSS/SSS, PDCCH/PHICH/PCFICH or CRS.

Moreover the contiguous BW requirement and maximum combined bandwidth is ≤ 110 PRB in total.  
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Figure 5: A carrier segment added to a regular release-8 carrier
This opens up an opportunity to create new transmission bandwidths. But these transmission bandwidths come at a cost since each new transmission bandwidth would have to be characterized in core requirements, performance and demodulation requirements. Moreover, the result is release-10 only.
In one way or another the old set of transmission bandwidths {6,15,25,50,75,100} will, in this way, be extended into a new finite set of transmission bandwidths {6,15,25,50,75,100, X1, X2, …, Xn}. 
It is obvious that one can find a new transmission bandwidth Xn+1 
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{6,15,25,50,75,100, X1, X2, …, Xn} as long as the set does not contain all transmission bandwidths from 1 to 110. This means that this limitation will probably always exist regardless of how the set is extended, i.e. an addition of X1, X2, …, Xn will not change this.
The gain when introducing an additional carrier type, in this case a segment, to provide new transmission bandwidths not in the original release-8 set is deemed not enough given that this would trigger the development of both new core RAN4 requirements as well as demodulation and performance requirements and one would still be able to find transmission bandwidths not in the new extended set.
3 Conclusion


The extra gain of 1.1% to 2.5% when introducing an additional carrier type to provide improved spectral efficiency, compared to using regular release-8 carriers, in scenarios involving bandwidth extension by narrow bandwidths is deemed not enough given that this would trigger at least the development of new demodulation requirements and also of core RAN4 requirements, depending on type of additional carrier type used. 

The gain when introducing an additional carrier type, in this case a segment, to provide new transmission bandwidths not in the original release-8 set is deemed not enough given that this would trigger the development of both new core RAN4 requirements as well as demodulation and performance requirements and one would still be able to find transmission bandwidths not in the new extended set.
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1. Overall Description

RAN WG4 would like to thank RAN WG1 for the very valuable information provided regarding the characteristics of potential additional carrier types and their questions on additional carrier types for LTE-A.
RAN4 kindly provides the following responses to the questions in RAN1 LS.
Question 1: introducing an additional carrier type would be to provide improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths
[Response]: The current status is RAN 4 is that carrier aggregation is considered in ranges of 40-50 MHz. The extra gain, of 1.1% to 2.5% when introducing an additional carrier type to provide improved spectral efficiency, compared to using regular release-8 carriers, in scenarios involving bandwidth extension by narrow bandwidths, is deemed not enough given that this would trigger at least the development of new demodulation requirements and also of core RAN4 requirements, depending on type of additional carrier type used.
   RAN1 is kindly advised to progress further work for release 10 based on the carrier type and characteristics defined in release-8 when it comes to introducing an additional carrier type to provide improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths.
Question 2: Introducing an additional carrier type when the actual bandwidth allocation does not match the Release 8 system bandwidth numerology.
[Response]: The gain when introducing an additional carrier type, in this case a segment, to provide new transmission bandwidths not in the original release-8 set is deemed not enough given that this would trigger the development of both new core RAN4 requirements as well as demodulation and performance requirements and one would still be able to find transmission bandwidths not in the new extended set.
   RAN1 is kindly advised to progress further work for release 10 based on the carrier type and characteristics defined in release-8 when it comes to introducing an additional carrier type when the actual bandwidth allocation does not match the Release 8 system bandwidth numerology
2. Actions
To TSG-RAN1: RAN4 kindly requests RAN1 to take into account the above responses in their future work. 
3. Date of Next TSG-RAN WG4 Meetings:
3GPP RAN4#54
   22-26 Feb 2010 

San Francisco, CA, US

3GPPRAN4#2  
   12-16 Apr 2010 
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