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1
Introduction
In the recent RAN4 meetings, it was intensively discussed how to specify channel arrangement in contiguous carrier aggregation for both BS and UE [1-10]. In this contribution, we provide further analysis on the issues based on the feedbacks received in the previous discussions.

2
Discussion
As discussed so far, 300 kHz grid requirement is a working assumption for channel spacing in contiguous carrier aggregation in order to compatible with the 100 kHz frequency raster of LTE Release 8/9 and at the same time to preserve orthogonality of the sub-carriers with 15 kHz spacing.

Based on the above working assumption, the following options for channel spacing and guard band could be listed as follows:
· Option 1: Minimum value based on the 300 kHz grid requirements and Release 8 guard band
· See Figure 1 (a).
· The gap between 2 x 20 MHz component carriers (CCs) would be 19 sub-carriers.

· The guard band should be Release 8 guard band for the outermost CC in principle.

· The guard band should be 1 MHz in case of 2 x 20 MHz CCs. The guard band for the aggregated channel bandwidth larger than 40 MHz would be FFS.
· The aggregated channel bandwidth should be 38.3 MHz in case of 2 x 20 MHz CCs.
· Option 2: Minimum value based on the 300 kHz grid requirements and Large guard band
· See Figure 1 (b).
· The gap between 2 x 20 MHz component carriers (CCs) would be 19 sub-carriers.

· The guard band would be larger than that in Option 1 in order to achieve good co-existence with adjacent systems.

· For example, the guard band could be defined so that the aggregated channel bandwidth should be the same as that in Option 3, i.e. the aggregated channel bandwidth would be 40 MHz in case of 2 x 20 MHz CCs.
· Option 3: Release 8 channel spacing and Release 8 guard band
· See Figure 1 (c).

· Note that some adjustments of carrier frequency would be needed to meet the 300 kHz grid requirements. The channel spacing should be 19.8 MHz or 20.1 MHz in case of 2 x 20 MHz CCs.

· The gap between 2 x 20 MHz component carriers (CCs) would be 2 MHz.
· The guard band should be Release 8 guard band for the outermost CC in principle.

· The guard band should be 1 MHz in case of 2 x 20 MHz CCs. The guard band for the aggregated channel bandwidth larger than 40 MHz would be FFS.
· The aggregated channel bandwidth should be 40 MHz in case of 2 x 20 MHz CCs.
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Figure 1 Options for Channel arrangement
We discuss several aspects for the above three options as follows:

Spectrum efficiency

It is crystal-clear that Option 1 could outperform Option 2/ 3, because the aggregated channel bandwidth in Option 1 is smaller than Option 2/ 3. It is true that the aggregated channel bandwidth in Option 1 would be non-round numbers, but we don’t think it would be a real problem if it could be taken into account in the actual band assignments in each region/ country.
UE implementation aspect
As discussed so far, the channel spacing should be minimized as much as possible from an ADC bandwidth point of view, if single receiver chains are utilized in UE side. It this sense, Option 1/ 2 would outperform Option 3.
Backward compatibility

If intra-band contiguous CA is introduced in the existing frequency bands, in which Release 8/9 LTE has already been deployed, the backward compatibility issue would be quite important. For example, CA-based Het Net (ICIC) operation would be one of use cases, in which intra-band contiguous CA is operated in the existing frequency bands. Actually, it is currently discussed in RAN1 whether the support for 2 DL CC contiguous allocation within 20MHz should be mandatory or not in order to allow all Release 10 UEs to take advantage from enhanced interference management. Since network operators could not easily change the centre frequency for the existing LTE carriers, Option 3 would be better candidate than Option 1/ 2 in such use cases. 
It is, however, noted that Release 8 channel spacing could not meet the 300 kHz grid requirements as it is, and therefore network operators would adjust the carrier frequency of the existing LTE carriers to meet the 300 kHz grid requirements even in Option 3.

Het Net scenario

In [7], it was discussed that somewhat larger spacing, close to or at Release 8/ 9 channel spacing, might be beneficial in Het Net scenarios, because the adjacent channel interference might cause some problems in the minimum channel spacing. Our brief analysis on this aspect is shown below. Based on the analysis, it is felt that the there would be no big difference between Option 1/ 2 and Option 3, from an adjacent channel interference point of view.
(Brief analysis)

· Figure 2 presents one example of transmission spectrum for 20 MHz (100 RB) transmission bandwidth.
· UE transmission power: 22 dBm

· Adjacent channel power per RB is summarized in Figure 3.

· Findings are summarized below:

· It is true that the most adjacent resource block (Point B) would be significantly interfered by the adjacent channel power. The adjacent channel power in Point B is 7 dB higher than that in Point A.

· However, such degradation would quickly disappear when it goes away from the most adjacent RB.

· It would be expected that the interference power would decrease, as the transmission bandwidth is reduced or the aggressor RBs goes away from the victim RBs.
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Figure 2 Example of transmission spectrum (20 MHz transmission bandwidth)
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Figure 3 ACP per Resource block
The above analysis is summarized in Table 1 below:
Table 1 Comparison table

	
	Option 1: 

Minimum channel spacing + R8 GB
	Option 2: 

Minimum channel spacing + Larger GB
	Option 3: 

R8 channel spacing + R8 GB

	Spectrum efficiency
	Good
	Bad
	Bad

	UE implementation aspect
	Good
	Good
	Bad

	Backward compatibility
	Bad
	Bad
	Good

	Het Net scenario
	Not bad
	Not bad
	Slightly good


Based on the above analysis, it is proposed that Option 1 (Minimum channel spacing + R8 GB) should be base line requirements for Release 10 intra-band contiguous CA, because it could outperform Option 2/ 3 as a whole. Furthermore, if it is felt that the use cases, in which intra-band contiguous CA is operated in the existing frequency bands, are quite important from an operator deployment point of view, Option 3 (R8 channel spacing + R8 GB) could be defined as band-specific requirements in the next step. That is to say, RAN4 should specify the channel arrangement based on Option 1 in Release 10 timeframe, and could introduce Option 3 in the future release if deemed necessary. It is noted that if Option 3 is introduced, the increase of testing complexity and IOT efforts should be minimized.
Proposal 1: Option 1 (Minimum channel spacing + R8 GB) should be base line requirements for Release 10 intra-band contiguous CA.
Proposal 2: Option 3 (R8 channel spacing + R8 GB) could be defined as band-specific requirements in the future release, if deemed necessary.
Proposal 3: If Option 3 (R8 channel spacing + R8 GB) is introduced, the increase of testing complexity and IOT efforts should be minimized.
3
Conclusions
This contribution further discussed the channel arrangement for LTE-A contiguous carrier aggregation. Our proposals are summarized below:
Proposal 1: Option 1 (Minimum channel spacing + R8 GB) should be base line requirements for Release 10 intra-band contiguous CA.

Proposal 2: Option 3 (R8 channel spacing + R8 GB) could be defined as band-specific requirements in the future release, if deemed necessary.
Proposal 3: If Option 3 (R8 channel spacing + R8 GB) is introduced, the increase of testing complexity and IOT efforts should be minimized.
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