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1   Introduction
In RAN4 meeting #78, it was propose to extend the existing CA demodulation performance requirements to all possible intra-band contiguous CA combinations [1]. In this paper, we would like share our view on this issue.

2   Background
2.1   Overview of discussion on CA minimum spacing
The requirements for the intra-band contiguous CA scenario with the minimum spacing were proposed and discussed in previous RAN4 meeting [2~5]. The main issue is the cell search performance of legacy UE under such scenario.
When UE conducts cell search, one kind of legacy UE may firstly estimate the spectrum shape and location of LTE carrier to be accessed approximately. Then the UE may determine the bandwidth of that carrier and adjust the cell search loop to the center frequency to conduct the cell identification. As a result, the cell search can be accelerated by reducing the candidate raster frequencies for searching.

When the minimum spacing is configured, two carriers are spaced more closely to each other. Because the roll-off is used in the transmitter filter, the edge of carriers would be blurred. So the legacy UE mentioned above would not be capable of distinguishing two carriers and think that it is a single trunk. As a result, such legacy UE may fail to acquire the cell.
One solution proposed during the discussion in [2, 3] is to introduce an additional requirement on the PSD between component carriers. According to our understanding, the purpose is to require BS to set the deeper cut on the spectrum between to carriers. In [2] a figure was provided to show the idea as shown below.
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Figure 1: Proposed occupied bandwidth requirement for intra-band contiguous CA [2]
After discussion, it was difficult to reach the agreement on the general solutions. But due to the urgent requirement from operators, it was thought that the implementation solutions can be used to address the issue like the third candidate solution, and finally for one particular CA band combination, i.e., CA_41C, the performance requirements for intra-band contiguous CA with minimum spacing are specified in 8.2.2.8 of TS36.101. According to 36.307 release-11 version, the minimum spacing requirement specified in Rel-12 can be applied to Rel-11 UE supporting CA_41C.
2.2   Issues
Actually the issue is not relevant to the degradation of demodulation performance on each CC with the minimum spacing. In [1] and previous papers [6], it was shown that the performance between nominal spacing and minimum spacing is the same since the orthogonality between sub-carriers is kept.
The main issue is the potential significant performance degradation of cell search of legacy UE. That would cause the delay of deployment of intra-band contiguous CA with minimum spacing.
3   Discussion
In [1] the minimum spacing values of intra-band contiguous CA for two CC cases are given. Similarly we provide the tables for all the possible bandwidth combinations for the existing intra-band contiguous CA with two CCs (not all bandwidth combinations of CA_27B are listed)

Table 1: Nominal spacing and minimum spacing for intra-band contiguous CA with two CCs, (MHz)

	Bandwidth combination
	Nominal spacing
	Minimum spacing
	Gap between two spacings
	Gap between edges of two CC

	2x10
	9.9
	9.3
	0.6
	0.285

	2x20
	19.8
	18.3
	1.5
	0.285

	10+15
	12
	11.4
	0.6
	0.135

	10+20
	14.4
	13.8
	0.6
	0.285

	15+20
	17.1
	15.9
	1.2
	0.135

	2x15
	15
	13.8
	1.2
	0.285

	15+5
	9.3
	9.3
	0
	0.285

	20+5
	11.7
	11.4
	0.3
	0.135

	10+5
	7.2
	6.9
	0.3
	0.135

	10+3
	6
	6
	0
	0.135


From the Table 1, we can observe that

· Observation 1: The minimum inter-distance between two edges of the adjacent CCs of intra-band contiguous CA is 135KHz.

· Observation 2: For bandwidth combinations of 15+5MHz and 10+3MHz, the nominal spacing is equal to the minimum spacing.
· Observation 3: Using the minimum spacing, up to 1.5MHz spectrum can be saved compared to the nominal spacing.
In our understanding, one advantage of minimum spacing is that the spectrum could be efficiently used in some bands, where the spectrum is a little limited. The other advantage is to increase the available guard band. Maybe one NB-IOT trunk can be put in the saved spectrum.
Even we follow the proposed solution above to set the emission requirement on PSD in-between of two carriers. We do not know whether the same requirement can work for the case where the minimum spacing is 135KHz. And we are not sure whether the BS filter could meet the potential emission requirement on the edge of bandwidth, which would be demanding. 
According to our understanding, the key is to keep one CC with the same spectrum shape as the legacy carrier for legacy UE to access. So we have the following alternative proposals for further consideration:
· Proposal 1: for the intra-band contiguous CA with two or more CCs, 

· Set one CC on either edge of spectrum as the reserved CC to support legacy UE access;
· Do not schedule the transmission on the X PRB on the edge of the CC adjacent to the reserved CC.

In Figure 2, we show our idea. In the X PRB, the PDSCH will not be scheduled, but CRS is still transmitted and PDCCH may or may not be transmitted.
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Figure 2: Solution for cell search for CA with minimum spacing

And based on Proposal 1, we propose to specify the corresponding demodulation performance requirements.

· Proposal 2: define the CA demodulation performance requirements with the minimum spacing based on the assumption of Proposal 1.
4   Conclusion 
In this paper, we further discuss the issue for deployment of intra-band contiguous CA with minimum spacing. The main issue is the potential significant performance degradation of cell search for legacy UE. To address the issue, we have the following alternative proposals for further consideration.
· Proposal 1: for the intra-band contiguous CA with two or more CCs, 

· Set one CC on either edge of spectrum as the reserved CC to support legacy UE access

· Do not schedule the transmission on the X PRB on the edge of the CC adjacent to the reserved CC.
· Proposal 2: define the CA demodulation performance requirements with the minimum spacing based on the assumption of Proposal 1.
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