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Introduction
In RAN meeting #71, the SI on LTE bandwidth flexibility enhancement was approved [1]. The purpose of SI is to address the companies concern on introduction of the new mechanism of support of flexible bandwidths. One objective is to address the potential problem for cell search performance for legacy UE.

In this contribution we try to capture the agreements for cell search for bandwidth flexibility. 
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Cell search for bandwidth flexibility
In this section, the possible issue of cell search for legacy UE will be analyzed. The analyses from different companies are captured. Based on the analyses, the conclusions about constraints to LTE air interface and the impact on RRM requirements will be drawn.
7.1
Issue of cell search for legacy UE
One issue on cell search for legacy UE was raised. 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.

But the bandwidth determination of such approach would be based on the apriori-knowledge that one of six normal bandwidths is deployed. If the flexible bandwidth, e.g., 7MHz, was deployed, the legacy UE would fail to determine the bandwidth such that the cell search delay would be intolerable since 7MHz is not a system bandwidth specified for LTE.

Because the legacy LTE UE was already in the market, company had concern on the introduction of the flexible bandwidth.
7.2
Analysis from companies
7.2.1
Company B (R4-16xxxx)
For the bandwidth flexibility design, the same issue as that for CA with minimum spacing will exist for legacy UE. The bandwidth of transmitted signal from eNB is not well pre-defined, so the legacy UE could not identify the spectrum shape and may fail to access. 

In the agreed SID, the study should be conducted under two assumptions:

(1) The eNB operates in the entire N MHz block (1.4 < N < 20).
(2) The UE operates in legacy channel bandwidths and no new channel bandwidth will be introduced.
From eNB aspect the flexible bandwidth other than the six nominal ones will be transmitted, while from UE aspects only one of six nominal bandwidths is assumed (single carrier reception). 

Like the solution for CA with minimum spacing, the key is to keep one part of spectrum the same as a legacy carrier. In Figure 7.2.1-1, we give an example to show the idea. If eNB transmits a 7MHz signal, the legacy UE may not know it, since none of six specified bandwidth fits the spectrum. If there was a cut on the spectrum to make part of spectrum be quite like 5MHz LTE carrier (the dark green one shown in the right bottom), then the legacy UE can know it and finalize the cell search.
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Figure 7.2.1-1: Cell search of legacy UE for flexible bandwidth (one example)
The cut could be made very deep and sharp, because it can be made by base band processing rather than by filter and the subcarriers across the whole spectrum can be kept orthogonal to each other. One possible approach is to puncture both data RE and CRS RE on the carrier which is not used for legacy UE accessing. And it is better to put that cut near to the edge of spectrum, say, putting the legacy trunk on the edge of spectrum, to avoid one additional hole on the other edge of legacy trunk.

Another way to be considered is the same as the solution shown in Figure 2 to make part of spectrum be with higher power level such that legacy UE can identify the spectrum shape.
The third solution is the carriers with non nominal bandwidths can only be configured as SCCs/SCells. The legacy UE could only access the system via the carriers with nominal bandwidth. Once the UE access the system it could be further configured with some SCells with non nominal bandwidths. The benefit of this solution is that the UE could access the system without the above issue. The disadvantage is that such non nominal bandwidth can not be used standalone for legacy UEs which significantly decreases the application of such carriers which is not expected by the operators.  Thus more views from other companies on this solution should be considered.

In sum, we think that the proper physical layer design can address the issue of legacy UE access. The constraint to the design is to make the spectrum of one component carrier with the legacy frame structure and signals be distinguishable from the other part of spectrum and identical to the legacy spectrum shape, and use this component carrier for legacy UE access or configure the non-nominal carriers as SCC/SCells.

The existing RRM and demodulation performance requirements can be applied to UE working on the component carrier for the legacy access. After designing the new physical layer structure, the new RRM and demodulation requirements are needed for the UE working on the rest part of spectrum.

Furthermore, although the discussion of cell searching behavior for new UE is out of scope of SI, many new approaches to enhance UE cell search performance can be used. One is shown in [6]. And also some of pre-knowledge based solution could be used.
7.2
Conclusions
Based on the analysis, the following conclusions can be drawn.

Regarding the constraints to the LTE air interface design, the conclusions are.
· Conclusion 1: Cell searching performance for legacy UE can be guaranteed by the proper physical layer design, when the flexible bandwidth is supported.
According to analysis, we derive the following constraints to LTE air interface design for bandwidth flexibility.

· Conclusion 2: For bandwidth flexibility design, the following constraints may need to be considered to ensure the cell search performance of legacy UE

· One component carrier with the legacy frame structure and legacy signals should be kept;

· The spectrum of that component carrier should be distinguishable from the rest part of spectrum;

For the RRM and demodulation performance requirements, we derive the following conclusion.
· Conclusion 3: For RRM and demodulation performance requirements

· The existing RRM and demodulation performance requirements can be reused to UE working on the component carrier for the legacy access. 
· After designing the new physical layer structure, the new RRM and demodulation requirements are needed for the UE working on the rest part of spectrum.
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