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1   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. As the outcome, we would like to identify the constraints to the LTE air interface design for bandwidth flexibility and the necessary change for RAN4 specifications.

There are two aspects in this SI:
· Impact to BS/UE RF requirements together with implementation
· cell search performance for legacy UE
The first aspect is relevant to RF specification, while the latter one is more relevant to RRM part. In this contribution, we would like to focus on the second aspect.
Firstly we will try to summarize the cause leading to issue of legacy UE cell search. Secondly, we will review the discussion for CA with minimum spacing, where the same cause led to the similar issue and the solutions were discussed. Thirdly, based on the previous discussion, we will analyze the constraints to the LTE air interface design and impact on RAN4 RRM/demodulation specification. 

2   Issue and related pervious discussion
2.1   Possible issue of cell search for legacy UE
According to offline and online discussion, 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.
2.2   Related discussion on CA minimum spacing

In the previous RAN4 meetings, the similar issue was raised for the CA scenario with minimum carrier spacing. The similar legacy UE behaviour for cell search as discussed above was considered. 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 edges of carriers would be blurred. So the legacy UE 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.
For this issue, we should also note that some legacy UEs may not have the same problem. As reported in [4, 5], four UEs with chipsets from different vendors (other companies) can pass the cell acquisition test. But to ensure the good access performance for all the legacy UEs, it would be worthy to consider a general solution.
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.

[image: image1.emf]T

ra

n

s

m

issi

on

 

b

a

ndw

i

d

t

h

 c

on

fig

u

rati

o

n

100 kHz 100 kHz

100 kHz

2

0

 

d

B

300 kHz min channel spacing


Figure 1: Proposed occupied bandwidth requirement for intra-band contiguous CA [2]
The second candidate solution would be to set different power level between two carriers. The legacy UE may successfully estimate the spectrum shape and acquire the cell. The idea is shown in Figure 2.
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Figure 2: Setting difference transmission powers on the adjacent carriers

And the third candidate solution was also discussed offline, which is based on carrier aggregation and handover procedure. The legacy UE firstly acquires a single carrier and then handed over to the CCs with the minimum spacing.
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.
· Observation 1: To address the cell searching issue for CA with minimum spacing, several solutions are feasible and the key is to keep the spectrum shape of a carrier the same as the legacy one.
3   Discussion
In our view, 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 following part, we will analyze the solution based on previous discussion. 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 (Observation 1), the key is to keep one part of spectrum the same as a legacy carrier. In Figure 3, 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 3: 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.

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.
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.
4   Conclusion
In this contribution, we discussed the potential issue on cell searching for the legacy UE assuming that the flexible bandwidth is supported. We firstly clarified the issue and then reviewed the discussion on cell searching issue for CA with minimum spacing. The cause of both issues would be the same. Based on the proposed solutions for CA minimum spacing, we analyze the feasibility from the cell search aspect for all the three cases where a flexible bandwidth is covered by using a number of component carriers with the nominal bandwidths of LTE.
Based on the analysis, we conclude that it is feasible to support the legacy UE accessing when the flexible bandwidth is supported.
· 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 should be distinguishable from the rest part of spectrum;

· For example, the spectrum shape of it should be identical to that of the legacy carrier.
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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