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1. Introduction

In RAN4 #78bis, there was first discussion for SI on LTE bandwidth flexibility enhancements [1]. System acquisition issue was discussed in RRM session [2][3] and following two options were proposed. 
· Option 1: Bypass the cell search problem by using flexible bandwidth cell only as Scell. 

· Option 2: Keep one part of spectrum the same as legacy carrier. 
In this contribution, we provide further discussion on system acquisition with flexible bandwidth. 
2. Discussion

System acquisition for flexible bandwidth
System acquisition was described in some detail in the context of minimum carrier spacing for CA. System acquisition is generally performed by searching for “spectrum boxes” where an LTE system is located. Some probes are used to locate the channel boundaries and determine EARFCN candidates where the UE searches for the synchronization signals. Figure 1 shows 2 possible spectrum shapes for a 10MHz and 20MHz systems. As long as the possible channel bandwidths are known, UE can try different combinations during the search. 
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Figure 1. System acquisition with different channel bandwidth
In the flexible bandwidth study item, it is proposed to use 2 LTE overlapping channels that in the end would create channel bandwidths different from legacy LTE channel bandwidth. This is depicted in Figure 2. In this case, cell acquisition is very difficult as the channel bandwidth is not known so the number of possibilities would be very large. Also, legacy UEs that search for “spectrum boxes” based on the legacy channel bandwidths would not be able to acquire such a system since they would not be able to find a suitable “spectrum box”. It should be noted that, even when legacy UEs find the box edges, they would not be able to acquire the system since synchronization channels are not in the center of the spectrum.
Observation 1. Legacy UEs will not be able to acquire a system using flexible bandwidth based on the proposal from the study item. 

[image: image2.png]eNodeB

Lesey UE





Figure 2. Flexible bandwidth deployment
Even for UEs that is aware of the flexible bandwidth, system acquisition would be a very complicated problem. Since there are many possible channel bandwidths, the UE would have to try many possibilities and the system acquisition performance would be degraded. We would like to point out that initial system acquisition delay and power consumption in out of coverage are very important design criteria for the user experience. As such, this should be carefully considered in the context of introducing flexible system bandwidth. 

Observation 2. System acquisition performance with flexible bandwidth would be degraded even for UEs that are aware of channels with flexible bandwidth because of the large increase in number system bandwidth candidates.
System acquisition via anchor CC
One obvious solution to bypass system acquisition problem is to allow UE to acquire the system via anchor CC that has legacy LTE spectrum. Once UE is synchronized to anchor CC, ERAFCN of flexible bandwidth CC can be provided to the UE by RRC signalling for handover or CA Scell configuration. This solution is generic in that both legacy UE and new UE can be benefit from it. As pointed out in the meeting, this solution has drawback that it cannot be applied for standalone deployment of flexible bandwidth cell. However, we can still consider system acquisition via anchor CC as high priority solution in case anchor CC is available in the operator’s deployment. 
Proposal 1. Consider system acquisition via anchor CC as high priority solution in case anchor CC is available in the operator’s deployment. 

RB puncturing
One solution proposed in [3] is puncturing both data and CRS tones in some RBs to make one part of spectrum look like legacy carrier as shown in figure 3. In this way, both legacy and new UE will be able to acquire legacy part of the spectrum. 
First we would like to point out that at least 2 RBs need to be punctured to provide enough separation between legacy part of spectrum and extended spectrum. Since channel spacing between intraband contiguous CA is determined as multiple of 300kHz, at least 300kHz gap should be guaranteed for reliable system acquisition. In case RB puncturing is adopted as baseline technique to facilitate UE’s system acquisition, RAN1 system design for flexible bandwidth should take it as a design requirement. 
Furthermore, sufficient dip in the spectrum should be guaranteed by appropriate spectrum emission requirement for eNB transmitter. We pointed out that there is no emission requirement for the guard band of intraband contiguous CA but RAN4 could not agree on specifying emission requirement to facilitate UE cell search for minimum channel spacing deployment due to infra vendor’s objection. 
It should be noted that RB puncturing leads to some loss in spectrum utilization and thus compromise spectrum utilization advantage of flexible bandwidth solution over CA solution. Furthermore, UE’s receiver performance could also be degraded due to CRS puncturing. New UE operating on extended spectrum has to rely on either narrow band CRS processing or wideband CRS processing while taking performance degradation due to CRS puncturing. These aspects should be considered in the system design. 
Proposal 2. For RB puncturing solution, 

· At least 2 RBs need to be punctured to provide enough separation between legacy part of spectrum and extended spectrum. 
·  Sufficient dip in the spectrum should be guaranteed by appropriate spectrum emission requirement for eNB transmitter. 
· RAN1 should take 2 RB puncturing as design requirement for flexible bandwidth. 
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Figure 3. RB puncturing [3]

Spectrum deboosting

Another solution proposed in [3] is deboosting one part of the spectrum so that other part of the spectrum looks like legacy LTE spectrum. According to our analysis, spectrum needs to be deboosted by at least 10dB to allow legacy UE to acquire the system. This solution has the drawback that deboosted part of spectrum would have significantly degraded spectral efficiency and coverage which will lead to large degradation in spectrum utilization. For new UE, two part of the spectrum will have unequal power and it may require many changes in physical layer processing including RRM measurement, CRS channel estimation and CSI feedback. 
Proposal 3. Don’t consider spectrum deboosting as a potential solution for system acquisition problem of flexible bandwidth. 


[image: image4.emf]X dB


Figure 3. Spectrum deboosting [3]

3. Conclusion
In this contribution, we provided further discussion on system acquisition with flexible bandwidth. Our observations and proposals are

Observation 1. Legacy UEs will not be able to acquire a system using flexible bandwidth based on the proposal from the study item. 

Observation 2. System acquisition performance with flexible bandwidth would be degraded even for UEs that are aware of channels with flexible bandwidth because of the large increase in number of candidates for search. 

Proposal 1. Consider system acquisition via anchor CC as high priority solution in case anchor CC is available in the operator’s deployment. 

Proposal 2. For RB puncturing solution, 

· At least 2 RBs need to be punctured to provide enough separation between legacy part of spectrum and other spectrum. 
· Sufficient dip in the spectrum should be guaranteed by appropriate spectrum emission requirement for eNB transmitter. 
· RAN1 should take 2 RB puncturing as design requirement for flexible bandwidth. 
Proposal 3. Don’t consider spectrum deboosting as a potential solution for system acquisition problem of flexible bandwidth. 
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