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1. Introduction
During RAN2#50, we faced ambiguity of intra-F/inter-F definition, e.g. whether it is defined as intra-F or inter-F to the UE of 20MHz bandwidth capability in-between two consecutive 10MHz spectrum allocations (SA). Thus, companies’ view on scenarios of the scalable bandwidth and definition of intra-F/inter-F was invited for RAN2#51. Even though it was not touched at RAN2#51 due to lack of time, the definition of intra-F/inter-F was decided at RAN1#44. 
In this document, based on that intra-F/inter-F definition, we would like to present our view on how to support scalable bandwidth scenarios in the point of channel structure and measurement aspects. 
2. Discussion

TR25.913 states that LTE shall operate in SA, which can have various sizes from 1.25/2.5/5/10/20MHz (possibly with 15MHz) in both UL and DL. Minimum UE bandwidth capability was decided to 10MHz at RAN1#44. W.r.t. definition of intra-F, it was also agreed as follow at RAN1#41. [1]
 “Neighbour cell measurements performed by the UE are named intra-frequency measurements when the UE can carry out the measurements without re-tuning its receiver. This corresponds to the case when the current and target cell operates on the same carrier frequency and
· the UE maximum bandwidth capability is equal or larger than the network system bandwidth, or

· the UE maximum bandwidth capability is smaller than the network system bandwidth, but the UE is currently “camping” within a band so that the common channels of the target cell as well as the sub-carriers allocated to the UE on the DL shared channel are within the UE receiving bandwidth.”
Considering all points above, possible bandwidth scenarios can be classified into three cases as follow. 
· scenario#1: SA is beyond the bounds of the minimum UE bandwidth capability, e.g. the UE of 10MHz bandwidth capability in 20MHz SA
· scenario#2: SA is within the bounds of the minimum UE bandwidth capability, e.g. the UE of 10MHz bandwidth capability in 5MHz SA
· scenario#3: SA is same as the minimum UE bandwidth capability, e.g. the UE of 10MHz bandwidth capability in 10MHz SA

In section 2.1, we would like to show channel structure which makes each scenario work without consideration of measurement aspect. We focus on the scenario#1 and scenario#2 because scenario#3 is clear. In section 2.2, we also would like to discuss measurement aspect in those scenarios. 
2.1 Principle of channel structure and operation
Scenario#1:
Since the UE cannot receive all parts of the SA, it is important that channel structure should be able to guarantee all UEs to receive essential common control information (possibly plus some shared control information, e.g. paging for idle UEs) irrespective of where they are located in the SA. 

In designing channel structure, we also should consider MBMS impact since the MBMS jointed UE might need to move within the SA of the current cell depending on where the MBMS should be transmitted. In addition, it is desirable if the active UE can receive MBMS with other shared data/control simultaneously as much as possible. 
Regarding the multiplexing of MBMS in frequency, we make following observation. 
· At the need of load balance, shifting the active UE to the left/right 10MHz band in 20MHz SA for performance, simple channel structure and less signalling overhead is considered by several companies in RAN1

· Distributed channels over 10MHz would be needed for transmission of MBMS service
From these observations, we propose to

· place whole MBMS services to either of the left/right 10MHz band in 20MHz SA; or

· place a set of MBMS services to either of the left/right 10MHz band in 20MHz SA and the other MBMS services in the other side

It can be asked why not placing MBMS in the middle band of 10MHz instead of placing in either of left/right band? In the case, all active UEs should dynamically switch between the left/right band and the middle band to receive MBMS service(s) and shared data/control simultaneously, which is very complex to the UE. Meanwhile, if whole or a set of MBMS services are placed to the left/right band, the active UEs at the corresponding side do not need to do that because it can receive MBMS service(s) and shared data/control simultaneously without switching. Thus, it can reduce the number of active UEs to do that complex operation. 
With following assumption on essential control information, figure 1 illustrates possible channel structure when whole MBMS services are placed to the left/right 10MHz band in 20MHz SA. 
· Idle UEs: DL sync channel, pilot channel, system information, paging

· Active UEs: DL sync channel, pilot channel
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Figure1. Channel structure when the whole MBMS services are placed to the left band in scenario#1 
In the channel structure, SCH is double sized compared to 10MHz SA in order to enable the active UE to estimate SCH wherever it locates in SA. BCH and paging for idle UEs are transmitted once using the radio resource to guarantee all idle UEs to receive regardless of MBMS reception or not. 
Given channel structure from the figure 1, the UE can operate as follow. 
(1) The UE powers on, then it should perform cell search procedure to acquire DL synchronization by SCH and to detect RF carrier frequency

(2) The UE decodes system information via BCH

(3) The UE knows exact SA boundary by system information

(4) The UE should be able to be shifted to the left/right band in the SA if needed, e.g. due to load balance, MBMS reception, etc

· Idle UEs to receive MBMS would be shifted to the left 10MHz band implicitly

· Active UEs would be shifted to the left or right 10MHz band by explicit signalling or implicit rule from the equation, e.g. using UE id, etc
Based on the assumption that long cyclic prefix is used for MBMS, one drawback might be that short cyclic prefix cannot be used for shared data/control when MBMS service is transmitted in a single 10MHz side. 
Figure 2 illustrates another possible channel structure to reduce the drawback of figure 1. In this channel structure, a set of MBMS service are placed to the left/right 10MHz band in 20MHz SA. E.g. MBMS#1 is transmitted at the left band meanwhile MBMS#2 is transmitted at the right band. Since MBMS transmission can be scattered in time domain, the drawback of figure 1 can be reduced by half in principle. 
In the channel structure, SCH is designed as same as the figure 1. But BCCH and paging for idle UEs should be transmitted twice by using different radio resources to enable all UEs to receive it whever they locates in the SA. This is because E-NB cannot know which MBMS is joined by the idle UE. It means the idle UE can be either in the left or right band to receive certain MBMS service but E-NB cannot know that. 
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Figure2. Channel structure when a set of MBMS services are placed to the left/right band in scenario#1
[Principle#1]: considering minimum UE bandwidth capability, channel structure should guarantee all UEs to receive essential control information irrespective of where they arelocated in the SA. 
[Principle#2]: active UEs should be able to be shifted to the left or right band in the SA if needed, e.g. due to load balance, etc
[Principle#3]: either whole MBMS services or a set of MBMS services should be placed to the left or right band to increase the probability of receiving MBMS services and shared data/control simultaneously without UE complexity.
[Principle#4]: idle UEs should be able to be shifted to the left or right band in the SA if needed, e.g. due to MBMS, etc
[Details#1]: We would like RAN2/1 to discuss tradeoff when whole MBMS services are placed to the left or right band (figure 1) and when a set of MBMS services are placed to the left or right band (figure 2), and we also would like RAN2/1 to decide which way to go. 
Scenario#2:
Since the UE can receive whole SA, the main issue here would be whether to always receive essential information from next SA in addition. Essential information from next SA would be as follow. Compared to the scenario#1, paging is removed since we assume that paging does not need to be sent from the neighboring cells belonging to the different SA from the current cell. 
· Idle UEs: DL sync channel, pilot channel, system information

· Active UEs: DL sync channel, pilot channel

Figure 2 illustrates the case when the UE always receives essential information from next SA in addition. The question is if we mandate this behaviour by the specification or not. Except HO case, this behaviour has also drawbacks as follow. 
· The UE consumes more process and power even though it is not needed actually, e.g. when radio channel of the current cell is quite good enough 

· The UE might need separate FFT and decoder for next SA if DL timing is not aligned between two consecutive SAs

Thus, we believe it should be left as an implementation issue on whether to always receive essential information from next SA in addition or not. 
In the channel structure, double sized SCH is not needed. In addition, BCH and paging for idle UEs does not sent twice since SA is smaller than the minimum UE bandwidth capability, which means all UEs in the current SA however can read essential common control information wherever it is located in the SA. 
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Figure3. Description of scenario#2

[Principle#5]: the UE does not need to always receive essential information from next SA in addition even though it can do that without re-tunning of RF carrier frequency. 
2.2 Principle of measurement 
Within the SA of the current cell: 

As explained in scenario#1, section 2.1, idle/active mode UEs should be able to be shifted to the left/right band in the SA if needed. 
Then, the question is if we need measurement on the target left/right band within the SA of the current cell in shifting idle/active mode UEs. 
Considering 10MHz minimum UE bandwidth capability, we believe it is not needed since measurement pilot channel over 10MHz is quite big enough to represent whole channel condition for 20MHz. That is both of the left/right 10MHz band are similary favored by the UE. 
[Principle#6]: measurement on the target band when shifting UEs to the left/right band within the SA of the current cell is not needed

Out of the SA of the current cell:
The main issue on measurement of neighboring cells is how to control measurement for efficient UE power consumption. In UMTS, we have threshold based measurement rule for idle and connected mode UEs except CELL_DCH, e.g. threshold#1 to trigger intra-F measurement, threshold#2 to trigger inter-F measurement, etc. We believe similar mechanism would be applied to LTE as well. It enables idle UEs (possibly MAC dormant UEs) not to measure neighboring cells as long as the current radio condition stays relatively ok. 
There can be two issues as follow in applying this kind of threshold based measurement rule. 
· How E-NB to indicats set of neighboring cell list corresponding to each threshold?

· Which cells to be measured under condition triggered by each threshold?

For the former, E-NB cannot indicate intra-F and inter-F neighboring cell list on BCCH since E-NB cannot know whether a cell would be within bandwidth capability of idle UEs. One simplest solution might be E-NB just indicates all possible neighboring cells without any distinction of intra-F/inter-F neighboring cell list. Then the UE decide whether it is intra-F or inter-F neighboring cells based on its bandwidth capability and comparison of the current SA information and those of neighboring cells, i.e. center carrier frequency and bandwidth size info. This solution can be applied to both idle and active UEs. 
For the latter, in UMTS, it is defined to measure intra-F neighboring cells under the condition triggered by threshold#1, i.e. Sintrasearch and inter-F neighboring cells under the condition triggered by threshold#2, i.e. Sintersearch. We would like to exclude inter-RAT measurement case by threshold#3 in this document. In LTE, we question if all intra-F neighboring cells should be really measured under condition triggered by threshold#1. Note that a lot of neighboring cells belonging to different SA from the current SA could be intra-F neighboring cells for certain UEs. We believe there is no need of it and only neighboring cells belonging to same SA, i.e. same center carrier frequency and bandwidth size, had better to be measured first under the condition triggered by threshold#1. The UE measures all other neighbor cells under the condition triggered by threshold#2. 
[Principle#7]: threshold based measurement on neighboring cells should be also applicable for LTE idle UEs for efficient UE power consumption. It is FFS whether it is also applied to MAC dormant UEs or not.
[Principle#8]: For LTE, measurement on neighboring cellsbelonging to the same SA of the current cell is performed under the condition triggered by threshold#1. Measurement on all other neighboring cells is performed under the condition triggered ty thredhold#2. 
3. Conclusion

In this document, we present our view on how to support scalable bandwidth scenarios. If agreeable, we would like to reflect Principle#n and Details#1 in section 2 into TR25.813. 
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