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1. Introduction

As described in the requirement for E-UTRA/E-UTRAN [1], UE and NodeB with various bandwidth capabilities should be supported in E-UTRA/E-UTRAN. It is highly desirable to introduce a scalable structure to accommodate various combinations of UEs and NodeBs supporting different bandwidth capabilities by a unified scheme. For NodeB, it is required to efficiently accommodate UEs having different bandwidth capabilities. When NodeB accommodates many UEs supporting smaller bandwidth capabilities than that of NodeB, an efficient use and an effective allocation of frequency resource become very important concern. As far as the cell search is concerned, the proposal of scalable scheme commonly using the central part of the DL spectrum can be found in another contribution [2].
In this document, we discuss frequency band allocation to UEs in idle and DRX/DTX mode, and propose that the UE shifts the frequency band to an appropriate position for monitoring paging information after the initial cell search was conducted.
2. Discussion
For an execution of cell search and synchronisation, the proposal [2] using the central part of the DL spectrum is a good way to provide scalable and unified scheme regardless of UE and NodeB transmission bandwidth capabilities. By the proposed cell search and synchronization method, UE with smaller bandwidth capability than that of NodeB, i.e. UE allocated to a partial bandwidth of NodeB, will shift the frequency band to a particular position when turning into active mode as shown in Figure 1. We believe that the band allocation for smaller bandwidth UEs should be distributed throughout the supported bandwidth of the NodeB for an efficient spectrum usage and for avoiding congestion at the central part. On the contrary, it could also be discussed that all the smaller bandwidth UEs would be allocated to the central part of the spectrum both in cell search and in active mode. Since a deployment of many small bandwidth UEs could be a scenario for low complexity implementation, a distributed band allocation of such UEs should be a very important aspect for E-UTRA/E-UTRAN.

Further to the discussion above, the idle mode and DRX/DTX mode will be defined for UE state transition between the cell search and the active mode. Then, an issue is raised when UE should shift the frequency band after an initial cell search. In the following section, we propose that UE is camped in the frequency-shifted position in idle and DRX/DTX mode after initial cell search, because the traffic load for idle mode UEs under the NodeB should be distributed in the NodeB bandwidth taking frequency resource efficiency into consideration.
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Figure 1 the frequency shift of UE in active mode
3. Proposal

In this contribution, Camped Position is defined as frequency band where idle or DRX/DTX mode UE is camped in. The bandwidth of Camped Position should be defined to have a bandwidth equal to minimum bandwidth supported by all UE classes, which UEs with different maximum bandwidth capabilities can receive and decode. In the following examples, Camped Position with 1.25MHz bandwidth is assumed leaving the discussion of minimum bandwidth definition of different UE capabilities for another contribution [3].
It is our opinion that frequency shift operation is desirable not to be occurred quite often. Even though the frequency-shifted position for particular UE may be decided dynamically by resource allocation and traffic load condition, static allocation by pre-defined manner can be a basis of decision methodology reducing computational complexity.
We consider that paging indicator and paging information are mapped within the Camped Position, where UE in idle mode or DRX/DTX mode is awaiting for the paging indicator and UE is not necessary to shift the frequency band to receive paging information after a detection of the paging indicator. This means that idle mode UE or DRX/DTX mode UE can monitor the Camped Position without shifting frequency band until the UE receives paging information, i.e. UE will stay in the Camped Position unless UE is indicated to make a frequency shift receiving the data directed to the UE. In other words, this document does not consider that paging indicator and paging information are mapped in different frequency band, where UE needs frequency shift to check paging information after detecting paging indicator.
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Example (1): central position
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Example (2): distributed position
Figure 2 the deployment method of Camped Position
Figure 2 shows alternatives of the deployment method of Camped Position. In both examples, UE can wait for detecting paging indicator and paging information at the Camped Position with a scalable structure for different bandwidth capabilities of UE and NodeB. 
Example (1) shows that Camped Position for all UEs is located at the central part of the DL spectrum regardless of bandwidth capabilities of UE and NodeB. In this example, all UEs monitor paging indicator and receive paging information at the same central part, and then shift to the appropriate band when the UE transits to active mode.
Example (2) shows that Camped Positions are distributed throughout the NodeB supporting bandwidth. UE will shift to the specified band after initial cell search and synchronization to monitor paging indicator and to receive paging information. It is assumed that UE registration and network attachment procedure will also be conducted at the frequency-shifted Camped Position in this example. It should be reminded that the example (2) does not preclude further frequency shift when UE makes a state transition to active mode.

The followings discuss advantages and disadvantages of example (2) in comparison with the example (1).

Advantages:

· Not all UEs may be affected by the degradation of particular frequency channel condition (i.e. the central part), because Camped Positions are distributed to different frequency bands.
· Since primary grouping of UEs are already introduced when shifting to one of the Camped Positions, it is possible to simplify and reduce the paging information identifying particular UE.

· In addition to the above, for most of the cases, UE in transition to active mode can stay in the same frequency band position as the Camped Position depending on availability of resource. This leads to reduce a need of frequency shift operation to another frequency band in activating UE from idle or DRX/DTX mode.

· When considering a transmission of short information dedicated to the UE in idle mode without activating the UE, the traffic load of such information can be distributed to Camped Positions realizing efficient frequency resource usage.  (e.g., SMS for camped in UE without activation).
Disadvantages:

· UE may have to shift the frequency band for receiving Common Control CH and/or Synchronisation CH in case of need, if they are mapped and transmitted only at the central part of the DL spectrum where initial cell search is conducted.
· On the other hand, to avoid frequency shift operation for receiving those channels, they should be copied and also transmitted at the frequency shifted Camped Positions. This will results an introduction of redundant and overhead information.
· Efficient and fair allocation scheme of Camped Position is necessary to be defined to distribute UEs uniformly in the NodeB bandwidth avoiding unbalanced allocation. If the allocation scheme is by a pre-defined way, this should be commonly known for both UE and NodeB. (However, this may be solved by applying UE specific information based algorithm.)
4. Conclusion

In this document, we have proposed the scalable method of monitoring paging indicator and paging information for idle mode UE and DRX/DTX mode UE, which UE shifts to the specified frequency band to be camped in after initial cell search. As the proposal has had some advantages against the method of all UEs staying at the central part of NodeB supporting bandwidth, it should be adopted as a candidate for further investigation in the Work Item phase.
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