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1. Introduction

It has been discussed in several earlier contributions and a number of issues have been raised how the downlink channels, e.g. SCH, BCH, PCH, etc., can be allocated in 20MHz band width [1]. For SCH transmission in 20MHz allocation, a working assumption was agreed in RAN1#46 [2]. We have proposed the allocation of PCH to a 10 MHz UE operating in a 20 MHz system bandwidth in which PCH is allocated in upper and lower 10MHz frequency layers and paging information is transmitted in either of 10MHz frequency layers depend on camping position of the UE [6]. 
In this document we further discuss PCH allocation issues to be aligned with the agreed SCH allocation, and again propose the PCH allocation to both frequency layers which can provide simple and flexible IDLE procedure when idle mode UE with 10 MHz capability is operating in a 20 MHz system bandwidth.
It should be noted that PCH and PICH are discussed jointly in this document, since requirement of physical allocation should be similar for them. For simplifying an explanation, only PCH is described but the following discussion includes and is applicable to PICH as well.
2. PCH for 20MHz cell
2.1. Physical allocation of Synchronisation Channel
The issue of PCH allocation for 20MHz cell is much related to SCH allocation, because SCH should be allocated so that idle mode UEs can monitor from their camping position. In RAN1#46, the working assumption on SCH allocation in 20MHz system bandwidth has been agreed as shown in figure 1 [2].
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 Figure 1 : Physical allocation of SCH
Considering the minimum maximum reception bandwidth capability of a UE is defined to be 10MHz, camping position of UE in frequency domain will be: Upper 10MHz Band, Lower 10MHz Band, or Centre 10MHz Band.
2.2. Physical allocation of PCH
Based on agreed working assumption of SCH, the physical allocation of PCH is discussed in this section. PCH allocation should be aligned with SCH allocation and compatible with UE receiving bandwidth capability definition.
Two alternatives for allocation of PCH can be considered as shown in Figure 2.
(1) At the centre of 20MHz bandwidth 
(2) Both upper and lower 10MHz frequency layer
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Figure 2 : Physical allocation of PCH
The following requirements can be identified for PCH.

· Frequency layer shift should be avoided in transition from LTE IDLE to LTE ACTIVE state. 
· Redundant transmission of PCH should be avoided.
In Method (a), PCH allocated at the centre of 20MHz bandwidth cannot be received by 10MHz capability UEs camping at upper or lower frequency layer without frequency shift operation, or it requires an enhancement of receiver band width capability. In addition, sharing physical resources between PCH and DL-SDCH at the centre band may introduce additional complexity for physical resource scheduling.

Method (b) in Figure 2 will introduce the overhead, since the same content is transmitted by both PCHs in duplicate. When PCH shares physical resources with DL-SDCH as found in some proposals, traffic load by duplicate transmission of PCH may consume the resource which had better to be allocated to other active UEs.
Then our proposed solution is shown in Figure 3.
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Figure 3 : Proposed Physical allocation of PCH
The UE camps in either of upper or lower 10MHz frequency layer as indicated by the network, and paging information is only transmitted by the PCH located at the frequency layer where the paged UE is camping. In this case the total traffic load would be the same as Method (a). In addition, the proposed method is consistent with sharing physical resources between PCH and DL-SDCH and with the last RAN1-RAN2 joint meeting agreement that paging group is used on L1/L2 Control Signaling channel, since L1/L2 Control Signalling will be allocated and transmitted within (or part of) either of 10MHz frequency layer.
The frequency layer of UE in LTE IDLE state should be controllable by the network. We propose that UE Identity (e.g., IMSI, TMSI) is used for identification between network and UE in location registration and paging as in UMTS. Therefore, specific signalling for negotiation of frequency layer between network and UE may be omitted, since UE Identity is known to both. This method can be applicable to UE with 20MHz bandwidth capability as well as 10MHz UE.
2.3. Consideration of MBMS case
In RAN2 #54 meeting, concern was raised for monitoring paging by UE while receiving the service on MBMS channel [3]. This section discusses an applicability of the proposed method in case of receiving MBMS services at the mixed cell in IDLE mode. 
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Figure 4 : Scenarios for Physical allocation of MBMS
We can consider three 10MHz band width MBMS service scenarios in the mixed cell:

(a) MBMS is only transmitted in Lower Band
(b) MBMS is transmitted in both Lower and Upper Band in duplicate
(c) MBMS is transmitted in either Lower or Upper Band depending on each MBMS Service
If a UE has capability of simultaneously receiving more than one frequency layer, there is no particular issue.

For the combined case in which different contents of PCH is transmitted in either Lower or Upper Band for supporting 10MHz capability UEs (proposed method) and MBMS service is delivered by the scenarios (a) or (c), the issue will be raised in the case that PCH and MCH are in different frequency layer and we need to seek a solution. 

Possible solutions for coexistence of MBMS service and PCH include:
(A) No management 
UE will monitor PCH at given period. 
If MCH and PCH are located in different frequency layer, the UE which is not capable of simultaneously receiving more than one frequency layer may miss MBMS reception for some frames. Network does not pay particular attention to that behavior.
(B) Network manages PCH band.
UE reports on preferred MBMS services to network (e.g., by including in location update or bearer setup message) and network manages so that the PCH at the same frequency layer as for the receiving MBMS service may be allocated for the UE.
From the view point of defining the specification, we should preserve enough flexibility. It might be operator's choice that if MBMS service will be delivered by duplicating to both frequency layers (scenario (b)), or on either of layers (scenario (a), (c)). Similar consideration can be applied to the PCH allocation mechanism to either frequency layer, we should provide flexibility in the specification. 
3. Conclusion

We have proposed the PCH allocation for 20MHz operating bandwidth. The followings is the summary of the proposal and be captured in the appropriate section of TS for LTE WI.
· PCH is allocated to both lower and upper 10MHz frequency layers in 20MHz operating bandwidth.
· Paging information for the particular UE is transmitted only in one PCH at the specific frequency layer. (no duplicated transmission)
· UE in LTE IDLE state receives PCH in either of frequency layers, which PCH is monitored by the UE is controlled by the network with the known algorithm. (e.g., decided by hashing of UE identifier)
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