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1 Introduction
 Although the paging channel structure and paging mechanism were discussed in the last RAN2 #52 meeting, no agreement has been made on the concrete structure and mechanism. This contribution discusses the paging issue in an attempt to draw out the conclusion.
2 Discussion
2.1 Necessity of Paging Indicator
 Whether to use paging indicators (PI) or not, is a major issue that needs to be clarified. Figure 1 compares the cases where a paging indicator (PI) is used (as in UMTS) and not used. If PI is used, the UE decodes the paging channel (PCH) only if the UE is indicated to do so by the PI. In contrast, if PI is not used, PCH must always be decoded. The number of bits of a PI would be much smaller than that of a paging message carried on the PCH. Thus, the time the UE needs to be awake is much shorter when the PI is used. This will provide significant gains in terms of battery saving in the UE. As such, PI should be configured in LTE.
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Figure 1:  Necessity of Paging Indicator.
2.2
Physical Channel for Paging Indicator
 Candidates for the physical channel structure to send PIs are as follows:
· PICH

· PICH sends eNB specific (intra-eNB common) paging indicators.

· DL L1/L2 control channel

· DL L1/L2 control channel sends cell-specific L1/L2 related control information.

If the PICH is defined in addition to the DL L1/L2 control channel, soft combining can be applied to the PICHs of intra-eNB cells, because the PICH sends eNB specific paging indicators. Hence, it is preferable to define the PICH to transmit eNB specific paging indicator.
 Figure 2 shows an example of the PICH transmission method. In the example of Figure 2, the PICH is multiplexed onto the same OFDM symbol interval as the L1/L2 control channel by distributed transmission. Note that other cell-specific control information are sent by the L1/L2 control channel, whereas the eNB common PI information is transmitted by the PICH, to which soft combining is applied.
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Figure 2: Example method for PICH transmission.
2.3
Transmission Bandwidth for PICH and PCH
 The PICH and PCH should be transmitted in a pre-determined transmission band. It would be beneficial to assign the central part of the system bandwidth as the pre-determined transmission band for the PICH and PCH. This is to simplify cell search for neighbour cells having the same carrier frequency, as UEs can then avoid switching the center frequency for paging reception and cell search. In case the system bandwidth is 20 MHz as shown in Figure 3, two 10 MHz frequency blocks, each having independent L1/L2 control channels, would be defined. Nevertheless, only the central 5-MHz band shall be used as the pre-determined transmission band for the PICH and PCH.
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Figure 3: Example of resource assignment for PICH and PCH.
2.4
Contents of PICH and PCH
 The contents of PICH and PCH shall be as follows (Figure 4):

· Contents of PICH

· Paging Group ID: The UEs are divided into a number of paging groups. The group to which the UE belongs can be calculated from the IMSI or similar information.
· Number of RBs: The number of allocated resource blocks for PCH should be informed, because the eNB might page one or several UEs in the same paging occasion.
· Contents of PCH

· IMSI or TMSI
· Paging cause: The reason the UE is paged, indicated by upper layers.
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Figure 4: Example structure of PICH / PCH.
2.5
Paging Procedure

 We propose the following paging procedure:

1. Downlink data arrives at the UPE, and the UPE discovers that a connection has been established yet between the intended UE.
2. The MME/UPE checks the state of the UE and identifies the Tracking Area it is registered to.
3. The MME/UPE triggers paging in the identified Tracking Area. That is, the MME/UPE requests the eNBs, whose cell(s) constitute a part of the Tracking Area, to page the UE in those cells.
4. The eNB checks the paging group to which the UE belongs, and identifies the paging occasion (i.e., paging DRX timing). If the eNB is to page multiple UEs on the same paging occasion, the eNB multiplexes the paging messages of those UEs and transmits them on the same paging occasion.
5. The eNB triggers paging for the UE, using a relevant PI transmitted on the PICH.
6. The eNB transmits the paging message on the PCH, at the pre-determined timing related to the PI.

7. If the group ID to which the UE belongs is included in the PICH, the UE decides to receive the corresponding paging message transmitted on the PCH. If otherwise, the UE decides that it was not paged.
8. If the IMSI or TMSI is included in the PCH, the UE initiates an activation procedure. If otherwise, the UE decides that one was not paged.
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Figure 5: Example of paging procedure.
3 Proposal
The followings are proposed regarding the paging procedure in LTE:
· PICH is necessary for UE power saving.

· PICH should be defined as a different physical channel from the L1/L2 control channel.
· The transmission bandwidth for PICH and PCH should be pre-determined at the central part of the system bandwidth.
· The paging group ID and the number of resource blocks for PCH, should be transmitted on the PICH.
· IMSI or TMSI and the paging cause should be transmitted on the PCH.

· Paging procedure should be clarified.
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