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1.
Introduction
In this document, we discuss how to transmit a paging message in LTE.
2
Discussion
Similar to UMTS, we prefer to introduce the DRX cycle for paging and several paging occasions within one DRX cycle in a cell, as shown in figure 1. UE selects one of paging occasions based on UE identity and monitors only the selected paging occasion every DRX cycle. 
If paging occasion is 10 ms in length like UMTS, one paging occasion consists of 10 sub-frames. Thus, it is not desirable from UE battery perspective that UE monitors all sub-frames of the selected paging occasion, Thus, we prefer to configure paging sub-frames and allow UE to monitor only the paging sub-frames. The paging sub-frame transmits a paging indication and a paging message. 
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Figure 1. LTE Paging Transmissions

PI is used to help UE save battery. Thus, it is recommended that UE knows when PI is transmitted on a paging occasion. For this reason, it is desirable when PI is transmitted is fixed in time.
In UMTS, a RRC Paging Type 1 message is used to page one or several UEs. UMTS can page up to 8 users in one RRC Paging Type 1 message transmitted in 10 ms. The message contains the list of paging records and BCCH modification information. The paging record contains a paging cause and a UE identity. 
If we have a similar paging message structure in LTE, we assume that one paging message paging only one user would be at least about 5 ~ 6 bytes in size in minimum. With such size, one TTI i.e. 1 ms would be able to page only one user in 1.25 Mhz cells. We think that LTE would need to be designed in order to allow paging at least up to 8 users like UMTS.
One of solutions to solve this problem is to distribute pagings over paging occasion as shown in figure 2. For example, UE selects one of paging sub-frames in one paging occasion e.g. based on UE identity like paging occasion. UE monitors only PI on the selected paging sub-frame. eNB pages the UE by sending PI and a paging message on the selected paging sub-frame. Thus, paging is further distributed by selection of paging sub-frame.
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Figure 2. Distribution of Pagings in one Paging Occasion
However, still, there could be multiple UEs to be paged in one paging sub-frame after selection of paging sub-frame. Thus, sometimes one paging sub-frame could not page multiple UEs in one paging sub-frame due to small cell bandwidth.
Another solution is to have dynamic TTI length from 1 ms to 2 ms or 4 ms for PCH as shown in figure 3. PI indicates TTI length of the corresponding paging message and which resource block carries the paging message. The number of paging sub-frames in one paging occasion is set to the maximum TTI length. The paging message is transmitted on paging sub-frames.
When PI is transmitted is fixed. Thus, when there is no paging indication to UE, UE just reads PI for UE wake-up duration 1 of the figure 3. Only when there is paging indication to UE, UE receive PCH according to UE wake-up duration 2 of the figure 3.
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Figure 3. Longer PCH TTI
Instead of dynamic TTI, TTI length can be semi-static and set by system information. In this case, if UE reads PI indicating its UE identity, UE receives a paging message for the TTI length. Since TTI length is not dynamic, more padding could be added to the paging message. Thus, if longer TTI length is allowed, dynamic TTI configuration is preferred.
If dynamic TTI length is not agreeable, we could allow PI to indicate a resource block of a next sub-frame as shown in figure 4. For example, if one paging message of one paging sub-frame cannot page all UEs that should be paged, the second paging message can be created and transmitted in another paging sub-frame in the same paging occasion.  PI on the first paging sub-frame indicates the second paging message.
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Figure 4. Paging indication to a paging message at a next sub-frame
Since when PI is transmitted is fixed, even if UE needs to receive the second paging message, UE can wake up for UE wake-up duration 3 of the figure 4. If UE needs to receive the first paging message, UE wake up for UE wake-up duration 2 of the figure 4. UE can know when UE should receive its paging message based on PI.
3. 
Conclusion
In conclusion, we propose to have several paging occasions in one paging DRX cycle like UMTS and paging sub-frames carrying paging indications and paging messages. It is also proposed that when PI is transmitted is fixed in a paging occasion. Configuration of paging occasions and paging sub-frames in a cell is broadcast on system information.
In addition, we think when cell bandwidth is small, one TTI i.e. one paging sub-frame could not page all UEs that should be paged. In this case, we could have a longer TTI length of PCH as shown in figure 3. If it is not agreeable, when one paging message of a paging sub-frame is not enough for paging all required UEs, it is preferred that PI is allowed to indicate another paging message of a next paging sub-frame in a paging occasion as shown in figure 4.[image: image5.png]
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