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1. Introduction

In the RAN WG1#44bis/ RAN WG2#52 joint meeting in Athens initial proposals on paging were discussed. The desire to be able to use the payload region either for sending a paging message or for regular data transmissions in case there is no paging message to be sent has been expressed by a number of companies. It has also been decided in Athens that the paging control channel (PCCH) will be mapped to the PCH transport channel. However, many other details regarding the paging procedure have not been discussed or agreed on. This contribution provides details on how paging should be performed in LTE.
2. Paging Mechanism
To date no decision has been made regarding the general control channel structure for signaling scheduling control – in particular it has not been decided if the control channel is to be transmitted in a TDM or FDM fashion and whether the control channel is separately coded or jointly coded. However, it is safe to assume that in order to address a UE for data (i.e. other than voice) services the control channel will include a 9/12 UE identity (or larger as the case may be). Furthermore, the control channel signaling will include a short identity of the scheduled UEs in the sub-frame that will be used to identify the Resource Blocks (RBs) assigned to the UE. RBs can be individually assigned to the UEs scheduled in this sub-frame in support of channel dependent scheduling. 
2.1 Flexible Resource Mapping
In order to avoid ensure efficient resource utilization in the downlink it is useful to be able to dynamically assign resources for the paging channel as needed, as opposed to reserving resources for the paging channel. Thus the mechanism adopted for paging should be able to dynamically indicate to the UEs in idle mode, whether they are being paged and the resources that are being assigned for the paging message for the paging instant.
2.2. Reliability

To ensure high reliability for the paging channel at the cell edge a low coding rate (rate 1/3) with repetition (~3X) may need to be used. Since resource blocks need to be assigned on a sub-frame basis, i.e. a resource block cannot be assigned to a UE for a portion of the sub-frame, it might also be useful to apply frequency hopping with repetition across multiple sub-frames (for example over consecutive 2 sub-frames).

Additional tools to improve paging reliability such as longer TTIs may also be used. 

2.3 Paging Payload

The paging mechanism applies only in IDLE mode, i.e. the UE has no context in the eNode B. Thus the IMSI or similar identity (such as P-TMSI) will be used for addressing the paged UE. The IMSI is a 15 digit identity. This implies that the paging message considering the above mentioned requirements for reliability will span a significant portion of the sub-frame. In UMTS the minimum transport block size for the PCCH is 80 bits. In order to achieve 98% reliability, using rate 1/3, and a repetition of 3, 80 bits would occupy at least 20% of the payload region (i.e. between 2 – 3 resource blocks)
3. Proposal for Paging in E-UTRA
Taking into account these considerations, namely, the occupancy of the payload region by the paging message and the desire to be able to use channel dependent scheduled for the other scheduled UEs, it is proposed that the presence of a paging message be indicated using a paging specific identity in the control channel structure. The same pre-defined paging specific identity is used by all UEs in idle mode. A short identity is used to then map the paging identity to the resource assignment in the sub-frame as in the current proposals for the control channel.
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Figure 1: Paging Channel embedded in Control Signal using special Paging Identity in 0.5 ms sub-frame
The presence of the paging specific UE identity mimics the functionality of the PICH in Rel-6. As in Rel-6, UEs are grouped in paging groups according to their IMSI and wake up at pre-determined times based on the network specified DRX cycle. In the current proposal, UEs in idle mode waking up in a specific sub-frame based on their IMSI grouping will check to see if the paging specific identity has been included in the control channel; absence will indicate that there is no paging message to be received and the resources are then assigned to other UEs in active mode. Presence of the paging specific identity will be accompanied by indication of the resources that are mapped fro the paging message – this indication is provided by mapping the short identity based on the order of inclusion of the UE identity to the resource blocks.
In Figure 1 a representative 0.5ms sub-frame is shown based on TDM control channel structure. Note that an identical mechanism can be used for FDM control channels as well. Also the scheme proposed is independent of whether separate or joint coding is applied. In this example, UE1, UE2 and UE3 are in active mode and are being scheduled for normal data transmission. The control channel therefore includes the 9/12 bit UE identities of UE1, UE2 and UE3. In addition, some UEs wake up during this sub-frame in order to check if they are being paged. The special paging identity is included in the control channel indicating that a UE is being paged. UE with IMSI identity “abcdefghijklmno” finds it’s identity included in the paging message which in the current example is mapped to two Resource blocks in this sub-frame, The identity of the two Resource blocks containing the paging message is found by this paged UE by reading the RB allocation map that is part of the control channel.

The proposed scheme also allows for multiple UEs belonging to a paging group to be paged in the same paging message. In order to accommodate the smaller frame size in E-UTRA, longer TTIs can be used for paging with the control channel indicating this through a “duration of assignment” field for e.g. Alternately, system information can be used to further sub-divide the paging groups allowing for better management of paging message sizes with the same wake-up intervals.

4. Conclusion

In order to support the ability to re-use resources for data transmission in the absence of any paging messages or to be able to re-size the paging channel depending on load (either paging load or data traffic) it is beneficial to be able to configure the paging mechanism to dynamically utilize resources based on need. 
It is proposed that the paging control channel be embedded in the regular control channel structure and that a special paging identity (of identical size as the identity used to address UEs for resource assignment) be used to mimic the function of the PICH channel. In addition, the control channel structure is used to signal the resources being used for the associated paging instant thus allowing for the resources to be changed dynamically based on paging load and allow for channel dependent scheduling of UEs in active mode. Given the reliability requirements of the paging channel and the size of a paging message, no degradation in system throughput is seen due to the re-use of the control channel to address the paged UEs.
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