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1 Introduction
For paging channel (PCH) and paging indicator channel (PICH), there are some general agreements that have been achieved, such as mapping paging channel to physical downlink shared channel [1], and PICH is necessary to indicate the presence of paging information [2]. However the detail of paging information transmission has not been decided. In this document, it will discuss the transmission structure of paging information and analyze the MBSFN impact on paging transmission; finally two solutions are given for the paging transmission with respect to the influence from MBSFN.
2 Discussion
2.1 Transmission structure of paging information
The paging is mainly applied for the UE in idle mode. An efficient paging procedure should allow idle UE to sleep without receiver processing most of time and only wake up at some predefined time instants to monitor the paging information from network [3], i.e. idle UE does not need to monitor paging information at any time instant. For LTE, idle UE could only wake up at predefined sub-frames (DRX cycle configured by higher layers) to detect PICH, and then perform further processing according to the detail of PICH. PCH is always operated together with PICH. PCH is mapped to downlink physical shared channel, and PICH serves the function of PDCCH which is transmitted in the control region. Firstly PICH would indicate whether the paging information is presented in a certain subframe for idle UE. If there is not PICH at the predefined time instant, the UE needs not to further decode PCH for paging information, which can make UE go to sleep mode for power saving. Secondly in case the presence of paging information, PICH would also indicate the time frequency resources assigned for PCH, and then UE needs to decode the PCH for paging information based on the PICH indication.
In order to enable an efficient paging, a UE is allocated to one of a number of paging groups according to a certain rule. The paging groups are located in different subframes in one DRX cycle. For example, if the DRX cycle is 80ms, and then paging capacity could be 80(the number of paging groups)×m (the number of UEs per paging group). Based on the above discussion, the paging mechanism is illustrated in Figure 1[3] [4].
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                                                       Figure 1 the illustration of paging mechanism 
Note: Figure 1 is only for illustration, and assumes there is paging information in two paging occasions. 
2.2 MBSFN impact on paging transmission
MBSFN is an important service that should be supported in LTE. The current conclusion for MBSFN is only TDM on subframe basis of data transmission on MBSFN and non-MBSFN is supported [5]. Because the paging occasion for different paging groups are located in different subframes in one DRX cycle, then there is the possibility that some paging occasions locate in MBSFN sub-frames. In this case, if there is paging information in the paging occasion, then PICH and PCH are needed to be transmitted in such MBSFN sub-frame. PICH can be transmitted in the first or second OFDM symbols for unicast control in MBSFN subframe; however it is not feasible to transmit PCH in the data region of MBSFN subframe. For MBSFN, all the cells in the same SFN area would transmit the same data using the same time frequency resource; in this scenario it is difficult to transmit PCH in the MBSFN subframe because there is no PDSCH available according to current conclusion [5]. Furthermore, reserving resources in MBSFN subframe only for the purpose of paging transmission is inefficient because of the uncertainty of the existence and the size of paging information.
The paging procedure design should consider the above problem. That is, how PCH should be transmitted when paging occasion locates in the MBSFN subframe and there is paging information for transmission, PICH is transmitted as usual. With respect to this problem, two optional solutions are provided in the following.
Solution 1: 

The paging occasion is mandatorily located in the subframe 0 and subframe 5 of each frame. In this case, paging transmission will not be affected by MBSFN because the two subframes are unicast subframes [6]. However paging capacity may be restricted due to the less paging groups in one DRX cycle. If there are more UEs per paging group, the more often a UE needs to wake up from sleep mode to monitor PICH; therefore considering the UE power saving, it is not feasible to improve paging capacity by increasing the number of UEs per paging group in case of the limited number of paging groups. 
Solution 2:
When the paging occasion locates in a MBSFN subframe and there is paging information for transmission, PICH is transmitted as usual, and PCH is transmitted in the following subframe 0 or subframe 5 which comes first. The scheduling information for PCH is still indicated in PICH, only that UE needs to receive PCH in different subframe. In this case, because the time interval between paging occasion and paging transmission is limited within 5 ms, there would not be large delay for the paging response compared with usual paging.
For the two solutions above, they solve the problem from MBSFN impact on the paging transmission; however paging capacity is restricted to a certain extent in solution 1. Considering this, solution 2 is preferable.             
3 Conclusion

In this document, it discusses the transmission structure of paging information. Particularly the impact of MBSFN on the paging transmission is analyzed in detail, and two optional solutions are given with respect to the impact from MBSFN. We propose the MBSFN impact on paging information transmission should be considered during the design of paging procedure.
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