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1 Introduction

The following were agreed at RAN2#60bis with respect to paging:
Radio frame calculation:

· Occasions evenly distributed in time throughout the DRX cycle

· Allow to not have a paging occasion every radio frame

Sub-frame calculation:

· Sub-frame location fixed in spec by a table mapping number of paging occasions per radio frame to the sub-frame numbers used. Mapping will be different for FDD/TDD. Can comeback if issues identified, e.g. with MBSFN - this should be noted in the CR as an FFS.

· Only have >1 sub-frame per radio frame when there is a paging occasion every radio frame
In this paper we focus on the relationship between paging and MBSFN. 
2 Discussion
Paging and MBSFN cannot be transmitted in the same sub-frames. Therefore, the available paging occasions depend on the MBSFN Sub-frame allocation pattern (MSAP). 
In each radio frame, sub-frames 0 and 5 cannot be a part of the MSAP. This yields 2 paging occasions per radio frame, i.e., 200 paging occasions per second. We first need to determine if this provides adequate number of paging occasions.
Since paging load is higher in densely populated areas, we consider some regions of very high population density and calculate the number of paging occasions needed. Some of the most populous cities in the world are [1]: Manila (41000 persons/sq km), Cairo (36000 persons/sq km), Lagos (20000 persons/sq km), Macau (16000 persons/sq km). 
Taking the Manila case, assuming cell sites with 3 cells with an inter-cell-site distance of 0.6 km, we approximate the number of users per cell to be ~ 16000.
We also use the Erlang-B formula to estimate the number trunked channels needed to support the cell:
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where u is the number of users in the system,

Au is the load in Erlangs offered by each user, and

C is the number of trunked channels.

Based on the traffic model in [2], we assume that each UE has one real-time call per hour for which the holding time is 90 seconds. This yields an offered load per user Au = 0.025 erlangs (25 milli-erlangs). We use u = 16000. Assuming a blocking probability of 0.5% and solving for C, we get C = 435 erlangs (i.e., 435 simultaneous voice calls per cell). Note that the offered load does not account for any non-real time traffic since we are trying to estimate the maximum number of idle mode UEs possible in a cell; the capacity of 435 simultaneous calls per cell is perhaps unrealistic in real deployments.
To estimate the number of pages and the number of paging occasions required, we first calculate the number of call setups. Using Little’s theorem
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, where N is the number of calls in the cell in steady state, 
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is the call arrival rate and T is the mean duration of the call, we get 
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= 435/90 = 4.8 calls per second per cell. Assuming 50% of these are UE terminated calls (requiring paging) we have 2.4 calls per second per cell that require paging. In many cases the first paging attempt fails and it is necessary to retransmit the page. We assume that on average a call establishment takes 1.25 pages. This yields 3 pages per second per cell. 
Paging is generally done over a tracking area; so in each cell many pages are sent for UEs that are not actually in the coverage of the cell. We assume that a tracking area consists of 50 cells. Thus we have 50 * 3 = 150 pages per second in each cell of the tracking area. 
Restricting paging occasions to sub-frame 0 and sub-frame 5 of each radio frame, we have 200 paging occasions per second, which is more than adequate for the above scenario. Note that multiple UEs can be paged in a paging occasion. 
It should also be recognized that the scenario above over-estimates the paging load even in highly populated areas.  Consider the following:
· We have not considered the capacity used for non-real time calls. In real deployments, a substantial portion of the capacity is likely to be taken up by non-real-time calls. Thus the capacity available for voice calls is expected to be lower than the 435 erlangs, reducing the number of pages. 
· In densely populated urban areas operators have larger number of (smaller) cells and smaller tracking areas, which reduces the number of UEs per cell.

· The number of users in a densely populated area will be split between multiple operator networks.

· The traffic model above does not consider paging related to text messaging. [3] suggests that the average number of text messages sent per UE is 10-15. To be safe, we use a number of 30 text messages per user per day. Given the 16000 UEs in the cell, this results in 2.8 text messages per second per cell that require paging. This results in an additional 175 pages per second in each cell of the tracking area (total of 325 pages per second). Assuming 200 paging occasions this is 1.625 UEs paged on average per paging occasion.
Based on the above analysis we believe that restricting paging to sub-frames 0 and 5 provides more than adequate paging occasions while eliminating any collisions with MBSFN sub-frames.
3 Conclusion
Based on the discussion above, it is proposed that RAN2 agree on the following proposal:
Proposal: Paging can be transmitted only in sub-frame 0 and sub-frame 5 of a radio-frame. 
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