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Introduction

During the RAN2 #32 meeting in Xi’an, a MBMS notification solution by introducing paging indicators over unused part of PICH was presented together with the pros and cons. [1]
Samsung also believes that unused part of PICH can be effectively used for MBMS notification.

This contribution clarifies the Samsung’s solution on using the unused part of PICH for MBMS notification. And some expected impacts and corresponding solutions over Uu and Iub interfaces are also evaluated.
General description on MBMS Notification using paging

Following Figure 1 shows how paging scheme can be applied for MBMS notification for UEs in IDLE or CELL_PCH state.

[image: image1]
Figure 1: MBMS notification using paging scheme
If UE receives paging indicators over un-used part of PICH, then it checks paging message (PCCH) which carries TMGI in order to confirm whether it receives MBMS notification or not. In order to minimize power consumption, the same paging occasion is assumed for MBMS notification (i.e. un-used part of PICH) as that for normal paging scheme. After UE confirm its own paging for MBMS notification, it should monitor corresponding control information such as RB information. It is FFS which channel would deliver such control information.
As shown in Figure 1, UE operation for receiving MBMS notification is quite similar to current UE operation for receiving normal paging.
Following chapters show what kinds of impacts are expected in order to support the above MBMS notification scheme.

Coding of unused part of PICH
Following Figure 2 shows the current PICH frame structure [2]
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Figure 2: PICH frame structure

One PICH radio frame of length 10 ms consists of 300 bits; 288 bits are used to carry paging indicators. The remaining 12 bits are currently reserved for possible future use. 

In proposed solution, all of the reserved 12 bits or part of them can be used to indicate which MBMS group(s) is (are) paged. In order to make it possible, conventional PICH coding method can be applied for the reserved 12 bits with some modifications on parameters.
In each PICH frame, Nm paging indicators {P0, …, PNm-1} are transmitted, where Nm=1, 2, 3, 4, 6, 12.
The PI for unused part of PICH also can use current PI calculation method with trivial modification as follows.

PI (unused part) = (TMGI div 8192) mod Nm
The PI (unused part) for a certain UEs which shares TMGI (i.e. joins the same MBMS service), is associated to the paging indicator Pq, where q is computed as a function of the PI (unused part), the SFN of the P-CCPCH radio frame during which the start of the PICH radio frame occurs, and the number of paging indicators in the reserved 12 bits (Nm):
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Further, the PI (unused part) is associated with the value of the paging indicator Pq. If a paging indicator in a certain frame is set to "1" it is an indication that UEs associated with this paging indicator should read the corresponding frame of the associated S-CCPCH.

The mapping from {P0, …, PNm-1} to the PICH bits {b288, …, b299} are according to the following Table 1. 

Table 1: Mapping of MBMS paging indicators Pq to PICH bits

	Number of paging indicators in 12 bits (Nm)
	Pq = 1
	Pq = 0

	Nm=1
	{b288+12q, …, b288+12q+11} 
= {-1,-1,…,-1}
	{b288+12q, …, b288+12q+11} 
= {+1,+1,…,+1}

	Nm=2
	{b288+6q, …, b288+6q+5} 
= {-1,-1,…,-1}
	{b288+6q, …, b288+6q+5} 
= {+1,+1,…,+1}

	Nm=3
	{b288+4q, …, b288+4q+3} 
= {-1, -1,…,-1}
	{b288+4q, …, b288+4q+3} 

= {+1, +1,…,+1}

	Nm=4
	{b288+3q, …, b288+3q+2} 
= {-1, -1, -1}
	{b288+3q, …, b288+3q+2} 
= {+1, +1, +1}

	Nm=6
	{b288+2q, b288+2q+1} = {-1,-1}
	{b288+2q, b288+2q+1} = {+1,+1}

	Nm=12
	{b288+q} = {-1}
	{b288+q} = {+1}


Association between un-used part of PICH and S-CCPCH (PCCH)
In this section, the possible association between paging indicators in unused part of PICH and associated S-CCPCH (PCCH), which carries paging information (i.e. full of TMGI value) related to the paging indicators in unused part of PICH, is evaluated.

In current paging scheme, single PICH has its own associated S-CCPCH (PCCH) which carries paging message related to the paging indicators in PICH frame. Following Figure 3 gives the relation between PICH frame and the associated S-CCPCH frame.
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Figure 3: Timing relation between PICH frame and associated S-CCPCH frame

If the same association between paging indicators in unused part of PICH and the associated S-CCPCH is assumed, then there may be redundancy such as the same paging message (e.g. which includes the same TMGI value) would be transmitted repeatedly because paging for MBMS notification is group paging and the same paging occasion is assumed for MBMS notification as that for normal paging (e.g. paging for MBMS notification should be repeated in order to make sure that all the UEs, which joined certain MBMS service, received paging message).
The redundancy can be avoided effectively by introducing specific S-CCPCH which carries paging message (e.g. which transmit TMGI value) associated with paging indicators in unused part of PICH. Position and frequency of the specific S-CCPCH can be determined by RNC and can be informed to UE over SIB.
Following Figure 4 illustrates an example how paging indicators in unused part of PICH and specific S-CCPCH can be related.

[image: image5]
Figure 4: Example of mapping between paging indicator in unused part of PICH and S-CCPCH
Modification of PCH IubFP DATA FRAME
In order to support paging for MBMS notification using unused part of PICH, PCH IubFP DATA FRAME structure should be modified. Following Figure 5 depicts the example of modified PCH IubFP DATA FRAME structure.
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Figure 5: example of modified PCH IubFP DATA FRAME structure
In the modified PCH IubFP DATA FRAME, some unused parts of the frame are used for carrying MBMS specific information such as MBMS indicator (MI) and PI-bitmap for unused part of PICH.

MI is used to indicate whether or not the frame contains the PI-bitmap for unused part of PICH.
Considering the backwards compatibility, PI-bitmap for unused part of PICH can be appended in ‘Spare Extension’ part of the frame.
Conclusion

This document introduced the possible way to use paging for MBMS notification. In order to make it possible to use paging for MBMS notification, it was proposed that unused part of PICH be used for delivering paging indicators for MBMS notification. And it was proposed that TMGI be delivered over PCCH (paging message) in order to confirm UE of MBMS notification.
Some kinds of expected impacts were also clarified in this document. As an impact on Uu interface, it was also clarified how paging indicators in unused part of PICH can be associated with S-CCPCH (PCCH) which carries paging information (TMGI). Finally, it was also clarified what kinds of modification on IubFP DATA FRAME would be expected to support the usage of PICH for MBMS notification.
Samsung believes that paging using the unused part of PICH can be well applied for MBMS notification. And Samsung proposes that the proposed solutions be adopted as MBMS notification solution.
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