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1 Introduction

At the Rel-6 adhoc meeting in Cannes, the notification procedure was further discussed within RAN1 ([1], [2]). It was decided to introduce a notification procedure that could equally cope with low and high load on the MICH, while ensuring a low false alarm probability.  Based on a physical channel structure similar to the PICH, RAN1 endorsed, as a working assumption, the decision to map the notification message over a sequence of notification indicators NI transmitted over the frames composing a modification period. During this modification period, each UE monitoring the MICH should read several notification indicators of the notification indicator sequence associated with the MBMS services of interest. It has been shown in [2] that such a method would enable a flexible and efficient usage of the notification procedure over the MICH and showed superior performance in terms of false alarm compared to a signalling approach based on a single repeated notification indicator.

The aim of this contribution is to move a step forward in this issue and to propose an efficient and power saving implementation of this notification procedure. After stating the design rules of the notification procedure in section 2, an efficient solution for the mapping of MBMS service Id onto notification sequence is proposed and compared with other alternatives in section 3. Then the UE behaviour during MBMS notification will be discussed in section 4.

2 MBMS notification

2.1 Design targets for MBMS notification procedure

During MBMS Stage 2 and at the last RAN1/2 adhoc meeting, the following aspects were considered capital for the success of the notification procedure. 

We reiterate here these design targets.

· Low probability of false alarm

· Minimum UE power consumption

· Simple and straightforward implementation

· Possibility of implementation optimization  

2.2  Proposal for a notification procedure

As stated above, RAN1 agreed to signal the notification of an MBMS session with the help of a notification sequence transmitted over the complete modification period. The notification procedure itself can be subdivided into the two following areas that can be treated independently from each other

1. Transmitter side: The method for mapping the notified MBMS service Id onto the notification sequence

2. Receiver side: The UE behaviour when monitoring the MICH during the modification period 

3  Transmitter side: Mapping of MBMS service Id onto notification sequence 
In this section, a proposal for the mapping of MBMS service Id onto the notification sequence is presented. This is performed in two successive steps where (1) the MBMS service Id is first mapped onto an MBMS service group Id and (2) where this MBMS service group is mapped onto a notification sequence. The second mapping method is based on the cyclic transmission of notification coordinates.
3.1 Mapping between MBMS service Id onto MBMS service group

Because of the number of available MBMS service Ids (TMGI) currently considered by CN1 WG (3-6 octets without CN header), it is required to map the MBMS service Id onto MBMS service group in a similar way than IMSI is mapped onto paging group for normal paging procedure.

The following mapping function is proposed
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where M is the MBMS service group size.
3.2 Mapping between MBMS service group onto notification sequence

The core idea of the second step is to signal the notification of the MBMS service group n with a repeating notification sequence composed of K notification indicators, which positions indicate the K coordinates of the MBMS service group Id n
. 
The number of notification sequences (=MBMS service group) that can be differentiated by the UE reading K frames within a modification period is M=Nni^K. This number directly impacts the probability of false alarm with an inverse proportional manner [2].  

In order to give a simple example, which shows the simplicity of the proposed method, let us assume that a notification sequence n is identified by K=3 coordinates.
With Nni set to 18 and K=3, M= Nni^K=5832 notification sequences can be distinguished by a UE reading the K=3 coordinates. This will ensure a very low probability of false alarm. Graphically, the MBMS service group Id n can be regarded as belonging to a cubic space of side Nni as shown in Figure 1.
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Figure 1- Cyclic transmission of notification coordinates (K=3)

Given the MBMS service group Id n, the relations of the coordinates x, y and z with n are given by the following equations.
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where x, y and z are integer number between 0 to Nni –1.

Over the modification period, the coordinates (x,y) could be periodically repeated and, based on the SFN value, the UE could identify which of the coordinates is currently transmitted as shown in Figure 2.
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Figure 2- Cyclic transmission of MBMS service group coordinates

When a UE joins a particular MBMS service, it receives the corresponding TMGI (service Id + MCC and MNC). It can easily compute the associated MBMS service group Id n and its x, y and z coordinates with the help of the equations 1 and 3. This computation takes place only a single time and no further computation is necessary. No running process tracking the evolution of a notification sequence is necessary.

Finally, the same principle can be extended to longer notification sequence without any problem and generalized equations, equivalent to Equations 2 and 3, are given in the Annex A.

3.2.1 Proposal on the sequence length

As mentioned previously, the length K of the sequence can be set to any values. However in order to limit the signalling burden of a complex reconfiguration procedure, it would be better if the sequence length K could be fixed. The next table shows the number of different MBMS service groups that can be notified depending on the number of notification indicators per frame.   

Table 1- Number of MBMS service groups with respect to K and Nni
	
	
	Nni

	
	
	18
	36
	72
	144

	K
	1
	18
	36
	72
	144

	
	2
	324
	1296
	5184
	20736

	
	3
	5832
	46656
	373248
	~3*10^6


It is proposed to select K = 3 as the number of MBMS service groups that can be distinguished by the UE, is rather large also with a small number of indicators per frame.  Moreover if the modification period contains at least 3 DRX cycles, the paging occasions defined for idle, cell_PCH and URA_PCH UEs would be sufficient to acquire all coordinates and no extra reading times would be necessary. 

3.2.2 Performance

First simulation results have been shown in [2] for several values of K. Further simulation results are presented in Figure 3 with K=3 and under a very demanding configuration (10 monitored MBMS services and 7 simultaneously notified services). All simulation assumptions can be found in Annex B.1.

For comparison purpose, the performances of a scheme using a single frame for carrying the information are shown as well. It can be straightforwardly concluded that the proposed scheme offers superior performance. 
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Figure 3- Probability of false alarm with K=3 

3.3 Comparison with other alternatives
3.3.1 Complexity

In [4], other alternatives have been proposed for the mapping of TMGI onto notification sequences based on various hashing schemes. One suggested proposal was to use an improved hashing scheme mapping the MBMS service Id onto a notification indicator q(SFN) as shown in the following equation.
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Where G = 216, and 
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Equation 4 requires the implementation of a new function in the UTRAN and UE physical layers. On the UE side, it would be required to calculate for each monitored MBMS services (joined MBMS multicast services and broadcast services of interest) the notification indicators to check and this for each read MICH frame. Although this extra computation burden may not be a huge problem for modern hardware, it would still require some computation power.
For comparison purpose, the number of operations for 10 monitored MBMS services required by each implementation is shown in the following table. Two types of computation are considered. First the computations that are required when receiving the MBMS service Ids after the joining step that are only performed once, and the operations that need to be performed every frame in order to identify the position of the notification indicators to be checked. 

Table 2- Number of UE operations for 10 monitored MBMS services

	
	Operation
	Improved hashing scheme
	Cyclic transmission of MBMS service group coordinates

	Initial computation
	Multiplication/division
	Not specified in [4]
	11

	
	Mod/div
	
	40

	
	Substraction
	
	10

	Operations per frame
	Multiplication/division
	22
	0

	
	Mod 
	21
	0

	
	16-bit Xor
	10
	0


It can be concluded that the improved hashing scheme would require more calculation than the solution presented in this document but both approaches should not cause any significant computation problem at any MICH load.

3.3.2 Performance 

In order to provide a comparison of the different proposals, some simulations based on the simulation assumptions presented in Annex C have been performed. Simulation results with the improved hashing scheme have been extracted from [4]. 

The results are shown in the following table.

Table 3- False Alarm comparison
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	Improved hashing scheme 

(From [4])
	0.14%
	0.84%

	Cyclic coordinate transmission
	0.02%
	0.36%


The cyclic coordinate transmission scheme seems to perform better than the improved hashing scheme presented in [4]. 

Because of its simplicity and its lower complexity and its better performance, it is proposed to adopt the cyclic coordinate based method for the mapping of MBMS service Id onto notification sequence. 

4 Receiver side: UE behaviour when reading MICH

During stage 3, one of the working assumptions regarding UE behaviour when reading MICH was to allow the decoding of the MICH at any time during the modification period. This working assumption was incorporated into 25.436 section 5.2.4. The only requirement from a function point of view is that the UE shall check the MICH and perform a reliable decision on the notification of the MBMS services of interest once every modification period. Therefore it may be beneficial, in case of bad radio conditions, to read several times the MICH over a DRX cycle in order to increase the reliability of the decoding process by combining several instances of the same notification indicator. Moreover the introduction of a notification sequence may not necessarily imply more frames to be read compare with the R99 paging procedure. Indeed if the radio conditions give a sufficiently reliable MICH decoding, it might be sufficient to read the MICH during the paging occasions defined by the paging procedure. With the proposed scheme and if the modification period contains at least 3 DRX cycles, all 3 coordinates can be read during the paging occasions. 

Finally, UEs in Cell_FACH state shall also monitor the MICH. These UEs, in contrary with UEs in other states, haven’t any specified paging occasion (paging procedure) but measurement occasions are defined (inter-frequency measurement). Specifying MICH reading times for these UEs would lead to a complex and unnecessary over-specification of the standard.  

Regarding the notification decision algorithm, it should be possible to implement several decision algorithms. In [1] and [4], a simple decision algorithm based on a fixed number of MICH samples has been presented but one could image a more power saving solution. As the notification information stays constant over the modification period, the UE might be able to perform an hard decision (positive or negative) before the end of the modification period (e.g. during the first DRX cycle), which makes further decoding of the MICH not necessary. With the proposed method, this could happen when the first read coordinate doesn’t match any MBMS service of interest. 

Conclusion: As agreed during the stage 2 of the MBMS WI, it is therefore proposed not to specified the MICH reading times within the modification period for idle mode, Cell_PCH, URA_PCH and Cell_FACH UEs, nor the decision algorithm. What should be specified in 25.331/ 304 is that the UE shall perform a reliable decision on the notification of MBMS service every modification period. Additionally, RAN4 should in due time specified performance requirements for the MICH reception as this was done in Rel-4 for paging purpose
. This would keep the specification as homogenous and simple as possible on this matter. 

5 Conclusions
This document proposed an efficient solution for mapping MBMS TMGI onto notification sequence and compared this solution with alternatives in terms of complexity and performance (false alarm probability). The UE behaviour when reading MICH have been also discussed and the following guidelines are proposed for the completion of MBMS in TS25.304: 

1. To agree on the simple, efficient and power saving solution for the mapping of TMGI (e.g. MBMS service ID) onto MICH notification indicators as presented in section 3.2.

2. To leave room for smart UE implementation and keep the MICH reading times within the modification period for idle mode, Cell_PCH, URA_PCH and Cell_FACH UEs unspecified as agreed during the stage 2 of MBMS.

If these points were agreeable by the group, Panasonic would be happy to provide the necessary CRs to TS25.304.
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Annex A – Generalized equations for cyclic notification sequence

For a sequence of length K, the MBMS service group can be identified with K coordinates as follows:
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where Xi,n 
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[0, Nni-1] and Nni is the number of indicator per MICH frame.

The coordinates may be calculated as follows:
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It shall be however noted that alternatives for Equation 8 exist.

Annex B – Simulation Assumptions – Cyclic transmission of K coordinates

The following table presents the simulation assumptions used in section 3.2.2.

Table 4- Simulation assumptions

	Parameter Name
	Value

	Number of tries
	1000000

	TMGI space size
	6 octets

Service Id =3 octets

MCC/MCN =3 octets

	Distribution of TMGIs
	Uniform

	Transmission, propagation channel and receiver characteristics
	Error free

	Number of indicators within 1 MICH frame (Nni)
	Variable

	Number of MBMS services monitored by a UE
	10

	Number of MBMS services notified simultaneously
	7

	Number of coordinates for cyclic transmission scheme (K) / Number of read MBMS frames
	3

	False alarm criteria
	K detected collisions for at least one monitored MBMS service


Annex C – Simulation Assumptions for section 

The following table shows the simulation assumptions considered to estimate the performance of the cyclic coordinate transmission method presented in section 3.3.2. In order to provide a fair comparison, the same decision algorithm as presented in [4] has been used: a false alarm on a specific MBMS service is declared when at least K-1 collisions occurs within K MICH samples.  This intention of this assumption is to take into account a non-error free physical layer but would put some requirements on the UE implementation.

Table 5- Simulation assumptions

	Parameter Name
	Value

	Number of tries
	1000000

	TMGI space size
	6 octets

Service Id =3 octets

MCC/MCN =3 octets

	Distribution of TMGIs
	Uniform

	Transmission, propagation channel and receiver characteristics
	Error free

	Number of coordinates for cyclic transmission scheme (K) / Number of read MBMS frames
	5

	Number of indicators within 1 MICH frame (Nni)
	144

	Number of MBMS services monitored by a UE
	10

	False alarm criteria
	At least K-1 collision detected for at least one monitored MBMS service





� The MICH is composed of Nni notification indicators, which are identified by their position within the frame.


� TS25.101 contains performance requirements for paging procedure only in its Rel-4 version due to historical reasons.
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