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1. Introduction
In the last Rel-6 ad hoc meeting in Korpilampi, where we enjoyed plenty of snow, many contributions concerning MBMS notification were discussed [1]-[6]. Following open issues were identified for further discussion in R1#36.

· Question 1: How many indicators are to be transmitted? Requirement missing.
· Question 2: Is one MBMS indicator channel solution enough?
· Question 3: Which PICH solution is to be selected? 

In this contribution, we discuss those open issues and propose a possible way forward.
2. Summary of MBMS notificaiton
Before going into detailed discussions, it may be worth reviewing the related discussions in RAN2. 

Two possibilities for carrying MBMS notification indicators were discussed in RAN2. 

1) The MBMS notification indicator is transmitted on the unused part of PICH in low MBMS service load cell.

2) In high MBMS service load cell, the MBMS notification indicator is transmitted on the new MBMS specific PICH (MICH) having SF of 256. The MICH may have similar structure to the PICH, i.e., only 288 bits among 300 bits per frame could be used with leaving the last 12 bits unused.
MBMS notification procedure agreed in RAN2 is shown in Figure 1 and is described below.
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Figure 1: MBMS notification procedure
· Step 1: UE wakes up according to its DRX cycle. UE checks the value of its paging indicator on PICH and checks the value of the concerned MBMS notification indicator, which is carried on either the unused part of PICH or MICH. 
· Step 2: If the MBMS notification indicator is on, UE checks if notification for the concerned MBMS service is carried on FACH. For this, the notification contains MBMS Service ID. If the notification for the concerned MBMS service exists, the UE gets MBMS Radio Bearer info and configures MBMS radio bearer.
· Step 3: UE receives MBMS data. 
Current RAN2 understanding on the MBMS notification is as follows.
· The MBMS notification indicator is not specific to UE but specific to MBMS service.

· Notification is used to inform UE of the forthcoming MBMS session, session stop, or change of configuration.

· UE monitors both the paging indicator and the MBMS notification indicator with a single DRX cycle. 

· In order to guarantee that all UEs will detect the MBMS notification indicator at least once within a single DRX cycle, the MBMS notification indicator should be repeated at least during the longest DRX cycle (e.g. 5.12 sec).
· Association between the MBMS notification indicator and the S-CCPCH frame carrying the corresponding control information such as MBMS service ID is determined by higher layer signalling.

3. Discussion on the open issues 

3.1 Q1: How many indicators are to be transmitted?
According to the RAN2 scenario for MBMS notification, multiple MBMS services would be grouped into a MBMS paging group that share a MBMS notification indicator. Hence, larger number of MBMS services per a paging group will imply larger false alarm probability, which would result in the increased UE battery consumption. 

It was discussed in RAN2 that a few hundreds of MBMS service could be available in a cell. An example is shown in Table 1 to get an insight about the false alarm probability. Table 1 shows the worst-case false alarm probability Pfa = 1 – (Ns/Nm)-1 versus the number of indicators Nm. In Table 1, Ns denotes the number of services which have non-zero number of joined UEs in the cell. Results of table 1 are generated assuming that the UE is concerned only a single MBMS service among the ones sharing the same indicator.
Table 1: Worst case false alarm probability Pfa
	Nm
	2
	3
	6
	9
	18
	36
	72 
	144 

	Ns = 3
	NA
	0%
	0%
	0%
	0%
	0%
	0%
	0%

	Ns = 6
	66.7%
	50%
	0%
	0%
	0%
	0%
	0%
	0%

	Ns = 12
	83.3%
	75%
	50%
	50%
	0%
	0%
	0%
	0%

	Ns = 24
	91.7%
	87.5%
	75%
	66.7%
	50%
	0%
	0%
	0%

	Ns = 144
	98.6%
	97.9%
	95.8%
	93.8%
	87.5%
	75%
	50%
	0%


It is worth noting that the false alarm probability in the realistic situation would depend on the following factors.
· Number of MBMS services which have non-zero number of joined UEs in the cell. Table 1 shows that the false alarm probability would decrease significantly, e.g. even to 0%, as Ns decreases for the given number of indicators.
· MBMS service provision scenario. If the frequency of turning the indicator on is relatively small, even high false alarm probability will not necessarily mean the significant impact on total UE battery power consumption. For example, if the indicator that the UE is concerned is turned on once per 10 minutes, the false alarm event will occur at maximum 6 times per hour. For this case, we don’t need any additional mechanism to reduce the false alarm probability further.
Therefore, in our view, the false alarm probability would not be a serious problem in realistic situation.
3.2 Q2: Is one MBMS indicator channel solution enough?
As clearly seen in Table 1, it may be thought that a separate MICH is not needed for low load cell. However, it was questioned in the last Rel-6 Ad Hoc if there is any need for having two options. Some observations regarding this problem are given below:

· It would not be desirable to have two options for physical channel configuration unless there is a clear benefit.

· From the result of Table 1, employing only the unused part of PICH is not justified if we cannot neglect high load cell.

· Provision of MBMS is not code limited but power limited as shown by lots of simulation results in RAN WG1.

· Using a separate MICH for a small number of MBMS services provides the following benefits.

· Transmit power for MBMS notification indicators can be reduced. 

· False alarm probability could be reduced.
Considering the above observations, employing the unused part of PICH should not be recommended. We recommend having a single MBMS indicator channel that can support similar number of indicators as the current PICH, e.g., a separate MICH.
3.3 Q3: Which PICH solution is to be selected?
The indicator channel structures proposed in the last Rel-6 Ad Hoc can be classified into

· One-bit indicator approach [1,5,6]

· Multiple-bit indicator approach [2,3,4]
In this section, each proposed method is discussed. For one bit indicator approaches, transmit power analysis is given for each method in comparison with the antipodal signalling in a separate MICH whose signal constellation is shown in Figure 2.
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Figure 2: Antipodal signalling to carry MBMS-specific paging on MICH

For antipodal signalling on MICH, average transmit power and increase in peak power is given by 
[image: image3.wmf],,

2

avgantipeakanti

PP

=D=

.

Method 1) A separate MICH with reusing the current PICH structure [1]:
In this proposal, a separate MICH code channel is defined. MICH structure is basically reuse of the PICH structure with the following modifications.

· Sliding function of the paging indicators is not employed.

· On/off keying is used for MBMS-specific paging.
On/off keying signal constellation in MICH is shown in Figure 3.
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Figure 3: On/off keying to carry MBMS-specific paging on MICH

Benefits:

· Simplified reuse of the current PICH structure can provide gain of easy implementation. 

· There is no restiction on paging of multiple MBMS services at the same time.

· On/off keying can save the average transmit power. For example, average power saving gain is 76% for the paging on probability 
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Drawbacks:

· A new separate code channel is introduced. However, it is not considered as a crucial problem, since MBMS is not code limited but power limited.

· Peak power increase is 6dB larger than the antipodal signalling. It should be judged which aspect is more important among the average transmit power and the peak power.

Transmit power analysis:
Average transmit power for MICH is given by 
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Table 2 shows the average power saving gain compared to the antipodal signalling. 

Table 2: Average power saving gain of on/off keying in MICH
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Increase in peak power due to MICH is given by 
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which is 6 dB larger than that of antipodal signalling.
Method 2) Multi-level PAM transmission on PICH [5]:

MBMS-specific paging is also carried on PICH. PICH constellation is modified to a multi-level PAM (M-PAM) to employ on/off keying for MBMS-specific paging. Signal constellation is shown in Figure 4, where Euclidean distance between MBMS paging on/off signal points is the same as that of the antipodal signalling.
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Figure 4: M-PAM constellation to carry MBMS-specific paging on PICH

The meaning of each signal point is summarized as follows.

	Constellation point in Figure 3
	Rel-99 paging indication
	MBMS paging indication

	A
	ON
	OFF

	B
	OFF
	OFF

	C
	ON
	ON

	D
	OFF
	ON


Benefits:

· This method can avoid introducing a separate code channel for MBMS-specific paging.
· There is no restiction on paging of multiple MBMS services at the same time.

· On/off keying can save the average transmit power. For example, average power saving gain is 52% for the paging on probability 
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Drawbacks:
· Peak power increase is 9 dB larger than the antipodal signalling.

Transmit power analysis:

Additional average transmit power to carry M-PAM signal on the PICH is given by 


[image: image13.wmf]22

,

(2)(1Pr)(32)Pr216Pr

avgMPAMononon

P

-

=-+-=

.

Table 3 shows the average power saving gain compared to the antipodal signalling. 

Table 3: Average power saving gain of M-PAM in PICH
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Increase in peak power is given by 
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which is 9 dB larger than that of antipodal signalling.

Method 3) Rotated QPSK transmission on PICH [5]:

MBMS-specific paging is also carried on PICH. Additional phase is used to code the MBMS-specific paging together with the Rel-99 paging. The resulting constellation is QPSK rotated by 45 degree. Signal constellation of [5] is reproduced in Figure 4.
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Figure 4: Rotated QPSK constellation to carry MBMS-specific paging on PICH

The meaning of each signal point is summarized as follows.

	Constellation point in Figure 4
	Rel-99 paging indication
	MBMS paging indication

	E
	ON
	OFF

	F
	OFF
	OFF

	G
	ON
	ON

	H
	OFF
	ON


Transmit power analysis:

Additional average transmit power and peak power to carry the rotated QPSK signal on the PICH is given by 
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which is the same as those of the antipodal signalling in MICH.

However, it should be noted that this analysis underestimates the transmit power requirement, since there are more error events in decoding of paging signals compared to the separate MICH. For example, when the Node B transmits constellation point E, the possible error events for Rel-6 UE are as follows:

· Error events for Rel-99 paging: 

1. UE decides constellation point F

2. UE decides constellation point H

· Error events for MBMS-specific paging:

1. UE decides constellation point G
2. UE decides constellation point H

Therefore, to have the same error performance, larger average transmit power and peak power would be required than the antipodal signalling.

Method 4) Distributed MBMS notification indicators [6]:

In this method, MBMS notification indicators are transmitted in a separate MICH with employing on/off keying. Hence, transmit power charateristics is very similar to that of Method 1. The difference is that the MBMS notification indicators are distributed across the MICH frame. 
It is insisted that UE stand-by time can be reduced by reducing the average distance between the dedicated paging indicator and the MBMS notification indicator. However, the insisted gain is quite dependent on the actual timing relationship between the two indicators. The channel condition which UE is facing will also have big impact on the insisted gain. It is not justified how much gain in UE stand-by time can be achieved in realistic situation. It is also noted that reliability test of the MBMS notification indicator may increase UE complexity.
Method 5) Multiple bit indicator with block coding [2,3]:
In this method, MBMS service type indicator is introduced, which consists of multiple bits, e.g. 8 bits. And, the MBMS indicator is block-coded. 
Benefits:

Use of MBMS service type indicator may reduce the UE battery power consumption needed to decode the MCCH. However, it is not justified how much gain in UE battery power consumption can be achieved in realistic situation. The gain would be quite dependent on realistic situation as described in section 3.1. 

Drawbacks:

· The MBMS service type indicator cannot carry the paging for multiple MBMS types sharing the same indicator at the same time. This could cause severe restriction on flexible provision of MBMS services.
· If the same number of channel bits are assumed for a single indicator, the block coding of multiple bit indicator will naturally require higher transmit power than the repetition of one bit indicator.

· Different block coding schemes may be needed to accommodate different number of MBMS services per cell. This will result in additional complexity for implementing the encoder/decoder for each block coding scheme.
4. Conclusions
Considering the time schedule for MBMS WI, we believe that the MBMS-specific paging should be specified in a simple way as much as possible, unless the other alternatives provide incremental gain.
From this point of view, we propose the following way forward.
· A separate MICH code channel is introduced irrespective of MBMS load in the cell, since no significant gain is expected from having additional option of using the unused part of PICH.
· Current structure of the PICH should be reused with possible simplifications.
· Consider on/off keying as a candidate to reduce the Node B transmit power overhead.
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