
page 2

3GPP TSG-RAN WG1 #36
Tdoc R1-040251
Malaga, Spain, 16 - 20 February 2004

Agenda Item:

5.3
Source :
Samsung

Title:




MICH structure
Document for:

Discussion and Decision
1. Introduction

In [3], we have discussed open issues identified in the last RAN1 REl-6 AH regarding the MBMS notification. In that contribution, we also have proposed the following way forward considering the time schedule of MBMS WI. 
· 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.

In this document, the physical layer impact of having a separate MBMS specific paging channel (MICH) is analyzed and text for RAN 2 MBMS TS 25.346 is proposed.
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. Physical layer issues to support MBMS notification 

This section discusses about the physical layer issues to support MICH.
3.1 Position of MBMS notification indicator
Since the MBMS notification procedure is very similar to the dedicated paging procedure, the current method for calculating the paging indicator position defined in TS 25.211 can be referred to.
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(1)
Calculation of PI is defined in TS 25.304 as follows:

PI = DRX Index mod Np, where DRX Index = IMSI div 8192

Equation (1) was developed to support the concept of "sliding" paging indicators that the paging indicator should be transmitted in different parts of the 10 ms frame to avoid extra receiving time to sample neighbouring cells [1]. 
With having the “sliding” paging indicator implemented already in Rel-99/4/5, employing the “sliding” function also for the MBMS notification indicator would not imply any additional benefit but imply the following drawbacks.

· The RNC should transmit the notification indicator bitmap to the Node B every frame, which will increase the Iub signalling overhead. Alternatively, the Node B may calculate the notification indicator bitmap. However, this will increase Node B complexity.
· UE complexity is also increased to calculate the position of the MBMS notification indicator every paging occasion.
Hence, it is proposed to calculate the position of the MBMS notification indicator Mq as a function of the NI computed by higher layers and the number of MBMS notification indicators per frame (Nm):
q = NI mod Nm
where NI is a function of MBMS service ID.
3.2 Transmission power 

In general, transmission power for the MBMS notification indicator should be minimized to the possible extent, since MBMS data transmission already requires high transmission power as shown by lots of simulation results in the previous meetings.

It would be natural to set SF = 256 for the MICH and to have 288 bits per MICH frame with leaving the last 12 bits unused, which is the same structure as the PICH. Considering that the MBMS notification indicator is not specific to UE but specific to MBMS service, a possible method to save MICH transmission power is to reduce the number of indicators and hence increase the number of bits per a indicator.

Table 1 shows the expected MICH power requirement for the average probability of missed notification (Pm-n) of 1%. The numbers of Table 1 are derived based on the required power of PICH in TS 25.101 for the average probability of missed paging Pm-p = 1% with 72 paging indicators per frame and Case 3 channel model.

Table 1: Expected MICH power requirement in Case 3 channel model for Pm-n = 1%

	Number of MBMS notification indicators
	MICH_Ec/Ior
	Note

	8
	-21.5 dB (0.71%)
	

	9
	-21 dB (0.8%)
	

	18
	-18 dB (1.6%)
	

	36
	-15 dB (3.2%)
	

	72
	-12 dB (6.3%)
	Refer to Table 8.42 and 8.43 of TS 25.101

	144
	-9 dB (12.6%)
	


Since the MBMS notification is usually used to inform UE of the forthcoming MBMS session, the frequency of turning the MBMS notification indicator on would be so small. Hence, another possibility to save MICH transmission power would be to transmit DTX if the notification indicator is turned off. Table 2 shows the average power saving of on/off keying compared to the antipodal signalling for some example frequencies of turning the notification indicator on, assuming that the on/off keying has the same Euclidean distance property as the antipodal signalling as shown in Figure 2 and Figure 3.
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Figure 2: Antipodal signalling to carry MBMS-specific paging on MICH
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Figure 3: On/off keying to carry MBMS-specific paging on MICH

Table 2: Average power saving of on/off keying compared to the antipodal signalling

	Frequency of notification turned on (%)
	Average power saving (%)

	5
	80

	10
	60

	15
	40

	20
	20

	25
	0


Table 3 copied from [2] shows some examples of the MBMS service mix. According to the table, there will be about 50 text-based services, which will result in about 600 sessions per hour. To evaluate the expected power saving gain from using the on/off keying for paging of session start, the followings are assumed as in [2] 
· The configured DRX cycle is 1.28s.

· At session start, we typically need to page during up to 5 consecutive DRX cycles (3 for counting, 2 for robustness)
Then, the total number of pages will be 600/3600*5*1.28 = 1.07. If we assume the number of MBMS notification indicators Nm = 18, the MBMS notification turn on frequency equals to about 6%. Hence, the on/off keying provides the power saving gain of 76% compared to the antipodal signalling. It is noted that this example is pessimistic for the on/off keying because the number of sessions per hour is very high.
Table 3: Example MBMS service mix

	Service type
	Application
	Duration
	Interval
	Relative capacity
	Sessions/ hrs

	Text based
	News, stock, weather, traffic
	10 s

10kB @ 8kbps
	5 min
	21 % (50 services, each 0.42 %)
	600

	Audio
	Top 40, MP3
	12 m

3MB @ 32 kbps
	60 min
	10 %
	1

	Video
	Goal, short clip (10 sec)
	Upto 60 sec

10s @ 64 kbps for each goal
	5 min

24 goals per 2 hours

Every goal is combined with up to 6 repetitions
	20 %
	12

	File download
	Game
	12 m

3MB @ 32 kbps 
	60 min
	10 %
	1


3.3 MICH channel structure

It is proposed to have the set of possible values of Nm as {8, 9, 18, 36, 72, 144}. Maximum value of Nm is FFS. The proposed mapping of MBMS notification indicator Mq to MICH bits is shown in Table 4, where q is computed as a function of the NI computed by higher layers and Nm:
q = NI mod Nm

Table 4: Mapping of MBMS notification indicators Mq to MICH bits

	Number of MBMS notification indicators in MICH (Nm)
	Mq = 1
	Mq = 0

	Nm=8
	{b36q, …, b36q+35} = {1, 1, …, 1}
	{b36q, …, b36q+35} = {DTX, DTX, …, DTX}

	Nm=9
	{b32q, …, b32q+31} = {1, 1,…, 1}
	{b32q, …, b32q+31} = {DTX, DTX, …, DTX}

	Nm=18
	{b16q, …, b16q+15} = {1, 1,…, 1}
	{b16q, …, b16q+15} = {DTX, DTX, …, DTX}

	Nm=36
	{b8q, …, b8q+7} = {1, 1,…, 1}
	{b8q, …, b8q+7} = {DTX, DTX, …, DTX}

	Nm=72
	{b4q, …, b4q+3} = {1, 1,…, 1}
	{b4q, …, b4q+3} = {DTX, DTX, …, DTX}

	Nm=144
	{b2q, b2q+1} = {1, 1}
	{b2q, b2q+1} = { DTX, DTX}


3.4 MICH transmission timing
Since the MICH is used only to support MBMS, it would be natural to define the MICH transmission timing by introducing the timing offset MICH with respect to the frame timing of the S-CCPCH carrying the MBMS related control information such as MBMS service ID in MCCH, as shown in Figure 4. The MICH frame timing is MICH = 7680 chips prior to the frame timing of S-CCPCH carrying the MCCH. It should be noted that the S-CCPCH frame carrying the MCCH associated to a MBMS notification indicator is determined not by MICH but by higher layer signalling.
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Figure 4: Timing relationship between MICH frame and S-CCPCH frame carrying MCCH
4. Conclusions
In this contribution, we have proposed a MICH channel structure. It is proposed to include the following text proposal into MBMS TS 25.346 section 6.2.3 “Physical Channel”.

----------------- Start of text proposal ------------------- 

6.2.3
Physical Channel

SCCPCH is used as a physical channel.





MBMS notification utilizes a MBMS specific PICH (MICH). MBMS specific PICH frame is presented in Figure 1. The spreading factor of the MICH is 256.



[image: image8.emf]b

1

b

0

288 bits for MBMS notification indication

12 bits (transmission

off)

One radio frame (10 ms)

b

287

b

288

b

299


Figure 1: MBMS Specific PICH frame used in MBMS notification

The set of possible number of MBMS notification indicators per frame (Nm) is {8, 9, 18, 36, 72, 144}. Maximum value of Nm is FFS. Mapping of MBMS notification indicators Mq to MICH bits is shown in Table 1, where q is computed as a function of the NI and the Nm and NI is a function of MBMS service ID:
q = NI mod Nm
Table 1: Mapping of MBMS notification indicators Mq to MICH bits

	Number of MBMS notification indicators in MICH (Nm)
	Mq = 1
	Mq = 0

	Nm=8
	{b36q, …, b36q+35} = {1, 1, …, 1}
	{b36q, …, b36q+35} = {DTX, DTX, …, DTX}

	Nm=9
	{b32q, …, b32q+31} = {1, 1,…, 1}
	{b32q, …, b32q+31} = {DTX, DTX, …, DTX}

	Nm=18
	{b16q, …, b16q+15} = {1, 1,…, 1}
	{b16q, …, b16q+15} = {DTX, DTX, …, DTX}

	Nm=36
	{b8q, …, b8q+7} = {1, 1,…, 1}
	{b8q, …, b8q+7} = {DTX, DTX, …, DTX}

	Nm=72
	{b4q, …, b4q+3} = {1, 1,…, 1}
	{b4q, …, b4q+3} = {DTX, DTX, …, DTX}

	Nm=144
	{b2q, b2q+1} = {1, 1}
	{b2q, b2q+1} = { DTX, DTX}


The MICH frame timing is MICH = 7680 chips prior to the frame timing of S-CCPCH carrying the MCCH as shown in Figure 2. It should be noted that the S-CCPCH frame carrying the MCCH associated to a MBMS notification indicator is determined not by MICH but by higher layer signalling.


[image: image9.emf]

MICH

S-CCPCH frame carrying MCCH

MICH frame carrying MBMS notification indicator


Figure 2: Timing relationship between MICH frame and S-CCPCH frame carrying MCCH
----------------- End of text proposal ------------------- 
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