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1/ Introduction

This paper summarizes the current status of TS 25.346 [1] with regards to MBMS notification on MICH and analyzes the advantages & disadvantages of different proposals on MICH structures available so far in order to facilitate a more fruitful discussion on the topic.

2/ Discussion

2.1. MBMS Notification (summary of section 5.2.4 in [1])
· Principle1: Notification is used to inform UEs of an upcoming change in critical MCCH information (see annex). 
· Principle2: Notifications are based on service groups (SGs). The mapping between service IDs and SGs will be based on a hashing mechanism to be defined in the Stage 3 specifications. The notification indicators (NIs) will be sent on MICH.  A single MICH frame will be able to carry indications for every SG. 
· Principle3: NIs are sent on single MICH frame being repeated during the entire modification period which will be long enough so that UEs are able to reliably detect NIs even if they only receive the MICH during their regular Rel’99 paging occasions (of course UEs are free to read NI at any MICH frame). Upon detecting NI UEs interested in a service corresponding to this NI shall start reading the MCCH at the beginning of the next modification period (see Figure 1 below – where different colors indicate different MCCH content).
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Figure 1: Illustration of MICH timing relative to Modification period

Based on the above principles, following could be derived:
· Assumption1: If the number of services to be notified is larger than the number of available NIs in a MICH frame, then several services will be hashed into a SG, i.e. they will share the same NI. This means that if network only notify for one service in a SG, there could be a false alarm for UEs receiving one of the other services in that SG.
· Assumption2: If similar Rel’99 paging mechanism is applied then number of NIs per frame (denotes as Nmp) could be 8, 36, 72 or 144. This means that up to Nmp SGs can be simultaneously notified in a single modification period.    
· Assumption3: Start/end of the modification period must be signaled to UEs. UE can utilize the repetition of MICH frames in a modification period to improve NI detection quality (this can be useful when Nmp is large and/or SNR on MICH is low).

There are concerns in [2] and [3] regarding the use of Rel’99 paging mechanism as mentioned in Principle2 & 3 above:
· Concern1: If the number of services could be much larger Nmp then higher false alarm could significantly impact MBMS reception and/or UE power consumption depending on final design and deployment scenarios. 
· Concern2: If large Nmp is used (max 144), Node B power requirement for MICH can be very high. 
While Concern1 sounds reasonable, regarding Concern2, it is believed that UE could make use of the repeated MICH frames (according to Assumption3 above) and thus Node power requirement could be relaxed.

The next two sections summaries proposed solutions from Samsung and Qualcomm in [2] & [3] respectively.
2.2 Samsung proposal [2]:
Proposed solution: 
If multiple NIs were allocated to each SG, then the number of distinguishable SGs would be increased using binomial coefficient as follow
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Where Npg is the number of the positions of NI allocated to a SG, and NSG is the number of distinguishable SGs. 

The solution can also be illustrated graphically in Figure 2 with simplified example showing how we can get 6 distinguishable SGs by allocating 2 NIs among 4 available ones.
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Figure 2: Example with Nmp=4, Npg =2 then NSG =6
Advantage: The proposal potentially allows unique one to one mapping between a SG and a NI, even if the number of SG is very large. For example it is claimed that even with Nmp=18, Npg =2, up to NSG =153 SGs can be notified with very high reliability requiring minimum Node B power. On the contrary, Rel’99 paging can only support maximum 144 SGs requiring maximum Node B power to achieve similar reliability.     
Disadvantage: What is not clear from this proposal is that can there be more than one SGs or only one SG being notified in a modification period? Our understanding is that multiple services can be notified simultaneously within a modification period (see annex). So if the services belong to different SGs then there could be a problem with false alarm. This is illustrated in example in Figure 2, where if SG1 and SG6 are notified simultaneously, then UEs receiving other SGs (SG2/3/4/5) will be falsely woken up (worse case scenario). If SG1 and SG2 are notified simultaneously, then UEs receiving SG4 will be falsely woken up (best case scenario).  
2.3 Qualcomm proposal [3]:

Proposed solution: 

Since simple repetition of the MICH frame continuously during modification period (see Principle3) does not help to improve false alarm problem whenever the number of services is much larger Nmp (max 144). It is proposed to introduce additional dimensionality in time by defining a larger number of random NI sequences than Nmp. UE is required to wake up at multiple MICH frames follow the Rel’99 DRX frame to obtain necessary correlation of the NI sequences corresponding to the service it is interested in.   

Advantage: 

Similar to Samsung proposal, this proposal potentially allows unique one to one mapping between a service and a NI sequence, even if the number of services is very large.

The likelihood that sequences for two different services overlap over the entire notification interval would be reduced with proper design of NI sequences.
Disadvantage: 

The reduction of the false alarm comes at the expense of additional UE power consumption since UE has to wake up at multiple MICH frames (opposite Principle3) 
In case where multiple services need to be notified simultaneously, it is not clear what would be the false alarm for the UEs receiving services having highly correlated NI sequences with the a mix of all NI sequences of all notified services (this is similar to disadvantage pointed out for [2]).  

3/ Conclusion
· Even if number of services is comparable to max Nmp=144, a large Node B power is required for MICH if UEs only receives single MICH frame during their regular Rel’99 paging occasion frame. 

· There could be potential false alarm problem with both proposals in [2] and [3] when two or more SGs are being notified simultaneously in a modification period.  

4/ Reference
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[2] R1-040520 “Reducing the false alarm probability on MICH decoding”, Samsung 

[3] R1-040536 “False Alarm on MICH” Qualcomm  

5/ Annex

Critical information on MCCH includes 

1. MBMS SERVICE INFORMATION: used by RNC to inform UEs of all of MBMS services available in one cell.  The MBMS SERVICE INFORMATION shall be transmitted periodically to support mobility in the MBMS service. The MBMS SERVICE INFORMATION contains MBMS service ids and p-t-m indication. The MBMS service ids indicate the MBMS services which are being served in the cell or the MBMS services which can be served if the UE requests it. P-t-m indication indicates that the MBMS service is on p-t-m in the cell, thus it informs the UE of the need of reception of the MBMS RADIO BEARER INFORMATION. More information may be included in the MBMS SERVICE INFORMATION.

2. MBMS RADIO BEARER INFORMATION: used by RNC to inform UE(s) regarding the MTCH radio bearer information. MBMS RADIO BEARER INFORMATION is only available for p-t-m transmission. MBMS RADIO BEARER INFORMATION includes MBMS Service Id, MBMS UTRAN Cell Group Identifier, logical channel, transport channel and physical channel information per MBMS service. An MBMS UTRAN Cell Group Identifier is used to indicate to UEs which MBMS Cell Group the cell pertains to. More information may be included in MBMS RADIO BEARER INFORMATION.

3. NEIGHBOURING CELL INFORMATION: used by UTRAN to inform to UEs of the MTCH configuration of the neighbouring cells which are available for selective combining. With MBMS NEIGHBOURING CELL INFORMATION the UE is able to receive MTCH transmission from neighbouring cell without reception of the MCCH of that cell. The MBMS NEIGHBOURING CELL INFORMATION shall be repeatedly transmitted on MCCH when selective combining is utilized in the MBMS p-t-m transmission in the given cell group. The usage of MBMS NEIGHBOURING CELL INFORMATION in normal cell reselection case is FFS
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