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1 Introduction

This paper discusses the provision of information on MCCH. The contribution discusses the use of a simple scheduling mechanism for the MBMS paging, the MBMS service information and the MBMS radio bearer information messages. Furthermore, the contribution discusses the use of segmentation for MCCH.
2 Discussion
2.1 Introduction
RAN WG2 briefly discussed the use of scheduling for MCCH in meeting #38, when treating [2]. At that time there was no proper overview of the MCCH signalling and its nature (periodic, event based). Also, the feasibility of using scheduling when multiplexing MCCH with other channels eg. PCCH on an S-CCPCH was not clear.

Now that we have a somewhat better understanding of the MCCH signalling and the associated requirements, we feel it is suitable to re- investigate the of use scheduling for MCCH. The paging/ notification mechanism agreed at the last R2 meeting, more or less calls for a scheduling mechanism for this message. Hence, we start the investigation with the paging/ notification message.
2.2 Provision of MBMS paging message

At R2#39 it was agreed not to introduce an additional DRX cycle for MBMS. This means that UEs will check if the MBMS notification indicators (referred to as NIs in the following) when waking up according to their conventional DRX cycle. Since different UEs wake up at different moments (paging occasions), this implies that the NIs need to be set during one entire conventional DRX cycle to reach all UEs. Furthermore, since different UEs may have been assigned a different conventional DRX cycle length, the NIs need to be set for a period corresponding with the longest conventional DRX cycle (referred to as LCDrx in the following) that is used.

Since UEs detect the NI for an MBMS service at at different points in time, there are a number of different options for transmitting the MBMS PAGING message on MCCH:

· Repeating the message several times within the LCDrx, with UEs reading MCCH continuously until they receive the paging message
· Providing the message once at a specific point in time in the LCDrx
· Repeating the message several times within the the LCDrx, at specific SFN instances. The UE wakes up at the nearest specific SFN instance to read the message

The following figure illustrates the last option by means of an example in which the PAGING message is repeated 4 times within the LCDrx. In the figure each occurance is marked with a sequence number and a different colour. Furthermore, the figure shows the paging occasions for two UEs with different DRX cycles. The result is that UE-1 receives the repetition #2, while the UE-2 receives repetition #3. In the figure this is  illustrated by marking these repetitions in the same colour as used for the paging occasions of the corresponding UE.
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Figure 1: MBMS DRX cycle to introduce MBMS paging occasions

Note
In the above example, the period in which the NI bits are set is not aligned with the boundaries of the LCDrx: n * LCDrx. This is done only to illustrate the general case.

The 1st option, repeating the paging without using explict scheduling,  is considered unacceptable because this option requires the UE to read MCCH continuously until it receives the message. As a result, this option is considered to degrade battery lifetime too much.

The 2nd option, providing the message at a scheduled time within the LCDrx eg. at the end, avoids the problems due to the continous reading of MCCH.
Repeating the paging message a number of times at pre-defined occasions within the LCDrx (3rd option) can be regarded as a further optimisation. The main advantage of this option is that it can reduce the time needed to perform counting. This applies in case UTRAN is aware of the number of UEs that have responded to the 1st paging message prior to sending the 2nd one. In this case, UTRAN can adjust the probability factor accordingly. This requires that the interval between the paging message repetitions should cover the delay due to RRC connection establishment and the subsequent UE linking. For connection establishment and UE linking, delays in the order of 300- 400 ms seem feasible. Given that the default DRX cycle used in 34.108 is 1.28 s, introducing repetion for the paging message is regarded as feasible and beneficial.
It should be noted that the probability that a UE does not detect an NI that is set is typically in the order of 1%.  When performing counting in a cell in which there are few UEs interested in the service, the NI should be set for more than one DRX cycle to reduce the error probability. This means that the use of paging repetition within a DRX cycle does not improve the worst case counting delay. However, since this mechanism improves the average counting delay and comes at little additional cost the proposal is to adopt this option for MBMS. More precisely, the proposal is to signal the repetition period and optionally an offset used for MBMS paging on BCCH. This may be signalled together with the MCCH indicator in a SIB type 5 extension.
Note
Considering that in general the system will be dimensioned such that the NIs will be set only for like 10% of the time, MBMS paging is typically performed for one service at a time. Hence, the introduction of a service specific offset is not considered.

A more detailed text proposal is included at the end of this document. This text proposal specifies in detail how the UE receives the paging message upon detecting that the NI is set, including the option to repeat the paging message as discussed in the previous.

2.3 Provision of other information on MCCH

2.3.1 Scheduling of periodic messages
In the previous section we have proposed to apply scheduling for the MBMS paging message. The other currently defined MCCH messages, MBMS service information and MBMS radio bearer information, are periodic messages. The proposal is to also adopt a simple scheduling mechanism for these MCCH messages, namely to include both the repetition period and the offset for each of the two periodic messages on BCCH. This may be signalled together with the MCCH indicator in a SIB type 5 extension.
This simple scheme avoids that after being notified of a session start, the UE needs to read MCCH continously until receiving the periodic messages. This advantage not only applies at session start but whenever the UE needs to retrieve the information eg. due to UE mobility and upon late joining of a session.
This scheduling mechanism is considered suitable for a configuration in which MCCH is multiplexed together with PCCH, DCCH and DTCH on a S-CCPCH configuration providing 32 kbps. Our initial estimations show that the for our reference service scenario (6 available services of which 3 are active and provided ptm) size of the SI message and RB info messages are in 269 and 362 bits repectively [3]. Assuming an MCCH configuration similar to DCCH (TB of 1x168 & 2x 168  @ 10 ms TTI), 30 ms is required to transmit each message alone. The proposal is to create some flexibility concerning the scheduling of the MCCH messages eg. to prioritse PCCH. This may be achieved by requiring that in case the periodic message is found at the scheduled location, the UE should continues reading MCCH for a (configurable) number of frames before giving up. The UE same ‘give-up’ period may be used in other cases eg. when the UE only receives a part of the periodic message.
As mentioned before, it is beneficial to align the sceduling of the periodic MCCH messages with the scheduling of SIB 5 to facilitate the reading of this information upon cell change. Considering that the default SIB 5 repetition cycle is 640 ms, use of scheduling can significantly reduce the period the UE has to read MCCH.
2.3.2 Value tag for periodic messages
In general the MCCH information is cell specific; each cell may provide different services and/ or in different manners depending on the services the UE present in the cell have joined. Considering this, the use of a value tag to avoid re- reading upon cell re- selection is not regarded as beneficial. When present in a cell, the UE is normally notified whenever it needs to read the periodic messages from MCCH. In cases the UE is notified about a session start, UTRAN updates the periodic messages to include the details of the newly started service. Consequently, the use of a value tag to avoid re- reading within a cell does not seem useful.

UEs in CELL_FACH continously receive an MCCH that is multiplexed on the same S-CCPCH used for DCCH. In this case, the UE receives all MCCH messages. Also in this scenario the UE only needs to process the periodic messages after receiving a notification message for a service the UE has joined. In this case adding a value tag to indicate changes to periodic message makes no sense. The value tag for the periodic messages would typically change upon every notification. Moreover, the processing of the notification message is much easier than the screening of the periodic paging messages.
Nevertheless, the introduction of a value tag for periodic messages is considered to be useful for a completely different reason. Our size estimations show that in case of 16 available services of which 8 are active and provided ptm the size of the periodic messages is around 800 bits [3] which means that, even on an S-CCPCH supporing 32 kbps, 6 transport blocks may be required (see above). This means that the message is only received correctly if all 6 transport blocks are received without errors. Assuming a BLER of 1%, there is a chance of 6% (1- 0.99^6) that the message is not received correctly. To make use of the correctly received blocks, the proposal is to introduce segmentation. Besides introducing sequence numbers, the proposal is to use a value tag. The UE can then combine segments correctly received from one transmission with segments received in a following transmission, provided the value tag is the same. This approach helps to reduce the error probability significantly: the chance that the message is still not received correctly after two periodic transmissions reduces from 0.34% to 0.05%; that is from (1- 0.99^6)^2 to 5* (1-0.99)^2.
Since presently no other purposes are foreseen for the value tag, a single bit value tag is proposed. This implies that the UE is only allowed to consider subsequent periodic transmissions when re- assembling segments.

The proposal is to perform MCCH segmentation at RRC level, since then we can support the value tag without the need to modify RLC. This approach makes it also possible to apply concatenation to utilise the defined TB sizes more efficiently ie. a MBMS notification may be concatenated to the last segment of a periodic message.

Note
In our reference service mix there are 614 sessions per hour, meaning 614 starts & stops. This means that on average every 3 seconds the configuration changes. The periodic messages are expected to be transmitted at most every 320 or 640 ms. For the reference service mix the MBMS notification on average occurs every 750 ms, depending on the repetition rate used by UTRAN.

3 Conclusion and proposal

The proposal is to review the proposals included in this contribution and to capture the agreeable parts into the TS as a basis for further work in this area. A draft text proposal is attached.
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8.x.y MBMS notification
.1 Checking of the MBMS NI

At their conventional paging occasion, UEs in idle, CELL_PCH and URA_PCH evaluate the Notification Indicator (NI) for each MBMS service the UE has joined accoring to the following:

NI=
(MBMS ID div 8192) mod Np

With

· Np equals the total NIs per frame provided on the PICH or the MICH whichever is configured
.2 Reception of the MBMS Notification

If the NI is set for an MBMS service the UE has joined, the UE shall read MCCH at the frames with

SFN= MN-Off + n * MN-Rep AND
SFN<= SFNNI + LCDrx

With

· MN-Rep: MBMS Notification Repetition Period, provided on BCCH

· MN-Off: MBMS Notification Offset (optionally), provided on BCCH

· LCDrx: longest conventional DRX cycle used by UTRAN, provided on BCCH

Upon receiving an MBMS Notification, the UE:

1> If PMM connection required included <counting & re- counting>
2> If access probability is absent OR
2> If access probability is included and the probability check passes
3> If in idle mode:

4> initiate PMM connection establishment

1> If cause is set to ‘session start’ and access probability is included OR

1> If cause is set to ‘recounting’ and access probability is included

2> continue reading MCCH in accordance with the previous

1> If cause is set to ‘session start’ and access probability is absent:
2> Read MBMS Service Information and MBMS Radio Bearer information from MCCH in accordance with the following section

2> start receiving the PTM radio bearers in accordance with the information contained in these messages
2> stop receiving MCCH
1> If cause is set to ‘session stop’
2> stop receiving the PTM radio bearers

2> stop receiving MCCH
8.x.z Reception of periodic MCCH messages

.1 Reception of the MBMS Service Information and MBMS Radio Bearer information
If the UE needs to receive the MBMS Service Information, it shall read MCCH at the frames with

MSI-Off + n * MSI-Rep>= SFN <= MSI-Off + n * MSI-Rep + MMSD
With

· n: the value corresponding with the next occurance of the message on MCCH

· MSI-Rep: MBMS Service Info Repetition Period, provided on BCCH

· MSI-Off: MBMS Service Info Offset (optionally), provided on BCCH

· MMSD: Maximum MCCH Scheduling Delay (optionally), provided on BCCH

If the UE needs to receive the MBMS Radio Bearer Information, it shall read MCCH at the frames with

MRBI-Off + n * MRBI-Rep>= SFN >= MRBI-Off + n * MRBI-Rep + MMSD
· n: the value corresponding with the next occurance of the message on MCCH

· MRBI-Rep: MBMS Radio Bearer Info Repetition Period, provided on BCCH

· MRBI-Off: MBMS Radio Bearer Info Offset (optionally), provided on BCCH

· MMSD: Maximum MCCH Scheduling Delay (optionally), provided on BCCH

.2 Segementation and concatenation of MCCH messages

The RRC layer in UTRAN performs segmentation and concatenation of MCCH messages. Large MCCH messages will be segmented. Furthermore, small messages/ segments may be concatenated with other segments/ messages. For periodic messages a value tag is used. If a subsequent transmissions of a periodic message has the same value tag, its contents is the same. This means its segments can be combined with those of previous transmissions of the periodic message.
The RRC layer in the UE shall re-assemble segments by combining segments of an MCCH message, in order of sequence number. For a MCCH message, the UE shall combine segments correctly received from one transmission with segments received in a following transmission, provided the value tag is the same. 

Annex <B>: MBMS Control Information

Table 2 and 3 identifies MBMS control information and describes their mapping on BCCH, MCCH and DCCH. 
	Information Element
	Description
	DCCH
	BCCH
	MCCH

	MBMS Signalling Radio Bearer Information (MCCH)

	MBMS SRB Info

· MCCH Indicator
	Information to configure the MBMS signalling radio bearer mapped on S-CCPCH/FACH, this information includes the identification of a FACH transport channel carrying the MCCH.
	
	X 
	

	MCCH scheduling information
	Information regarding the scheduling of MCCH messages
	
	X
	

	MBMS Radio Bearer Information (MTCH)   
	

	MBMS RB Info
	Information to configure a PTM radio bearer mapped on S-CCPCH/FACH for transmission of an MBMS service.
	
	
	X



	Service related Control Information
	

	MBMS Service ID(s)
	Identifies all MBMS services that are potentially available in one cell (service area indication). 

Identifies also the MBMS service related to a specific signalling procedure.
	
	
	X

	PTM Indicator
	Indicates that a PTM bearer type is established in one cell in order to transmit data for a particular MBMS service and the UE is required read the MBMS RB Info on MCCH.
	
	
	X

	RRC Connection Establishment Indicator
	Indicates to idle mode UEs that transition to RRC connected mode is required for counting.
	
	
	X

	Required MBMS RB configuration
	Indicates to the UE that an MBMS service is transmitted using a certain RB configuration in order to achieve a specific QoS.
	
	
	X

	RACH Access Probability Factor
	Controls RACH access in order to avoid RACH overload if transition to RRC connected mode is required.
	
	
	X

	PMM-CONNECTED State Required Indicator
	Indicates to an PMM IDLE state UE in RRC connected mode that it shall transit to PMM CONNECTED state
	x
	
	


Table 2: Mapping of MBMS Control Parameters in DL

	Information Element
	Description
	DCCH

	Service related Control Information

	MBMS Service ID(s)
	Identifies all MBMS services a PMM IDLE state UE in RRC connected mode has joined
	X 


Table 3: Mapping of MBMS Control Parameters in UL
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