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1. Introduction

This document discusses on to which RRC messages the following MBMS information flows should be mapped: MBMS Access InfoRMATION, MBMS Service InfoRMATION, MBMS RADIO BEARER InfoRMATION and MBMS Neighbouring cell InfoRMATION.
2. Messages
2.1 Introduction
There is currently no agreement on how to indicate on MCCH the details of the change that caused the Notification Indicator (NI) bits to be set. One proposal that has been raised is the use of a separate notification message indicating one or more service identities and for each the cause of the notification. Another option that has been suggested is the use of an implicit indication, in which case the details of the change are not indicated separately but can be derived from the list of all available services (eg. using status information and/ or  value tags).
Another issue that needs to be concluded concerns the RRC messages used to transfer the periodic MBMS control information (MBMS Service InfoRMATION, MBMS RADIO BEARER InfoRMATION and MBMS Neighbouring cell InfoRMATION).

There is some relation between these two issues and hence they are discussed together in this contribution.

It seems quite natural to consider re- using the mechanisms as defined for BCCH ie. a separate message for each MBMS service in combination with a master information message including scheduling information for each service. Straigtforward application of the BCCH mechanisms will not result in an optimal solution. In the following we consider the MBMS specific requirements and characteristics an based on that a solution optimised for MBMS is proposed.
2.2 Efficient MCCH reception upon notification and cell entry
The UE power consumption is an important aspect to consider when introducing MBMS in the stage 3 specifications. When evaluating what requirements this implies, we need to distinguish the case of a UE present in a cell from the case of a UE entering a cell. For these two cases, the requirements are somewhat different:
UE present in a cell detecting notification indicator on MICH
1.1) When a UE receives a notification over the MICH, the UE should be able to quickly find out if it received a “false alarm” or if the notification indeed concerns a change of information for a service the UE has joined. 

1.2) Probably in most cases, the notification will not be for a service the UE has joined. So especially this scenario should be handled efficiently.

1.3) When the change of information indeed concerns a service the UE has joined, the UE should be able to find the updated information without receiving a lot of unnecessary information on MCCH
UE entering a cell

2.1) When a UE enters a cell, it should be able to quickly & efficiently find out if there are MBMS services available in which it is interested. 

2.2) It is assumed that in most cases, there will be no services available which the UE has joined. So especially this scenario should be handled efficiently.

2.3) For services available in the cell that the UE has joined, the UE should be able to quickly start service reception.

Our size estimations showed that the information to be transmitted at a repetition period varies in size between 6 – 13 TB’s. Solutions that require the UE to receive all this information correctly before being able to decide if something interesting for the UE has happened (see 1.2/2.2 above) are inefficient from the perspective of UE power consumption. Although receiving the MCCH for e.g. 60ms may not seem that long, with a BER of 1% it might take several repetition periods before the UE has received all information correctly.

Note
Assuming an MCCH configuration similar to the configuration for DCCH mapped on to S-CCPCH (TB of 1x168b & or 2x168b  @ 10 ms TTI).

In order to enable the UE to quickly detect the changed (1.2) and available (2.2) services, the following is proposed:

a) at every repetition period within a modification period following one in which NIs are set, to first transmit a message including the list of changed MBMS services,

b) at every repetition period, to transmit a list of all MBMS services that are available.

Proposal a) leads in the direction of using a short notification message. Besides the changed services, this message may include some additional information eg. notification cause. It would be beneficial if for most notification causes the message includes all information – so the UE need not receive further information on MCCH.

Another issue is the relation between the short notification message and the message used during counting ie. the MBMS Access Info. The proposal is to integrate the ‘Access info’ functionality in the Notification message in order to reduce the signalling overhead and to avoid duplication of information upon every repetition period. Upon every access info period either the Notification message may be provided with certain parameters absent or a separate specific message could be used. Although we have no strong preference either way, there seems to be no significant benefits in introducing a separate ‘Access Info message.
The list proposed in b) should largely reduce the UE effort in case 2.2; according to our estimations, it should be possible to transfer this list in 3 to 6 TB’s (see annex A). According to our estimations, the service list is typically the longest MCCH message. At first glance the use of a single message including all services seems to have some problems ie. for a long message the chance is lower that the entire message is received correctly from reading one MCCH repetition period. Moreover, the problem increases with the number of services. However this problem is inherent to the number of services rather than to the message structure; if each service would be included in a separate message the problem would be the same (or worse, since the signalling overhead would increase). Nevertheless, this issue should be kept in mind when deciding whether or not to add parameters to the message.
2.3 Common radio bearer configuration

Different MBMS services provided in a cell via a PTM radio bearer are expected to apply a very similar radio configuration; the PDCP and RLC configuration are likely to be the same. Moreover, the services are likely to be mapped on to the same FACH – S-CCPCH combination.

In case selection combining is used, the same PDCP and RLC configuration is also used in the concerned neighbouring cells. While the transport channel configuration could also be the same for neighbouring cells, it is less likely that exactly the same physical channel configuration is used in neighbouring cells. However, even for the physical layer several parameters could have the same value.

In order to avoid duplication of information, the following is proposed:

c) to introduce a message including the common radio bearer configuration details as used in the current and neighbouring cells
d) to apply a separate message for each service provided via PTM radio bearers to specify radio bearer configuration used in the current cell as well as in neighbouring cells, if selection combining applies. The details of the configuration are specified by referring to the message including the common radio bearer configuration

e) to apply a value tag for the common radio bearer configuration that is valid within the scope of the group of cells for which selection combining is used.

The inclusion of radio bearer configuration details for the current and for neighbouring cells in a single message creates maximal opportunities for signalling information efficiently ie. only include parameters that are different.
The use of a separate message for each service provided via PTM radio bearers helps to reduce the maximum size of MCCH messages. Moreover, it increases the scheduling options for UTRAN. This makes it possible for UTRAN to reduce the period the UE has to read MCCH ie. UTRAN can first schedule the changed information. For further details on this see 2.4.2. 
The Common PTM radio bearer configuration would typically include the radio bearer configurations available in the group of cells for which selection combining is applied. It is expected that this configuration is rather static, in which case the value tag would help to avoid that the UE is required to re- read MCCH upon every session start and upon re- selecting a cell within the cell group.
Assuming UTRAN relies on selection combining when deploying MBMS one can consider the neighbouring cell information important enough to justify it being signalled every repetition period. Furthermore, if the proposed message structures are used, signalling overhead is still very reasonable even if the neighbouring cell information is provided every repetition period.

2.4 Summary and evaluation

2.4.1 Proposed messages and their estimated sizes

Based on the discussion in the previous, the proposal is to apply the following messages. For each of the proposed messages a tentative outline of the message contents is provided. See [3] for further details on the proposed contents for these messages.
· MBMS Notification: a short message including

· for each changed service: the service identity, the notification cause (indicating the resulting transfer mode), the access probability factor (O), a short service identity for services provided PTM 

· for the common RB info: the value tag (O)
· some scheduling info (O) eg. the final TTI containing changed information, the preferred frequency (O) and a flag indicating that the UE should continue reading MCCH in the next modification period (see [4] for further information about this flag)
· MBMS Service List: a message including
· for all available services: the service identity, the transfer mode, a short service identity for services provided PTM, the preferred frequency (O) and a flag indicating that the UE should continue reading MCCH in the next modification period
· MBMS Common RB info: a message including
· One or more radio bearer configurations (PDCP, RLC) as well as a RB- identifier that can be used to refer to it

· One or more physical channel & transport channel configurations as well as an S-CCPCH identifier that can be used to refer to it
· MBMS Service PTM RB info: a message including
· for a single service that is provided PTP: the abbreviated service identity, the RB configuration used in the current cell (using references to the radio bearer and physical & transport channel configurations included in the Common RB info) and, if selection combining is used, the RB configuration used in one or more  neighbouring cells (again using references to configurations included in the Common RB info) 
Note 1 
In order to avoid duplication of information, one may consider to omit the changed services from the MBMS Service List.

The following figure provides a graphical view of the estimated size, expressed in TBs- units of 168 bits, of the above messages for the following scenarios :

Scenario 1: Reference case with 3 services provided PTP, 3 services provided PTM and 6 services available with no RB provided. Other characteristics: 1 service included in the notification message, current cell: 2 common RB configurations, 1 common PhyCh configuration, neighbouring cell: 6 neighbouring cells of which 3 have different PhyCh configuration
Scenario 2: High # services available, same as reference case except that 24 services are available with no RB provided and 2 services included in the notification message
Scenario 3: High #services provided PTM, same as reference case except that 8 services are provided PTM and that current cell applies 4 common RB configurations
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Fig. 1 Estimated sizes of MCCH messages
Note 2 
For the Service Info there is a separate RRC message for each service, which is reflected by dotted lines in the figure above

The size estimations show that

· The Service list and the Common RB info are biggest and may comprise of up to 2- 6 TBs

· All other messages are smaller than one TB
· The gains of using common Radio bearer configurations is up to 75% for the above scenario’s

· The signalling load is very reasonable ie. in the order of 5% assuming a 64 kbps S-CCPCH has been configured for carrying MBMS traffic
2.4.2 Scheduling of proposed messages

The information the UE needs to read from MCCH depends on the scenario, as shown in the following table.
	Scenario
	Required MCCH info

	Counting, frequency redirection, PTP RB establishment
	Notification

	PTM RB establishment
	Notification, Service Info, [Common RB Info,  if different from stored version]

	Cell selection
	Service list, [Service Info, if a joined service is provided PTM], [Common RB info, if a joined service is provided PTM and Common RB info not stored]


UTRAN should be able to schedule the information in a manner that avoids that the UE unnecessarily needs to read MCCH for extensive periods. In case the UE reads MCCH until it has received all required information, UTRAN could schedule the information depending on the scenario. Eg. in case of a modification period in which PTM session establishment is notified, the preferred MCCH order is Notification, Service Info, Common RB info (if that has changed). For a UE entering the cell, the Service list should be provided early.

The assumption is the UE will always read a number of TTIs more than required because it takes some time to process the information received ie. to detect it has received sufficient information. This period could be reduced by providing some scheduling information upfront ie. to indicate the final TTI of the changed MBMS Service PTM RB Info and/ or the final TTI of the changed MBMS Common RB Info.
Altogether, the proposed scheme consists of the following:

f) UTRAN schedules the MCCH information in the following order: MBMS NOTIFICATION (if applicable), followed by changed information: MBMS SERVICE PTM RB INFO and/ or MBMS COMMON RB INFO (if applicable), MBMS SERVICE LIST, unchanged info: MBMS SERVICE PTM RB INFO and/ or MBMS COMMON RB INFO (if applicable)
g) UTRAN provides scheduling indicating the final TTI containing changed information (changed PTM RB INFO and/ or changed COMMON RB INFO.

The following figure illustrates the proposed scheme, using the following colours: MBMS Notification (yellow), MBMS Service PTM RB info (for changed service, red), MBMS Service list (purple), MBMS Service PTM RB info (for unchanged service, blue) and finally Common RB info (unchanged, green).
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Fig. 2 Example of MCCH message scheduling
Note that in the figure the use of concatenation is assumed. For an extensive discussion about the RLC mode to be used for MCCH, see [5].

3. Conclusion and proposal

This contribution includes the following proposals:

a) at every repetition period within a modification period following one in which NIs are set, to first transmit a message including the list of changed MBMS services

b) at every repetition period, to transmit a list of all MBMS services that are available

c) to introduce a message including the common radio bearer configuration details as used in the current and neighbouring cells

d) to apply a separate message for each service provided via PTM radio bearers to specify radio bearer configuration used in the current cell as well as in neighbouring cells, if selection combining applies. The details of the configuration are specified by referring to the message including the common radio bearer configuration

e) to apply a value tag for the common radio bearer configuration that is valid within the scope of the group of cells for which selection combining is used

f) to assume the MCCH information is scheduled in the following order: MBMS Notification (if applicable), followed by changed information (one or more MBMS SERVICE PTM RB INFO messages and/ or COMMON RB INFO – if applicable), MBMS Service list and by unchanged info (remaining MBMS SERVICE PTM RB INFO messages and/ or MBMS COMMON RB INFO - if applicable)

g) UTRAN may provide scheduling information within the MBMS Notification message, indicating the final TTI containing changed information

h) to map the the Access Info, Service Info, RB info and Neighbouring cell info information flows on to the following RRC messages: MBMS Notification, MBMS Common RB info, MBMS Service list and MBMS Service PTM RB info
i) a tentative outline of the contents of the above messages is provided in 2.4.1. For further details see [3].
If the above proposals are agreed, the suggestion is to capture this in the draft CR to TS 25.331 to introduce MBMS. Samsung will be happy to assist with this.
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A. Estimated message sizes (Annex)
A.1 Message sizes

For the proposed scheme, the estimated message sizes are as follows
	Results
	Case 1
	Case 2
	Case 3

	Notification
	0.5
	0.9
	0.5

	Service list
	2.2
	5.5
	3.2

	Service Info, PTM
	1.9
	1.9
	5.0

	Common RB
	1.6
	3.0
	3.8

	TOTAL
	6.2
	11.3
	12.4


Without use of Common RB information, the results would be as follows:

	Results
	Case 1
	Case 2
	Case 3

	Notification
	0.5
	0.9
	0.5

	Service list
	2.2
	5.5
	3.2

	Service Info, PTM – current cell
	3.4
	3.4
	9.4

	Service Info, PTM – neighbouring cells
	4.6
	4.6
	4.6

	TOTAL
	10.8
	14.5
	17.5


The above results show that the use of common RB information results in a significant reduction of the signalling overhead.
	Results
	Case 1
	Case 2
	Case 3

	Increase without Common RB Info
	75%
	28%
	42%


A.2 Signalling load

With the following assumptions:

· Modification period: 
2.56 sec

· Repetition period:

0.64 sec

· Notification period:

0.64 sec

The following signalling load results:
	 
	Message sizes
	Load

	Message size
	Case 1
	Case 2
	Case 3
	Case 1
	Case 2
	Case 3

	Notification
	63
	104
	63
	225
	371
	225

	Service list
	393
	971
	563
	614
	1517
	880

	Service Info, PTM
	309
	309
	824
	483
	483
	1288

	Common RB
	268
	510
	628
	419
	797
	981

	Total load
	 
	 
	 
	1741
	3168
	3373


These figures show the signalling load is very reasonable ie. in the order of 5% assuming a 64 kbps S-CCPCH has been configured for carrying MBMS traffic.

Note
The above assumption represents a quite high number of notification messages; according to our reference configuration there would be roughly one Notification every 0.28 sec on average (16 services available in cell, of which 3 are provided PTM. These 3 services generate 600 NIs, with 4 Notification messages each)
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