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Introduction
There were some discussion on discontinuous transmission and reception of MBMS data during the RAN2#40 meeting [1]. The main reasons of this mechanism are:

· To allow UEs to have opportunity to perform R’99 RRC operations such as measurements without MBMS data loss during MTCH transmission. 
· To support intermittent low-rate applications.
This document proposes more details of this mechanism.
Discontinuous Transmission of MBMS Data

Figure 1 illustrates an example of message sequence of MBMS data discontinuous transmission and reception procedure with traffic volume measurement procedure. UTRAN may control discontinuous transmission of MBMS data with traffic volume measurements to allow UE to make measurements.
CRNC MAC gets the parameters necessary for traffic volume measurement from CMAC-MEASUREMENT-REQ primitive sent by CRNC RRC. Meanwhile, RLC passes the data to MAC with buffer occupancy. CRNC MAC reports the measurement result to RRC according to the report interval or when the result is below the specified threshold value. 
After that, based on the measurement report from CRNC MAC, CRNC RRC takes a proper action. At this moment, CRNC RRC can decide to suspend MTCH for an MBMS service, e.g. if the buffer is nearly empty. CRNC RRC suspends CRNC RLC entity with CRLC-SUSPEND-REQ primitive. By using a proper indication, CRNC RRC informs UE RRC that MBMS data transmission was suspended.
According to the suspend indication given from CRNC RRC, UE RRC may suspend UE RLC entity with CRLC-SUSPEND-REQ primitive. UE may perform Rel99 operations such as measurements during suspension.
After a proper time, CRNC RRC can decide to resume MTCH for the MBMS service based on the measurement report from CRNC MAC, e.g. if the buffer occupancy is beyond a certain threshold value. CRNC RRC resumes CRNC RLC entity with CRLC-RESUME-REQ primitive and then CRNC RRC informs UE RRC that MBMS data transmission is going to be resumed.
After receiving the resume indication given from CRNC RRC, UE RRC resumes UE RLC entity with CRNC-RESUME-REQ primitive. Then, UE receives MBMS data over MTCH.
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Figure 1. MBMS Data Suspend/Resume Procedure
Indication of MTCH Discontinuous Transmission
In this section, two options are proposed to indicate discontinuous transmission of MBMS data over MTCH to UEs.
1.1 Option A: MTCH Scheduling Information on MCCH

In this option, scheduling information on MBMS data transmission over MTCH is carried on MCCH. Thus, UE may suspend or resume MTCH reception according to the scheduling information given on MCCH, after it moves onto MCCH by reading the secondary notification indication (SNI) [2]. 
This option can be used for UEs receiving both MCCH and MTCH on the same SCCPCH, or used for UEs capable of simultaneously receiving MCCH and MTCH on different SCCPCHs.

The figure 2 shows an example of how to indicate MTCH suspension and resumption in the option A. Before suspending MTCH transmission, UTRAN moves UEs onto MCCH. Then, UTRAN estimates duration of the suspension and it notifies UEs of the MTCH scheduling information over MCCH in order to signal the Suspend Indication inducing UEs to suspend MTCH reception. Afterwards, at the time informed by the Suspend Indication, UTRAN notifies the Resume Indication inducing UEs to resume MTCH reception with an offset indicating the position of MTCH resumption. 
On the other hand, UEs receive the MTCH scheduling information after switching to MCCH. Then, UEs suspend MTCH reception according to the Suspend Indication. Afterwards, if UEs receive the Resume Indication, they resume MTCH reception.
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Figure 2. Example of option A
1.2 Option B: MTCH Scheduling Information in SNI
As another option, we utilize the secondary notification indication (SNI) to control the suspension/resumption of MBMS data. In this option, the MTCH scheduling information is included in the SNI over SCCPCH carrying MTCH. Thus, UE may suspend or resume MTCH reception according to the MTCH scheduling information given in the SNI. 

Compared to the option A, the option B has the following benefits:

· All MBMS capable UEs which are receiving MTCH could easily support this option because the Suspend/Resume Indication is notified over that SCCPCH carrying MTCH.
· MBMS UEs are quickly able to suspend and resume MTCH reception because they do not need to change between SCCPCH carrying MTCH and SCCPCH carrying MCCH.
In the next sub-section, we describe two possible ways to schedule MTCH transmission by using the SNI.

1.2.1 Use of Single Indication

In this example, UTRAN notifies the SNI to transfer the MTCH scheduling information. The MTCH scheduling information includes the suspend indication inducing UEs to suspend MTCH reception and an offset indicating how long UEs should suspend MTCH reception.
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Figure 3. First example of option B
As shown in the figure 3, since the SNI includes the offset = 14 radio frames or TTIs, UEs suspend MTCH reception before the 14th radio frame or TTI after receiving the SNI and then resume at the 14th one.
1.2.2 Use of Multiple Indications
In this example, UTRAN more than once notifies SNIs to transfer the MTCH scheduling information. The MTCH scheduling information includes the suspend/resume indication. It also includes the offset indicating when the next SNI including the MTCH scheduling information will be transmitted or when MTCH will be resumed.
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Figure 3. Second example of option B
In details, as shown in the figure 3, during a period of MTCH transmission-off, SNIs give an offset value indicating the position of the next indication i.e. the suspend indication or the resume indication. Only the last SNI gives an offset value indicating when MTCH is resumed. 
It is possible in this example that different SNIs include different offset values. Therefore, UTRAN does not need to exactly decide when MTCH will be resumed. Instead, whenever UTRAN notifies an SNI, it includes only a roughly estimated offset value in the SNI. Accordingly, this way allows UTRAN to schedule MTCH transmission more flexibly.  
Information Elememts of Suspend/Resume Indication
This section describe the list of information elements that are proposed to be included in the RRC message, i.e. the MTCH scheduling information message over MCCH, or the SNI message over SCCPCH carrying MTCH. The following information elements can be used:
1.3 Possible Information Elements
1.3.1 MTCH ID
This IE is used to identify which MTCH and RLC entity should be suspended or resumed. 
1.3.2 Suspend/Resume Indication
This IE is used to indicate to UEs whether MTCH transmission is suspended or resumed. 
1.3.3 Offset
This IE is used to indicate when the next suspend/resume indication is going to be transmitted or when MTCH transmission is going to be resumed. 
1.4 Preferred Inclusion of Information Elements

UTRAN should include MTCH ID and suspend/resume indication to clearly indicate which MTCH should suspend or resume. The offset may be used as an optional IE.
Comparison of MTCH scheduling options
1.5 Possible MTCH Scheduling Options
The table 1 compares possible options that have been revealed until now. Those options include solutions proposed by other companies as well as the option A and B proposed in this document.
In the table 1, the following options are considered to signal MTCH scheduling information:
1) Option A: MTCH scheduling information on MCCH
· This option was described in section 3.1 in this document.
2) Option B: MTCH scheduling information in Secondary Notification Indication
· This option was described in section 3.2 in this document.
3) Option C: MTCH scheduling information on Indicator Channel [3]
· An indicator channel such as PICH or the MBMS specific PICH is used to indicate activity of MBMS data transmission during ongoing session. In this option, UE receives data transmission over MTCH after acquiring an indication over the indicator channel.
4) Option D: MTCH scheduling information on MTCH in-band signalling [4]
· The in-band signalling over MTCH is used to indicate activity of MBMS data transmission during ongoing session. This mechanism is similar to delivery of BMC scheduling message used in Release 99.
Table 1. Comparison of MTCH scheduling options
	
	Option A
(Use of MCCH)
	Option B
(Use of SNI)
	Option C
(Use of PICH)
	Option D
(MTCH In-band)

	Channel used for signalling
	( MCCH
	( SCCPCH carrying MTCH (use of SNI)
	( MBMS specific PICH
	( MTCH (in-band signalling)

	UE channel reception during data transmission
	( UE receives one physical channel (i.e. MCCH or MTCH)
	( UE receives one physical channel carrying MTCH.
	( UE simultaneously receives two physical channels (i.e. PICH and MTCH)
	( UE receives one physical channel carrying MTCH.

	UE channel switching
	( Switching between MCCH and MTCH
	( No switching
	( No switching
	( No switching

	L1 impacts
	( None
	( None
	( Coding of MBMS specific PICH should be specified.
	( None

	L2 impacts
	( None
	( None
	( None
	( A new L2 entity (e.g. MBMC) is created.

( A new control PDU is created.

	Benefits
	( Change of the MBMS specification may be minimal.
	( Quick transition between suspend and resume state
	( Quick transition between suspend and resume state
	( Quick transition between suspend and resume state

	Drawbacks
	( Slow transition between suspend and resume state
	( The size of signalling may be limited to the size of SNI.
	( Coding of MBMS specific PICH should be specified. 
( Interaction with MBMS paging mechanism may occur.
( UE should simultaneously receive PICH and MTCH.
	( A new L2 entity should be specified.

( A new control PDU should be specified.


1.6 Preferred MTCH Scheduling Options
Based on the table 1, the option B has no impacts on L1 and L2 and is able to quickly move UEs onto the suspend state. Thus, it seems to be preferable to use the option B for scheduling MTCH. However, if the SNI is not used, e.g. in case of MCCH and MTCH on the same SCCPCH, the option A could be the second choice because it has no impacts on L1 and L2.
UE Discontinous Reception Procedure
This section describes the MBMS reception procedure in all RRC states in case of the option A and B. It is noted that the option A and B can be applied to all RRC states.
1.7 UE Discontinous Reception in case of Option A
In all RRC states, after starting listening to MTCH, the UE shall:

-
if the secondary notification indication is received on SCCPCH carrying MTCH and indicates moving to MCCH:
-
listen to FACH on which MCCH is mapped;

-
if an suspend indication is received on MCCH:
-
suspend an RLC entity for the MTCH according to the given suspend indication;
-
act on the given suspend indication and RRC messages received on MCCH;

-
if an resume indication is received on MCCH:

-
resume the RLC entity for the MTCH according to the given resume indication;
-
listen to FACH on which MTCH is mapped.

1.8 UE Discontinous Reception in case of Option B
In all RRC states, after starting listening to MTCH, the UE shall:

-
if a secondary notification indication is received on SCCPCH carrying MTCH and indicates suspending the MTCH:

-
suspend an RLC entity for the MTCH according to the given secondary notification indication;

-
act on the secondary notification indication received on SCCPCH carrying MTCH;

-
if a secondary notification indication is received on SCCPCH carrying MTCH and indicates resuming the MTCH:

-
resume the RLC entity for the MTCH according to the given resume indication;
-
listen to FACH on which MTCH is mapped.
Conclusion
In this document, we proposed to use the option B as described above. To sum up, the following points are suggested:
· The UTRAN notifies the MTCH scheduling information message over SCCPCH carrying MTCH to schedule MTCH transmission.
· The UE suspend or resume MTCH reception according to the given MTCH scheduling information message.
· The MTCH scheduling information message includes MTCH id, the suspend/resume indication and an offset value.
Consequently, the text proposal below is suggested to be reflected in TS25.346.
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MTCH Scheduling Information
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Figure xx: MTCH scheduling information.
This signalling flow is applicable for handling MBMS to UEs in PMM IDLE and CONNECTED mode.
The purpose of the signalling flow is to notify UEs that MTCH will be suspended or resumed. The UTRAN may initiate this signalling flow when MTCH should be suspended or resumed. Upon receiving the MTCH SCHEDULING INFORMATION, the UE may suspend or resume MTCH. This signalling is transmitted over SCCPCH carrying MTCH.

The MTCH SCHEDULING INFORMATION includes: 
· MTCH ID

· Suspend/Resume Indication
· Offset (Timing Information)
In the MTCH SCHEDULING INFORMATION, the MTCH ID identifies which MTCH and RLC entity should be suspended or resumed, the Suspend/Resume Indication indicate to UEs whether MTCH transmission is suspended or resumed, and the offset indicates when the next suspend/resume indication is going to be transmitted or when MTCH transmission is going to be resumed. 

More information may be included in the MTCH SCHEDULING INFORMATION [FFS].
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