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1. Introduction
The decision about MCCH multiplexing is important because MCCH multiplexing is closely related to UE capability, the efficient usage of downlink transmission resource and the efficient delivery of normal paging and MBMS notification. In this document, a few possible MCCH multiplexing options are analyzed and one solution based on this analysis is proposed.
2. Analsis of MCCH multiplexing options
MCCH is mapped to FACH and FACH is transmitted over S-CCPCH. If we have only one S-CCPCH in a cell, we may not need to discuss MCCH multiplexing. However, the number of S-CCPCH per cell can be different since it depends on cell environment. The S-CCPCH configuration in [3] are used in document for the fair comparision.

	
	Mapping Transport chsnnels to S-CCPCH

	1st S-CCPCH configuration
	S-CCPCH#1 : PCH(PCCH) 

S-CCPCH#2 : FACH(CCCH/DCCH/BCCH ) + FACH ( 32 kbps PS RAB) 

	2nd S-CCPCH configuration


	S-CCPCH#1 : PCH(PCCH ) +FACH(CTCH)

S-CCPCH#2 : FACH(CCCH/ BCCH ) + FACH ( CTCH) 

S-CCPCH#3 : FACH(CCCH/DCCH/BCCH) + FACH( 32kbps PS RAB)

	3rd S-CCPCH configuration
	S-CCPCH#1 : PCH(PCCH)

S-CCPCH#2 : FACH(CCCH/DCCH/ BCCH ) + FACH ( 32bkps PS RAB) 

S-CCPCH#3 : FACH(CCCH/DCCH/BCCH) + FACH( 32kbps PS RAB)


<Table 1. Referece configuration of S-CCPCH >
We assume one more S-CCPCH, which carries FACH for MTCH because transport format for MTCH is determined by MBMS service characteristics( e.g. required data rate and QoS ) and TF of other TrCHs on S-CCPCHs are predefined. We also assume MCCH is solely mapped to one.
The explanation about UE operation in the following is based on that UE can receive 2 S-CCPCHs simultaneously. 

There are 5 possible multiplexing FACH(MCCH) to S-CCPCH
· FACH(MCCH) is mapped to all S-CCPCH
· FACH(MCCH) is mapped to all S-CCPCHs carrying PCH(PCCH)[1]
· FACH(MCCH) is mapped to all S-CCPCHs carrying FACH(DCCH)
· FACH(MCCH) is mapped to  all S-CCPCHs carrying FACH(MTCH)[2]

· FACH(MCCH) is mapped to only one S-CCPCH with signaling support or reading PICH 
2.1 FACH(MCCH) is mapped to all S-CCPCHs
We can set FACH(MCCH) to all S-CCPCHs in a cell. This is very simple option. A UE is able to receive Normal paing as well as MBMS notification even though it is already receiving one MBMS service. 
However, this option may cause the waste of downlink transmission power when the number of S-CCPCHs per cell is high. MCCHs, which have the same control information will be duplicately transmitted.
2.2 FACH(MCCH) is mapped to all S-CCPCHs carrying PCH

FACH (MCCH) is multiplexed with PCH(PCCH). A UE in idle, URA_PCH, and CELL_PCH can receives Normal paging and MBMS notification while receiving a MBMS service. 
In 2nd option, a UE in CELL_FACH has the problem on receving MTCH or MCCH when it is receving one MBMS service and receives the positive NI(Notification Indicator).

We consider the case that a cell has the 1st S-CCPCHs reference configuration. A UE in CELL_FACH receives 2nd S-CCPCH and it also receives another S-CCPCH for MTCH. It should receive NICH to know whether Notification is or not. If a UE receives the positive NI, then it should select 2 S-CCPCHs among 3. This may cause the discrete reception of MBMS service or missing notification message.
The number of MCCH depends on the number of PCHs. Most of system may have one PCH per cell. So, in 2nd option, the number of MCCH may be one. Accordingly, 2nd option can save downlink transmission power than 1st option.

2.3 FACH(MCCH) is mapped to all S-CCPCHs carrying FACH(DCCH)

FACH(MCCH) is multiplexed with FACH(DCCH). 

A UE in CELL_FACH can receive Normal paging and MBMS notification while receiving a MBMS service with the capability of receiving 2 S-CCPCHs simultaneously.

A UE in idle, URA_PCH and CELL_PCH, may miss MBMS paging or normal paging when it already is receiving a MBMS services. In contrast to option 2, option 3 is beneficial to UE in CELL_FACH. 

However, if there is more than 2 S-CCPCHs, which carry FACH(DCCH), such as the 3rd S-CCPCH reference configuration,  then we should set MCCH to these two S-CCPCHs. Otherwise, some of UEs in CELL_FACH, which have S-CCPCH that does not carry FACH(MCCH) are in the same situation of UE in idle, URA_PCH and CELL_PCH.

Accordingly, the number of MCCH depends on the number of S-CCPCHs, which carry FACH(DCCH) in the 3rd option. This means MCCH can be duplicated and the downlink transmission power may be wasted.

2.4 FACH(MCCH) is mapped to all S-CCPCHs carrying FACH(MTCH)

MTCH and MCCH are logical channel. In 4th option, there are two possibilities for multiplexing MCCH with MTCH. One is both are mapped on the same FACH and the other is both are respectively mapped to the different FACH. Both possibilities has the problem on TFCS configuration. TF for RB of MCCH is pre determined because RB configuration of MCCH is defined in SIB. However, TF for RB of MTCH is determined whenever new MBMS service occures. Accordingly, TFCS reconfiguration will be happened frequently in 4th option. 
Addition to this, if there are more than one S-CCPCH carrying MTCH, MCCH can be duplicated.
2.5 FACH(MCCH) is mapped to one S-CCPCH with signaling support or UE capability support
There is only one S-CCPCH, which carries FACH(MCCH) in 5th option.
If a cell has 1st  ,2nd, or 3rd  S-CCPCH reference configuration and S-CCPCH#1 on each configuration can have FACH(MCCH), then a UE in idle, URA_PCH and CELL_PCH can receive Normal paging and MBMS notification while receiving a MBMS service. 
However, a UE in CELL_FACH, which is already receiving a MBMS service can’t receive MBMS notification since it can’t know when MBMS notification is transmitted. 
We can slove this problem with signaling support or reading PICH ( or MBMS specific PICH) when a UE is in CELL_FACH
Signaling support

If we use a dedicated paging for UE in Cell FACH, it can know when it reads MCCH. 

The potential drawbacks are the change on the current dedicated paging message and the delay. 
The required change is to add some cause values and MBMS ID to the current dedicated paging message.

In comparison with UE in idle, URA _PCH and CELL_PCH, a UE in CELL FACH may be late for reading MCCH due to dedicated paging from SRNC. But, it takes time for MBMS notification procedure itself because each UE in idle, URA_PCH and CELL_PCH uses its own DTX cycle to know whether MBMS paging is not. So, the delay due to dedicated paging can be covered by the delay due to notification procedure.
Reading PICH or MBMS specific PICH 
If a UE can simultaneously receive 2 S-CCPCHs and PICH( or MBMS Specific PICH), then a UE in CELL_FACH can know when it reads MCCH. 
The potential drawback is as follows. Notification indicator justs indicates there is MBMS notification. Whenever, it receives the positive NI,  a UE should read MCCH to know whether the notification for the concerned MBMS is or not. This causes the descrete reception of MBMS service while a UE is already receiving a MBMS service.

Comparing the potential drawback of Signaling support with that of reading PICH ( or MBMS specific PICH), the former is less significant than the letter.
Consequently, we proposed signaling support for 5th option 
3. Conclusion 
Considering UE capability, the efficient usage of downlink transmission power, and the efficient delivery of Normal paging and MBMS notification, we propose
· FACH(MCCH) is mapped to only one S-CCPCH, which doesn’t carry MCCH, in a cell.
· Signalling support – dedicated paging- for UE in CELL FACH
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