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1
Introduction

At the Rel 6 Ad-hoc progress was made in finalising the signalling architecture for MBMS, however, the mechanism for signalling MTCH DRx scheduling was not discussed and remains incomplete in stage 2, i.e. no logical channel or transport channel is yet specified. 

This paper proposes that scheduling information is assigned a new logical channel (MSCH) that is mapped to FACH on MTCH S-CCPCH. Its inclusion on an S-CCPCH would be optional. A CR is provided to add this into [1]. 

It is also questioned whether, in some circumstances, MTCH DRx scheduling information could be transmitted with p-t-m bearer parameters on MCCH.

2
Discussion

The purpose of MTCH scheduling has been identified as enabling a UE to implement DRx. This has generally been discussed in the context of bursty services that are multiplexed onto a single S-CCPCH but could equally relate to DRx of a single MTCH that is exclusively mapped to a single S-CCPCH. During the Rel-6 Ad-hoc there was also some discussion relating to the use of scheduling to indicate to a UE when it should receive and soft combine in circumstances where MTCH are time multiplexed onto a single S-CCPCH. 

The decisions made at the Budapest Ad-hoc [2] indicate that scheduling signalling will time partition an MTCH S-CCPCH by signalling the allocation of a block or blocks of frames (TTI) to particular services, it does not indicate the use of simple Rx on/off signalling. The following requirements relating to scheduling signalling have been captured:

· It should be synchronous, i.e. transmitted at known points in time [2],

· Indicate a start time and duration for reception of particular MTCH [2]. Different time periods for different services should be allowed [2], 

· Be transmitted on the same S-CCPCH as MTCH [1].
2.1 Transmission of scheduling information on the S-CCPCH that carries MTCH

Stage 2 [1] already identifies that scheduling information should be transmitted on the same S-CCPCH as the MTCH to which it relates. It has been established that scheduling information will be transmitted at pre-defined (on MCCH) points in time. What has not been specified is the mechanism that should be used.

Three methods for transporting scheduling information can be identified:

· On a dedicated logical channel (MSCH – MBMS Scheduling Channel) that is multiplexed onto a dedicated FACH. 

· On a dedicated logical channel (MSCH) that is multiplexed onto the same FACH as MTCH,

· In the MAC header.

A UE that is performing DRx would wake up at defined point in time to receive MSCH. If it failed to detect MSCH it could recover by receiving S-CCPCH for the whole of the next scheduling interval. 

Using a dedicated logical channel and dedicated FACH has the attributes:

-
It uses existing R99 procedures although increased complexity in specifying MTCH S-CCPCH on MCCH is to be expected because of the need to define an additional TFS and an S-CCPCH TFCS that has increased complexity.

-
Use of a dedicated FACH will enable better error protection for MSCH than is used for MTCH. This is desirable because MSCH should have a relatively low error rate and because MSCH cannot make use of selective or soft combining.

-
For selective combining and single cell transmissions it is possible for MSCH to be transmitted simultaneously with MTCH. This will reduce or remove the loss of MTCH capacity that would result if MTCH and MSCH occupy the same FACH although some increase in transmitter power may be required. Consequently, the frequency with which scheduling information is transmitted may not be significantly constrained.

MSCH can be a low data rate channel and so the increase in power required for simultaneous transmission is believed to be small perhaps of the order of 0.1 dB.  To define a block of frames (start/ duration) or a sequence of blocks (start/ duration/ repetition period) could require only a small number of bits per service, say 24 or less (a full service Id would not be necessary), so that, for example, the 1.7 kbps SRB format of 136 bits payload with an 80ms TTI should be adequate. 

-
For soft combining it will not be possible to transmit MSCH simultaneously with MTCH and so MTCH capacity will be lost when MSCH is transmitted. This implies that the frequency with which scheduling information is transmitted may be limited where soft combining is used e.g. with 80msec TTIs a 1 second scheduling interval will consume 8 per-cent of capacity.

Multiplexing a dedicated logical channel onto the FACH that is used for MTCH has the attributes:

-
It uses R99 procedures and may have a reduced complexity in specifying MTCH S-CCPCH on MCCH than does use of a dedicated FACH.

-
The use of the same TFS as the MTCH prevents the use of a higher level of error protection than is provided for MTCH.

-
Capacity is always lost when the synchronous MSCH transmissions are made not only in the case of soft combining but also in the case of selective combining and single cell transmission. This may restrict the frequency with which scheduling updates can be made.

Using the MAC header to signal scheduling data instead of multiplexing an MSCH signalling channel with MTCH is a possibility, however the following are noted:  

· Whilst the header bits would be interpreted by UEs only at the beginning of each scheduling interval they must be present in each header. The overhead is thought to be similar to that which results from a use of logical channel multiplexing although this would depend upon the length of the scheduling interval in use and what is signalled in the MAC header.

-
Where soft combining is employed it would be necessary to ensure that header signalling is identical on each S-CCPCH. This implies that header bits relate only to the MTCH that is being transmitted or that the S-CCPCH of each cell carry identical combinations of MTCH.

-
If there is no data for transmission at a scheduling instance it would be necessary for MAC to create dummy PDUs.

Based on these qualitative issues it is suggested that use of MAC header signalling would be more difficult to implement than the use of a dedicated signalling channel multiplexed onto MTCH S-CCPCH and may not provide a reduced signalling overhead. It is suggested that mapping the logical signalling channel to its own FACH would be advantageous albeit at the expense of TFCS complexity. Because both logical and transport channel multiplexing are R99 features the main issue to be considered is whether MCCH signalling should enable one or both options. This is left open here. 

It is proposed that MSCH should use UM RLC.

It would be possible to transmit additional information on MSCH. Because a UE will be required to receive at least part of MCCH traansmissions each modification period the data that could be considered may be limited. Session stop is one possibility, removing the need to signal it on MCCH.

2.2 Transmission of Scheduling Information on MCCH 

Whilst it has been decided that MTCH scheduling information should be transmitted on the same S-CCPCH as MTCH, in view of the revision of MBMS signalling that took place at the Rel 6 Ad-hoc it is suggested that the possibility of transmitting scheduling information on MCCH could be revisited. 

Simple Rx on/ off:

Transmission of Rx on/off on MCCH could be relatively simple with a low overhead but the update interval may be too large to be useful. 

The MTCH service identifier will be transmitted in the MCCH 'service list' that will form the first part of each MCCH 'repetition period' transmission. It will be present because ptm parameters for the MTCH will be included in the MCCH transmission. It would be possible to include an Rx on/off indicator for the MTCH in the ‘service list’ and a UE could then identify, for each modification period whether it should apply DRx.

A 'modification period' may be too long, however, to be useful as a switching interval. If it were permitted that the 'service list' can be changed between repetition periods then a smaller interval would be possible.

Receive block allocation:

It would be possible to include receive block allocations i.e. start/duration duples or start/duration/repetition-length triples within the MCCH structure. UEs would detect the presence of revised allocations in the same way that changes to other parameters are detected. 

There is a cost incurred in MCCH load but the overhead of a start/ duration or start/ duration/ repetition-length parameter set could be quite small if included with other bearer information such as p-t-m parameters. There may be a cost to the UE because it may be required to receive a significant quantity of MCCH content before detecting the scheduling information. The effective scheduling interval may also be longer than is required.

The use of MCCH for the transmission of DRx receive block allocations could be considered where the primary reason for block allocation is time subdivision of an S-CCPCH and the subdivision is slow to change (perhaps of the order of many modification periods). It would remove the need for signalling on MTCH S-CCPCH but for the circumstances where it would be used, the in-band signalling overhead would also be low. This suggests that it could be sufficient to use only MSCH for the signalling of scheduling information. 

3.  Conclusions

The specification of scheduling signalling in [1] is incomplete. It is proposed that a new signalling (MSCH) that is mapped to FACH on S-CCPCH that carries MTCH should be defined in [1]. A CR for this is attached.

It is also proposed that:

-
Stage 3 signalling definition for MCCH should enable the MSCH to be mapped to a dedicated FACH. 
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3.3
Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TS 21.905 [1] and the following apply:
CELL_DCH


CELL_FACH


CG-Id
Cell Group Identifier

CRNC-Id
CRNC Identifier
FFS
For Further Study

MBMS

Multimedia Broadcast Multicast Service

MBMS service ID
Multimedia Broadcast Multicast Service service Identity

MBMS CG-Id
MBMS Cell Group Identifier

MBMS UCG-Id
MBMS UTRAN Cell Group Identifier

MCCH
MBMS point-to-multipoint Control Channel

MICH
MBMS notification Indicator Channel
MSCH
MBMS Scheduling Channel
MTCH
MBMS point-to-multipoint Traffic Channel

NI
Notification Indicator

p-t-p
Point-to-Point

p-t-m
Point-to-Multipoint

PF
Probability Factor

SNI
Secondary Notification Indicator

5.3.2
MBMS Control Plane Protocol Stack Architecture
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Figure 1: Protocol Stack for MCCH and MSCH
Figure 1 illustrates the protocol termination for MCCH in MBMS, which is p-t-m control channel and for MSCH in MBMS which is a p-t-m DRx scheduling channel. 
MBMS functionalities are included in MAC and RRC.

In case of p-t-p transmission, DCCH is used for MBMS and the protocol termination for DCCH mapped on DCH and FACH are presented in [8]. MSCH is not used with p-t-p transmission.
6.2.1
Logical Channels 

6.2.1.1
MBMS point-to-multipoint Control Channel (MCCH)

This logical channel  is used for a p-t-m downlink transmission of control plane information between network and UEs in RRC Connected or Idle Mode. The control plane information on MCCH is MBMS specific and is sent to UEs in a cell with an activated (joined) MBMS service. MCCH can be sent in S-CCPCH carrying the DCCH of the UEs in CELL_FACH state, or in standalone S-CCPCH, or in same S-CCPCH with MTCH. Short indication is always given to UE to when to read MCCH. UTRAN may use in-band notification instead of the MICH to notify users receiving MTCH. [FFS based on decision on SNI].

Reception of paging has priority over reception of MCCH for Idle mode and URA/CELL_PCH UEs.

6.2.1.2
MBMS point-to-multipoint Traffic Channel (MTCH)

This logical channel is used for a p-t-m downlink transmission of user plane information between network and UEs in RRC Connected or Idle Mode. The user plane information on MTCH is MBMS Service specific and is sent to UEs in a cell with an activated MBMS service.
6.2.1.3 MBMS point-to-multipoint Scheduling Channel (MSCH)

This logical channel is used for a downlink p-t-m transmission of DRx scheduling information between network and UEs in RRC Connected or Idle Mode. The scheduling information is specific to an S-CCPCH that carries MTCH and is transmitted synchronously (peridically). 
6.2.2
Transport Channel

FACH is used as a transport channel for MTCH, MCCH and MSCH.

6.2.3
Physical Channel

SCCPCH is used as a physical channel for FACH carrying MTCH or MCCH.

6.2.4
Mapping between channels

Only in downlink, the following connections between logical channels and transport channels exist:

-
MCCH can be mapped to FACH

-
MTCH can be mapped to FACH
-
MSCH can be mapped to FACH
The mappings as seen from the UE and UTRAN sides are shown in Figure 2 and Figure 3 respectively.
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Figure 2: Logical channels mapped onto transport channel, seen from the UE side
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Figure 3: Logical channels mapped onto transport channel, seen from the UTRAN side

6.2.5
Data Flows through Layer 2

6.2.5.1
Data flow for MCCH mapped to FACH

For MCCH, the RLC mode to be employed is UM-RLC, with required enhancements to support out of sequence SDU delivery. A MAC header is used for logical channel type identification.

6.2.5.2
Data flow for MTCH mapped to FACH

For MTCH, the RLC mode to be employed is UM-RLC, with required enhancements to support selective combining. Quick repeat may be used in RLC-UM. A MAC header is used for logical channel type identification and MBMS service identification.
6.2.5.3 Data flow for MSCH mapped to RACH
For MSCH, the RLC mode to be employed is UM-RLC. A MAC header is used for logical channel type identification.
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