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1. Introduction

Two modes of TDD operations are envisaged for MBSFN operations: “Partial Carrier SFN” and “Full Carrier SFN”. In the partial carrier SFN mode, a mix of unicast traffic (non-MBSFN) and MBSFN services can exists whereas in the full carrier SFN mode all time slots are used for downlink transmissions and MBSFN operations as illustrated in Figure 1. When operating in the partial carrier SFN mode, with downlink/uplink switching on the same carrier, TDD burst types need to include guard periods. For full carrier SFN, however, the guard period is not needed since no switching between DL/UL transmissions occur and thus represents an unnecessary overhead. Thus, in an optimized broadcast no guard periods should be used.  
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Figure 1: MBSFN transmissions in all downlink slots, i.e. full carrier SFN operations.
When transmitting in all downlink slots only, the meaning of TDD and FDD becomes obsolete in the sense that no duplex occurs in broadcast. The differences between the broadcast modes MBSFN WCDMA DL and MBSFN TD-CDMA DL (3.84 Mcps) are then basically the construction of the common downlink physical channels. Both these broadcast modes support time division multiplexing of MBMS services as a UE request to save power consumption. We can expect similar performance between these two broadcast options ‎[1] and which to select would then be a matter of market preferences to fast and cost efficiency integrate the add-on MBSFN feature in existing systems. Broadcast is inherently deployed in unpaired spectrum.
We here introduce a TDD option that is optimized for TDD downlink only transmissions and where all slots transmit MBMS services over SFN. We refer this option to as Downlink Optimized Broadcast (DOB), with “D” emphasizing that all slots are used for downlink operations only. The physical channels for this DOB option coincide with those used in MBSFN WCDMA DL operations, in which slot formats do not include guard periods. Instead of bursts with midambles, a pilot channel is used.
In this contribution, we outline the changes for RAN1 and RAN2 specifications to include the DOB option. The TS implementation of the DOB option is captured by the CRs ‎[2], ‎[3], ‎[4], ‎[5], ‎[6], ‎[7] and ‎[8], together with the companion set of CRs ‎[9], ‎[10], ‎[11], ‎[12], ‎[13], ‎[14], ‎[15], ‎[16] and ‎[17] which are part of the FDD work item for the enhanced MBMS physical layer ‎[18].
2. Support for the TDD-DOB option
In this section, we illustrates how the DOB option can be implemented to the 3GPP specifications without, or minor, interfering with any of the current TDD CR work done so far within the scope of  ‎[19].
Figure 2 provides an overview of how DOB can smoothly be incorporated as an additional TDD option, in which the upper right part of this figure (“green”) illustrates the ongoing standardization of MBSFN-FDD. For L1, adding DOB implies that a few new clauses are added to the TS 25.22x specifications, which can be done in the same fashion as previous TDD options have been added. In this case, the text in these new clauses and subclauses will basically refer to relevant parts in the TS 25.21x specifications. This is illustrated by the dashed arrow in Figure 2 that points from the TDD DOB option towards the MBSFN-FDD parts in TS 25.21x. In the case of L2/L3, some additions to the RAN2 specifications need to be added in order to setup the DOB channels.
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Figure 2: Introduction of the TDD DOB option for optimized full carrier MBSFN operations.

3. Outline of CR changes

3.1. Outline of changes to TS 25.201
It is expressed that MBSFN DOB FACH transmission may use 16QAM modulation.  

3.2. Outline of changes to TS 25.221
A new clause 5C “Physical channels for the DOB option” has been introduced. The following subclauses have been included to this clause, which basically refer to relevant parts in TS 25.211.

· Transmit diversity
· Common physical channels

· Primary common pilot channel (P-CPICH)

· Primary common control physical channel (P-CCPCH)

· Secondary common control physical channel (S-CCPCH)

· Synchronisation channel (SCH)
· The MBMS indicator channel (MICH)

· Timing relationship between common physical channels

In addition, a new clause “9 Mapping of TrCHs to physical channels for the DOB option” was also introduced, and includes a reference to subclause 6.1 in TS 25.211.

3.3. Outline of changes to TS 25.222

A new clause 5 “Multiplexing, channel coding and interleaving for the DOB option” has been introduced. The following subclauses have been included to this clause, which basically refer to relevant parts in TS 25.212.
· General

· General coding/multiplexing of TrCHs

· CRC attachment

· Transport block concatenation and code block segmentation

· Channel coding

· Rate matching

· Insertion of discontinuous transmission (DTX) indication bits

· Interleaving
· Radio frame segmentation

· TrCH multiplexing

· Physical channel segmentation

· Physical channel mapping

· Restrictions on different types of CCTrCHs

· Multiplexing of different TrCHs into one CCTrCH, and mapping of one CCTrCH onto physical channels
· Transport format detection

· Transport format detection based on TFCI

· Coding of Transport-Format-Combination Indicator (TFCI)

· Mapping of TFCI code words

3.4. Outline of changes to TS 25.223
A new clause 5B “Data modulation for the DOB option” has been introduced. The following subclauses have been included to this clause, which basically refer to relevant parts in TS 25.213.
· Symbol rate

· Mapping of bits onto signal point constellation

· QPSK modulation

· 16QAM modulation

In addition, a clause 6A “Spreading modulation for the DOB option” has also been introduced.
· Basic spreading and scrambling

· Channelisation codes

· Scrambling codes

· Modulation

Finally, a clause 8A “Synchronisation codes for the DOB option” has also been introduced.
· Code generation
· Code allocation of secondary synchronization code

3.5. Outline of changes to TS 25.224

It is noted in a new clause 7 “Physical layer procedures for the DOB option” that the MBSFN DOB option is designed for full carrier SFN operations only, and therefore both uplink procedures and downlink power control procedures are obsolete. This clause also includes a brief note about how MBSFN cluster search and radio frame timing synchronization on the MBSFN layer can be done, with references to TS 25.214. It is also briefly indicated that power offsets between CPICH and some physical channels may be signalled by higher layers, with references to TS 25.214.
3.6. Outline of changes to TS 25.331

It is proposed that the list of frequencies used for MBSFN in SIB11 is separated from the IE "Measurement control system information". This is something that has already been assumed in some of the drafts that was circulated on the R2 reflector for the introduction of MBSFN in 25.331 before the RAN1#49/RAN2#58 meeting. However, in order to support the TDD-DOB operation, a new indication is introduced in that list. It is used to indicate those TDD frequencies that are used for TDD-DOB operation.

A UE selecting one of those frequencies for MBSFN operation shall behaves according to the FDD MBSFN requirements regarding the RRC procedures and messages. A UE needs not to consider other frequencies than those listed in SIB11 and explicitly marked for TDD-DOB operation for this special mode of MBSFN operation.
3.7. Outline of changes to TS 25.346

A new sub-clause 7.1a.3 is included in the MBSFN description, introducing the TDD-DOB operation as a special mode of MBSFN operation. TDD frequencies used for TDD-DOB operations shall be indicated in the list of MBSFN frequencies proposed in SIB11. A UE operating on such a frequency behaves according to the FDD MBSFN requirements regarding the RRC procedures and messages.

4. Conclusions
We have introduced the Downlink Optimized Broadcast (DOB) as a fourth TDD option. It is designed for MBMS and full carrier SFN operations, and the construction of radio frames coincides with those for MBSFN WCDMA DL. We have also outlined how this option can smoothly be added to the TDD/FDD specifications, with minor impact on the ongoing work within the scope of ‎[19].
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