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1
Introduction
In this document, we evaluate the multiplexing options for DL unicast and multicast transmissions and provide a TP for TR 25.814.
2
Overview
As stated in numerous other contributions [1][2], the multicast traffic pattern varies on larger timescales than unicast, obviating the need to send an associated control channel every TTI. 
In the subsequent text, we assume a channel structure wherein:
· Associated control channel for E-MBMS (named as MCCH) is sent once every few slots (2000, 4000, etc.)

· This leads to a definition of an E-MBMS superframe spanning 1000 ms, 2000 ms, etc.

· Based on the MCCH, the UE knows a priori whether a particular slot contains multicast transmissions
Further, we assume the following:

· Minimum UE RF Capability ≥ 5 MHz
· DL Transmission Bandwidth = {1.25, 2.5, 5, 10, 15, 20} MHz
2.1
TDM Operation
The pros and cons of TDM operation are listed below.

· Pros

· Ensures that each unicast or multicast transmission is sent with the cyclic prefix necessary for optimal operation

· Ensures that the MCCH overhead is small, since the entire bandwidth over a slot is dedicated to either unicast or multicast transmissions

· Cons

· If the DL transmission bandwidth is greater than minimum UE RF capability, some DL bandwidth is left unutilized
· If the TDM operation is done per slot, the corresponding uplink assignments and HARQ signals are not transmitted

2.2
FDM Operation

The pros and cons of FDM operation are listed below.

· Pros

· If the DL transmission bandwidth is greater than minimum UE RF capability, the unutilized DL bandwidth can be utilized for unicast transmissions

· Clearly, the UEs that can be scheduled for unicast transmissions must be capable of larger bandwidth reception than minimum capability

· The corresponding uplink assignments and HARQ signals can always be transmitted

· Cons
· Larger CP insertion loss for unicast data in the presence of SFN multicast

· The cyclic prefix for each OFDM symbol is dictated by the maximum of necessary CP for unicast or multicast transmission
· Link inefficient unicast design
· Larger pilot overhead in the presence of SFN multicast

· Both SFN and non-SFN pilot tones need to be transmitted

· The pilots need to be orthogonal
2.2
Hybrid Operation

The hybrid operation is defined as follows:

· E-MBMS transmission bandwith = min { DL Transmission bandwith, min UE RF capability }

· DL transmission bandwidth is less than or equal to minimum UE RF capability

· TDM operation within an OFDM symbol

· Depending on uplink load, certain OFDM symbols are reserved within a slot for unicast transmissions

· Intended for uplink assignments and HARQ signals

· DL transmission bandwidth is greater than minimum UE RF capability

· FDM operation within an OFDM symbol

· Depending on uplink load, certain OFDM symbols are reserved within a slot for unicast transmissions

· Intended for uplink assignments and HARQ signals to UEs with minimum RF capability

Such a hybrid operation prioritizes TDM operation while ensuring seamless operation when the DL transmission bandwidth is larger than minimum UE RF capability and/or when the uplink load is large.
As an example, consider the following:

· Example 1

a. System transmission bandwidth = 5 MHz

b. UE Capability = 5 MHz

c. E-MBMS Transmission bandwidth = 5 MHz

d. TDM operation within an OFDM symbol between DL unicast and multicast

e. Light uplink load

i. Entire slot dedicated to multicast data

ii. Corresponds to blanked HARQ interlaces in the uplink

f. Heavy uplink load

i. One OFDM symbol within a slot dedicated to unicast

1. Used to send uplink assignments and ACK/NAK transmissions

ii. The rest of OFDM symbols within a slot dedicated to multicast

· Example 2

a. System transmission bandwidth = 15 MHz

b. UE Capability = 5 MHz

c. E-MBMS Transmission bandwidth = 5 MHz

d. Minimum unicast transmission bandwidth = 10 MHz

e. FDM operation within an OFDM symbol between DL unicast and multicast

f. Light uplink load from UEs with 5 MHz capability

i. All OFDM symbols within a slot contain MBMS data
ii. Corresponds to blanked HARQ interlaces in the uplink for UEs with 5 MHz capability
g. Heavy uplink load from UEs with 5 MHz capability
i. One OFDM symbol within a slot dedicated to unicast

1. Used to send uplink assignments and ACK/NAK transmissions for UEs with 5 MHz capability
ii. The rest of OFDM symbols within a slot dedicated to multicast and DL unicast
1. DL unicast data transmitted for UEs with greater than 5 MHz capability
3
Text Proposal

---------------------------------------------------------- Begin Text Proposal ------------------------------------------------------------

7.1.1.2.3
Multiplexing of Unicast and Multicast Traffic

The following unicast/multicast traffic multiplexing schemes should be considered:

· TDM: DL unicast traffic and multicast traffic sent over separate slots

· Unicast and multicast transmissions may use different CP lengths.

· FDM: DL unicast traffic and multicast traffic can be sent over same slot on disjoint frequency allocations

· Unicast and multicast transmission use same CP length if transmitted in same slot.

· Hybrid:
· E-MBMS transmission bandwith = min { DL Transmission bandwith, min UE RF capability }

· DL transmission bandwidth is less than or equal to minimum UE RF capability

· TDM operation within an OFDM symbol

· Depending on UL load, certain OFDM symbols are reserved within a slot for UL unicast PHY control transmissions
· Unicast and multicast transmissions may use different CP lengths.
· DL transmission bandwidth is greater than minimum UE RF capability

· FDM operation within an OFDM symbol

· Depending on UL load, certain OFDM symbols are reserved within a slot for UL unicast PHY control transmissions

· Intended for UEs with minimum RF capability

· Unicast and multicast transmissions use same CP lengths.
4
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