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Enhanced frame structure for effective coexistence of unicast and multicast-broadcast
Hongwei YANG, Liyu CAI, Dong LI, Yang SONG, Keying WU
Alcatel-Lucent
Background
IEEE 802.16e supports simultaneous transmission of unicast and multicast-broadcast services in one physical frame [1] with the same CP length and the same pilot density in frequency domain. However, this is not effective in the fact that in real radio environments, multicast-broadcast services will transmit through a radio channel with much larger delay spread than that unicast service will go through, and therefore requires larger CP length to avoid the Inter-Symbol Interference (ISI) and denser pilots in frequency domain to achieve good channel estimation accuracy. IEEE 802.16m system shall support enhanced multi-cast-broadcast service in a spectrally efficient manner [2]. To achieve this target, this contribution suggests enhancing the .16e structure to improve the spectral efficiency of the coexistence of unicast and multicast-broadcast.
Problem description
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Figure 1 Propagation scenario for unicast

For unicast service coverage, OFDM/A based system is often designed for targets of capacity enhancement and coverage extension. The length of the CP is often designed as large as possible to avoid Inter-Symbol-Interference (ISI), and as small as possible for lower overhead. Generally, the CP length equals to the maximum delay of wireless channel. The pilot spacing in the frequency domain should be designed to be less than the coherence bandwidth of the wireless channel, which often equals to the inverse of the delay spread of the wireless channel. With low frequency reuse, as shown in Figure 1, the terminal receiving the desired signal ‘A’ often suffers from co-channel inter-cell interference (ICI) ‘B’, ‘C’, etc., and therefore this system is often ICI limited.
For broadcast service coverage, OFDM/A based system is often designed to improve the throughput or the availability of the worst user. Figure 2 shows the propagation scenario for broadcast, where the terminal will receive the signal ‘A’ from the involved multiple BSs. Therefore the ICI disappears, and it turns the ICI power such as ‘B’ and ‘C’ in Figure 1 into desired signal power. Thus, RF combining gain and interference avoidance gain often makes the system being noise limited, but not CCI limited. In the same time, the signals from remote BSs lead to larger delay spread of the broadcast radio channel than the case for unicast, and therefore the overall delay spread of the radio channels is often much larger than the case for unicast.
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Figure 2 Propagation scenario for multicast-broadcast
Obviously, signals for broadcast and unicast will suffer from different delay spreads due to different multipath fading channels, and should be guaranteed by CP with different length to avoid ISI. Correspondingly, pilots with different density in frequency domain should be inserted with good tradeoff between channel estimation accuracy and pilot cost. However, the existing frame structure in .16e is so designed so that the OFDM symbols in a frame have uniform CP length and uniform pilot density for both unicast zone and broadcast zone. If the CP length is designed for broadcast, then it is often much larger than the CP length for unicast, and therefore leads to low spectrum efficiency for unicast cahnnel resource; if the CP length is designed for unicast, then it is often much shorter than the CP length for broadcast, and it will lead to significant performance degradation for broadcast transmission. Similarly, if the pilot density keeps the same for both unicast and broadcast, it will be either designed for unicast, and therefore lead to poor channel estimation accuracy for broadcast; or designed for broadcast, and but waste too many pilots for unicast. Though the CP length is scalable with flexible length of 1/4, 1/8, 1/16 and even the smaller of an OFDM symbol length, depending on the maximum delay spread of the cell coverage, once a specific CP duration has been selected by the BS for operation on the downlink, it should not be changed to adapt to unicast or broadcast bursts. Similarly, the pilot density in frequency domain is fixed and designed for large delay spread, which doesn’t adapt to change of CP length, and therefore not highly efficient.
Solution description
We propose a physical layer dynamical sub-frame reorganization scheme for efficient multiplexing of unicast and multicast-broadcast service. In the sub-frame to carry broadcast bursts, the channel resources in the multicast-broadcast zone is reorganized dynamically according to various channel delay spread by attaching longer CP and probably more compact frequency pilots in order to adapt to the increased delay spread of broadcast channel; the channel resources in the unicast zone keeps the same as the existing frame structure. With the help of the proposed sub-frame reorganization scheme, transmission for both unicast and multicast-broadcast can be optimized in terms of capacity enhancement and coverage extension respectively.
In order to describe the frame reorganization scheme, some key parameters are defined in Table 1.

Table 1 OFDM/A system downlink frame structure in the proposed frame reorganization scheme

	Parameter
	Value

	Number of OFDM/A symbols
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	Number of subcarriers in an OFDM/A symbol
	
[image: image4.wmf]N



	Number of used subcarriers in an OFDM/A symbol
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	Number of OFDM/A symbols for broadcast
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	Length of CP for broadcast
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	Length of CP for unicast
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	Number of pilots in an OFDM/A symbol for broadcast
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These parameters are predefined. Considering that the proposal only reorganizes the OFDM/A symbol structure in the broadcast zone and keeps the OFDM/A symbol structure there in the unicast zone, we just discuss the existing frame structure and the proposed frame structure in broadcast zone. For easier description, we assume a frame with all subchannels transmitted for broadcast. Two kinds of sub-frame structures are defined as an example in Figure 3 and 4. More frame structures can be defined in the similar way with different CP size. The basic difference between the two sub-frame structures is that the second one occupies less OFDM/A symbols, but longer CPs for each OFDM/A symbol with the increased samples coming from those of the reduced OFDM/A symbols.
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Figure 3 An example of the frame structure for unicast
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Figure 4 An example of the frame structure for multicast-broadcast
Two kinds of pilot pattern in a sub-band are defined as an example in Figure 5. The basic difference between the two pilot patterns lies in that the proposed frame has more compact pilot pattern in broadcast zone than the existing frame, though they have the same pilot pattern in unicast zone.
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(a)                                       (b)
Figure 5 Pilot patterns for unicast and multicast-broadcast
Transmitter

In MAC layer, as a response to broadcast service requirement, the scheduler will allocate a Connection Index Description (CID) to the broadcast burst. Then the scheduler allocates a data zone with 
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 OFDM/A symbols for the broadcast service transmission. In this frame, the other (
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) OFDM symbols out of the broadcast zone will be used for unicast service and signaling transmission. Based on the channel measurement feedback in terms of delay spread of the physical broadcast channel through uplink (UL) signaling, the scheduler will select one index out of all the defined frame type index candidates corresponding to different CP length, and one out of those corresponding to defined different pilot patterns, and the signaling to support broadcast service transmission. To minimize the impact of the proposal on the standard, the CP length and pilot pattern can also be pre-defined when deploying the system, and they will be not changed during the DL operation. Physical layer information elements to indicate the start of the broadcast zone, the CP index and pilot pattern index will be transferred over DL signaling channel.
In PHY layer, both unicast burst and broadcast burst will be encoded, interleaved and modulated respectively according to the corresponding modulation and coding schemes. Then the modulation symbol sequence will be mapped to the sub-carriers of unicast channel and broadcast channel. After Inverse Fast Fourier Transformation (IFFT), according to the index of CP for broadcast from MAC layer, corresponding CP will be appended to the OFDM symbols in broadcast zone; while no change happens to the CP for unicast zone. According to the index of CP length and pilot patterns for broadcast, the OFDM symbol structure will be reorganized in the broadcast zone to comply with one of the pre-defined frame structures.
Receiver

The receiver performs time and frequency synchronization, and makes channel measurement in terms of delay spread based on preamble or pilots. The estimation of delay spread will be fed back to transmitter over UL channel. After time and frequency compensation to the received signals, the received signal frame will be de-framed into unicast received signal and broadcast received signal based on the received DL control signaling. Broadcast signals will be removed with the specific CP corresponding to the received CP index, perform channel estimation based on the specific pilot pattern, and then equalize the received signals. After that, demodulation, de-interleaving and decoding are carried out as usual.
Specific text proposal
[Add the following section into SDD]

------------------------------------Start text proposal------------------------------------

x.x.x. Enhanced frame structure to support effective coexistence of unicast and multicast-broadcast
Enhanced frame structure with dynamically configured CP length and pilot pattern in multicast-broadcast zone shall be supported for effective coexistence of unicast and multicast-broadcast.
------------------------------------End text proposal------------------------------------
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