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1 Introduction

According to the current RAN1 TR related to the Study Item Evolved UTRA [1], EUTRA downlink is to support transmission on non-consecutive (scattered) sub-carriers, which is simply referred to as diversity transmission in this paper, as a means to maximize frequency diversity, in addition to block-wise transmission consisting of a number of consecutive sub-carriers for a number of consecutive OFDM symbols. 

Various kinds of the diversity transmission scheme have been proposed and discussed by a number of companies ([2] – [11]). In this contribution, strength and weakness of those diversity transmission schemes are discussed and simulation results are provided for the performance comparison. The best diversity transmission scheme among those schemes is derived from the discussions and simulation results. Finally, a text proposal is added to this document on the diversity transmission scheme in EUTRA downlink. 
2 Diversity transmission schemes
Diversity transmission schemes on non-consecutive sub-carriers considered in many contributions ([2] – [11]) can be classified into five structures as follows:
1) Structure 1 (TDMed diversity transmissions):
Basically one OFDM symbol is assigned to a packet transmission to maximize frequency diversity as shown in Figure 1, (a). Note that more than one OFDM symbols or part of sub-carriers in one OFDM symbol can be assigned to a packet transmission according to different situations, e.g., payload size and/or MCS level, etc.
2) Structure 2 (Chunk based distributed allocation without hopping):
A packet is transmitted on multiple distributed chunks as shown in figure 1, (b) where a chunk consists of a number of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. N=6 OFDM symbols are assumed in this document. The number of distributed chunks depends on the payload sizes. No hopping operation is assumed in this structure.
3) Structure 3 (Chunk based hopping over a group of diversity chunks):
A packet is transmitted on multiple chunks with chunk based hopping over a group of diversity chunks as shown in figure 1, (c). A group of diversity chunks is defined by the chunks used for diversity transmission which are assumed to be informed UEs by node B in an appropriate way. A hopping pattern is assumed to be shared between node B and UEs. 
4) Structure 4 (Chunk based hopping over the whole bandwidth):
A packet is transmitted on multiple chunks with chunk based hopping over the whole bandwidth as shown in figure 1, (d). A hopping pattern is assumed to be shared between node B and UEs.
5) Structure 5 (Sub-carrier based hopping over the whole bandwidth):
A packet is transmitted on a number of scattered sub-carriers in both time and frequency dimensions as shown in figure 1, (e). A hopping pattern is assumed to be shared between node B and UEs.
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Figure 1. Classification of diversity transmission schemes on non-consecutive sub-carriers
Table 1. Advantages and disadvantages of various diversity transmission schemes
	Diversity transmission scheme
	Advantages
	Disadvantages

	Structure 1
	Exploit full frequency diversity
	No time diversity for high speed UEs.
Channel estimation performance depends on OFDM symbol position assigned.

	Structure 2
	Use same chunk-based sub-channel structure for both localized and distributed transmission ( may NOT a critical issue
Full time diversity. 
	Frequency diversity gain depends on the payload size ( limited frequency diversity for a small payload.

	Structure 3
	Higher frequency diversity gain for small-size packet compared to ‘Structure 2’ when a large number of diversity chunks are defined. 
	Frequency diversity gain depends on the number of diversity chunks. Consequently, a number of diversity chunks are required to exploit frequency diversity, which leads to a limit on resource allocation, especially when only a little diversity transmission are required, e.g., only a few high-speed users in the system.
Chunk-based hopping pattern should be defined.

	Structure 4
	Full time-frequency diversity for a bit large payload.
	Less frequency diversity for small payload.
Chunk-based hopping pattern should be defined.

	Structure 5
	Full time-frequency diversity
	Need to have different resource allocation method (or channelization method) for localized and distributed transmission, i.e., define a chunk bandwidth for localized transmission and define a hopping pattern for sub-carrier based distributed transmission ( may NOT a critical issue.


Advantages and disadvantages of five structures for diversity transmission shown in Figure 1 are compared in Table 1.
3 Simulation Results
In this section, simulation results are presented and discussed for five structures for diversity transmission discussed in the previous section. Link level simulations with 10 MHz bandwidth were performed to compare the diversity performance difference of those schemes. Five set of simulations were performed with different chunk bandwidth, UE speed, payload size. In this evaluation, a TTI contains 7 OFDM symbols and only the first OFDM symbol out of these 7 contains pilot signals where a half of total 600 useful sub-carriers are used for the pilot signals. The remaining sub-carriers after the pilot signals in the first OFDM symbol are assumed not to be used for data transmission. Accordingly, 6 OFDM symbols from the second to the seventh are used for data transmission. For structure 1 and 5, a packet is transmitted over the entire bandwidth as much as possible when the payload size is small compared to the total 600 useful sub-carriers to maximize the frequency diversity. For structure 2 through 4, the entire bandwidth, 10 MHz is divided into 30 or 15 chunks (or sub-bands) and each chunk contains 20 or 40 sub-carriers, respectively. The bandwidth of one chunk is 300 kHz or 600 kHz, respectively (sub-carrier spacing of 15 KHz). It should be noted that the number of diversity chunks for structure 3 was assumed to be three times as many as the number of chunks used in the structure 2 which depends on the chunk bandwidth and payload size.
3.1 Simulation setup
The system parameter for link level simulation is shown in Table 2, which is based on the reference [12].
Table 2. System Parameters for Link Level Simulation
	Parameter
	Value

	Transmission bandwidth (Mhz)
	10

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	15.36

	IFFT size
	1024

	Number of used subcarriers
	600

	Number of CP samples
	74

	Number of OFDM symbols in a TTI
	7

	AMC level
	QPSK, R = 1/2 (Turbo)

	Channel model
	Vehicular A

	UE speed (km/h)
	30, 120, 300

	Pilot structure / overhead
	TDM pilot(1st symbol), 7.14%

	Channel estimation 
	Real estimation with inter-TTI linear interpolation



3.2 Simulation results
The performance of BLER with different chunk bandwidths, UE speeds, and payload sizes are shown in Figure 2 ~ Figure 6. 
Figure 2 shows the BLER performance for structure 1 to 5 with chunk bandwidth of 300 kHz and payload size of 600 bits. 
Figure 3 shows the BLER performance for structure 1 to 5 with chunk bandwidth of 300 kHz and payload size of 240 bits.

Figure 4 shows the BLER performance for structure 1 to 5 with chunk bandwidth of 300 kHz and payload size of 120 bits.

Figure 5 shows the BLER performance for structure 1 to 5 with chunk bandwidth of 600 kHz and payload size of 720 bits.

Figure 6 shows the BLER performance for structure 1 to 5 with chunk bandwidth of 600 kHz and payload size of 240 bits.
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(a) UE speed of 30 km/h 













(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 2. Simulation results of distributed transmission: chunk BW = 300 kHz, Payload size = 600 bits, channel model = Vehicular A
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(a) UE speed of 30 km/h 













(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 3. Simulation results of distributed transmission: chunk BW = 300 kHz, Payload size = 240 bits, channel model = Vehicular A
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(a) UE speed of 30 km/h 













(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 4. Simulation results of distributed transmission: chunk BW = 300 kHz, Payload size = 120 bits, channel model = Vehicular A
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(a) UE speed of 30 km/h 













(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 5. Simulation results of distributed transmission: chunk BW = 600 kHz, Payload size = 720 bits, channel model = Vehicular A
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(a) UE speed of 30 km/h 













(b) UE speed of 120 km/h
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(c) UE speed of 300 km/h

Figure 6. Simulation results of distributed transmission: chunk BW = 600 kHz, Payload size = 240 bits, channel model = Vehicular A
The followings are observed from the simulation results:
· ‘Structure 5’ always provides the best performance because it captures the most frequency and time diversity.

· ‘Structure 2’ provides the worst performance because it doesn’t occupy enough frequency chunks to obtain good frequency diversity. The performance of this structure degrades gradually as the payload size decreases. It was observed that the performance difference between ‘Structure 2’ and ‘Structure 5’ is about 7 dB in case chunk bandwidth is 300 kHz and payload size is 120 bits and 5 dB in case chunk bandwidth is 600 kHz and payload size is 240 bits.
· ‘Structure 3’ provides the second worst performance because it doesn’t occupy enough frequency chunks to obtain good frequency diversity. The performance of this structure degrades gradually as the payload size decreases. It was observed that the performance difference between ‘Structure 3’ and ‘Structure 5’ is about 3.5 dB in case chunk bandwidth is 300 kHz and payload size is 120 bits and 2.5 dB in case chunk bandwidth is 600 kHz and payload size is 240 bits. Note that the performance of ‘Structure 3’ largely depends on the number of chunk bandwidth because it determines the level of frequency diversity.
· The performance of ‘Structure 1’ is similar to that of ‘Structure 5’ in low Doppler cases. However, as the UE speed increases, the performance of ‘Structure 1’ degrades gradually because time diversity at high speeds is not captured. We observed that the performance difference between ‘Structure 1’ and ‘Structure 5’ is about 0.7 dB in 300 km/h case. It should be noted that in our simulation, the very next OFDM symbol to the first one that contains pilot signal was selected for the data transmission of ‘Structure 1’, which leads to the best performance in terms of channel estimation accuracy. Accordingly, the performance difference between ‘Structure 1’ and ‘Structure 5’ would be larger if the other OFDM symbol positions are used for data transmission of ‘Structure 1’.
· ‘Structure 4’ provides a BLER performance comparable to ‘Structure 5’ in case of a large payload size such as 720 bits. However, the performance of ‘Structure 4’ degrades gradually compared to that of ‘Structure 5’ as payload size decreases. It was observed that the performance difference between ‘Structure 4’ and ‘Structure 5’ is about 1.2 dB in case chunk bandwidth is 300 kHz and payload size is 120 bits and about 0.8 dB in case chunk bandwidth is 600 kHz and payload size is 240 bits. 
· ‘Structure 3’ provides the second worst performance because it doesn’t occupy enough frequency chunks to obtain good frequency diversity. The performance of this structure degrades gradually as the payload size decreases. It was observed that the performance difference between ‘Structure 1’ and ‘Structure 5’ is about 7 dB in case chunk bandwidth is 300 kHz and payload size is 120 bits and 5 dB in case chunk bandwidth is 600 kHz and payload size is 240 bits.
4 Conclusion

In this document, we discussed the diversity transmission scheme which is to be supported in EUTRA downlink. 
We classified various diversity transmission schemes proposed by a number of companies into five structures. Advantages and disadvantages of those five structures were discussed. Link level simulation results with 10 MHz bandwidth were provided and discussed in terms of diversity performance difference of those structures. 

Based on discussions and simulation results, a diversity transmission scheme which can capture the most frequency and time diversity within a TTI is highly recommended for EUTRA downlink.
We propose to adopt the text proposal described in the next section for inclusion of the above mentioned principles into the downlink multiplexing section of TR 25.814.
5 Text Proposal (Section 7.1.1.2.1 in TR 25.814) 
-------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
7.1.1.2.1 Downlink data multiplexing
Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

In addition to block-wise transmission, diversity transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize time-frequency diversity, which may consist of one or multiple diversity transmission unit(s). A diversity transmission unit is a set of sub-carriers, which are uniformly scattered over the whole occupied sub-carriers and all OFDM symbols within a sub-frame.
The frequency and time allocations to map information for a certain UE to resource blocks or diversity transmission units is determined by the Node B scheduler and may e.g. depend on the CQI (channel-quality indication) reported by the UE to the Node B. The CQI may be frequency-selective in case of block-wise transmission, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks for block-wise transmission) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 


Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
---------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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