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1 Introduction

According to current TR of [1], both Localized and Distributed transmissions are to be supported in EUTRA Downlink. In recent RAN1 meetings, various distributed transmission schemes were proposed and some simulation results were provided to show the comparison on performance [2]-[5]. Two Schemes are attractive and discussed heatedly; they are so called sub-carrier based frequency hopping [3] [6] and chunk-based frequency hopping [3] [4]. In this contribution, a frequency hopping scheme [7] named chunk/sub-chunk frequency hopping which is chunk-based for the case of large payload size and sub-chunk based for the case of small payload size is elaborated. The detailed simulation design of chunk/sub-chunk based hopping scheme as well as evenly distributed sub-carrier based hopping scheme will be shown, with simulation results follow. Based on the simulation results, key points of design to get full frequency diversity will be concluded, and a DL multiplexing scheme is recommended.
2 Distributed Transmission Schemes
1) Scheme A:    Chunk/sub-chunk based Frequency Hopping
Please refer to Figure 1(b), when UE payload is large enough, it occupies one or more than one TFPs. A TFP (time-frequency pattern) is a set of designed hopping blocks, which covers the entire bandwidth in the duration of a TTI.

When UE payload is small, it occupies part of the TFP, as shown in Figure 1(a), some consecutive sub-carriers, a sub-chunk, in each hopping blocks are used.  
In the example figures, the case of 10MHz bandwidth is illustrated, with chunk size of 20 sub-carriers. When payload is 600 bits, the entire resource of TFP0 is occupied (Figure 1(b)), while payload is 240 bits, 8 sub-carriers (a sub-chunk) from every hopping block of TFP0 are occupied.
The first symbol is reserved for pilot or control channel, but it may not be always necessary.  
2) Scheme B: Sub-carrier based Frequency Hopping

This scheme aims to distributed the time-frequency resource occupied by a UE as evenly as possible in both time and frequency domains. 
Please refer to Figure 2. Again, the bandwidth in the examples is 10MHz.
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(a) (b)
Figure 1 Examples of Chunk/sub-chunk based Frequency Hopping Scheme, with 20 sub-carriers per chunk (a) A UE with small payload size occupies 240 bits. 8 sub-carriers (a sub-chunk) from every hopping block of TFP0 are occupied. (b) A UE with large payload size occupies 600 bits. The entire hopping blocks of TFP0 are occupied.
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(a)                                            (b)
Figure 2. Examples of Sub-carrier based Frequency Hopping Scheme (a) A UE with small payload size occupies 240 bits. (b) A UE with large payload size occupies 600 bits.

3 Link Level Simulation Results

In this section, simulations on the two different frequency hopping schemes are presented and discussed. Link level simulations with 10MHz bandwidth were carried out with different UE speed and various payload sizes. The designs for different payload sizes are shown in Figure 1 and Figure 2, in which Figure 1 (a) and Figure 2 (a) are illustrations for 240-bit case, Figure 1(b) and Figure 2(b) is for 600-bit case.
3.1 System Parameters

Table 1 System Parameters 

	Parameters
	Values

	Transmission Bandwidth
	10MHz

	TTI duration 
	0.5 ms

	FFT size
	1024

	OFDM sampling rate
	15.36MHz

	CP Length (us/samples)
	(4.69/72) ( 6, (5.21/80) ( 1

	Sub-carrier spacing
	15 kHz

	Number of OFDM symbols per TTI
	7

	Number of OFDM symbols used for traffic data per TTI
	6 (the 1st symbol is reserved)

	Total OFDM symbol duration (us/samples)
	(71.35/1096) ( 6, (71.88/1104) ( 1

	Number of used sub-carriers 
	600

	Number of chunks
	30

	Number of sub-carriers per chunk
	20

	OFDM bandwidth
	9.015 MHz

	Transport block size (bits)
	216, 576

	CRC length (bits)
	24

	Payload size (bits)
	240, 600

	Coding rate
	1/2

	Coded transport block size (bits)
	480, 1200

	Modulation
	QPSK

	Number of turbo decoding iterations
	8

	Synchronization
	Perfect

	Channel estimation (CE)
	Perfect

	Channel Model
	Vehicular A

	UE Speed (km/h)
	30, 120，300


3.2 Simulation Results

           The performance of BLER compared to Eb/N0 of Scheme A (Chunk/sub-chunk based Frequency Hopping) and Scheme B (Sub-carrier based Frequency Hopping) are shown in Figure 3, Figure 4, and Figure 5 with different UE speeds and various payload sizes.
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(a)                                                                         (b)

Figure 3. Simulation results of distributed transmission schemes with UE speed of 30 km/h (a) with payload size of 240 bits. (a) with payload size of 600 bits.
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Figure 4. Simulation results of distributed transmission schemes with UE speed of 120 km/h (a) with payload size of 240 bits. (a) with payload size of 600 bits.
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Figure 5. Simulation results of distributed transmission schemes with UE speed of 300 km/h (a) with payload size of 240 bits. (a) with payload size of 600 bits.
3.3 Discussion
From all the above results, it is clear that the two hopping schemes have little difference in performance, and the similarity in performance of the two hopping methods is consistent in different conditions, such as UE payload size and UE speed.
The above simulation as well as simulation presented in [2] proves that no additional frequency diversity gain can be obtained by distributed sub-carriers within a chunk with certain width. The chunk with certain width is close to a coherence band, within which sub-carriers are similar to each other and provides almost no diversity gain.
4 DL Multiplexing Scheme
Based on the simulation results above, a downlink multiplexing scheme [7] is presented as follows. The time-frequency resource within a TTI is divided into a series of orthogonal TFPs, and every TFP is assigned an index. Please refer to [7] for the concept of TFP design. 
For hopping users, assigned TFP indexes are needed; in addition, it is also necessary to inform that which part of TFP is assigned for the case of small payload size. Scheduled users occupy assigned TFPs within assigned chunks. So both indexes for assigned TFP and assigned chunks are to be informed. As shown in Figure 6, scheduled users and hopping users are multiplexed within the same TTI.
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Figure 6.  Multiplexing of hopping users and scheduled users
5 Conclusion
In this contribution, two distributed transmission schemes, sub-carrier based hopping scheme and a scheme based on TFP design (chunk/sub-chunk based frequency hopping scheme) are described in detail and compared by simulation. It was concluded from the simulation results that additional frequency diversity gain can hardly be obtained by performing evenly distributed sub-carriers based hopping [3, 6]. And one DL multiplexing scheme based on TFP design is recommended.
6 Text proposal
Here follows the text proposal for inclusion of the above mentioned principles into the downlink multiplexing section of TR 25.814.

--------8<----------------------8<---------------Start of text proposal--------8<----------------------8<--------------
7.1.1.2.1
Downlink data multiplexing
In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity. Block-wise transmission and diversity transmission can be multiplexed in one sub-frame. Time-frequency resources for both diversity transmission and block wise transmission can be denoted by time-frequency pattern identifiers.
--------8<----------------------8<------------------End of text proposal------8<----------------------8<--------------
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