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1 Introduction

In the RAN1 Ad Hoc meeting on LTE, downlink data multiplexing with time/frequency-domain channel-dependent scheduling in block-wise transmission was agreed for inclusion in the RAN1 TR25.814 [1]. And in the same TR, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity. Therefore, it is important to design a flexible method to multiplex scheduled and non-consecutive (scattered) channels in the LTE cellular communication system.
In this contribution, a hybrid method for multiplexing localized and distributed channels which can flexibly allocate time-frequency (TF) resource to users and obtain better frequency diversity, is presented and simulated.

2 Multiplexing Scheme of localized and distributed channels
2.1 Basic multiplexing scheme
In this proposed scheme, useful sub-carriers in each TTI are divided into some sub-bands and a group of TF patterns is assigned for one TTI. Node B selects sub-bands and TF patterns from that group to transmit data to each UE. The TF resources assigned for different UE never overlap. Each TF pattern in one TTI can be shared by different UEs.

In order to clearly denote what TF resources are allocated to each UE, two labels are defined in this contribution. The first is the allocated sub-band, which is the minimum scheduled sub-carrier set; the second is the allocated time-frequency (TF) pattern, which belongs to the cell-specific TF pattern group. 
Figure 1 gives an example of TF resource allocation with the 5MHz bandwidth mode in which the common parameter refers from TR25.814 [1]. In this example, a TTI contains 7 symbols, the entire bandwidth is divided into 15 sub-bands, and each sub-band contains 20 sub-carriers. The sub-carrier spacing is 15 KHz and the bandwidth of one sub-band is 300 KHz.

In this paper we have used the set of 7 frequency hopping patterns
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, (j = 0, 1, 2… 6). The first pattern in the set,
[image: image2.wmf]0

TFP

, is created by the repetition of the sequence  {0, 2, 1, 5, 3, 4, 6} in the frequency domain with period 7, so that it covers all 15 available sub-bands. All other 6 hopping patterns
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, (j = 1, 2… 6), are obtained by the cyclic time shift of
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Node B and higher controllers allocate TF patterns and sub-bands to UEs based on different propagation conditions of each UE and each UE uses the allocated TF patterns at the allocated sub-bands with no overlapping.
In this scheme, multi-user diversity for low-speed users and frequency diversity for high-speed users can be obtained in one cellular communication system. Furthermore, this scheme allows for an efficient way to classify the allocation of TF resources to different UEs and to signal them to the UEs. 
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Figure 1 TF resource allocation example for 5MHz bandwidth mode with 15 sub-bands
2.2 Resource identifier signalling
Based on the two labels mentioned above, the information bits to inform each UE to use what TF resource include two parts: TF pattern identifier bits and sub-bands identifier bits.

Let 
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 be a TF pattern identifier, where “j” is the ordinal number of the identifier in the set of all pattern identifiers. The TF pattern identifier bits are mapped in the following manner: for P TF patterns starting at offset O the following patterns are allocated:
 
[image: image7.wmf]1

,

,

-

+

P

O

O

TFP

TFP

K


The number of TF patterns and the corresponding offset information for share data channel is transmitted by means of share control channel. The TF pattern identifier uses 6 bits
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, in which 3 bits for parameter O and 3 bits for parameter P.
Furthermore, when except the TF patterns allocated for distributed channel in one sub-band, others are allocated for one scheduled user; this scheme can be achieved by broadcasting the number of TF patterns allocated for distributed channels. That is, in order to decrease transmission controlling signaling, some common information can be transmitted once to all the users in advance.
The sub-band identifier bits are FFS.
3 Link Level Simulation of Distributed Channel Examples
3.1 Different examples utilizing proposed scheme
The intention of the evaluation is to compare the frequency diversity performance difference of these 4 examples. Based on the proposed scheme, there are 4 DL multiplexing examples evaluated in this contribution by link level simulations with 10MHz bandwidth mode as shown in Figure 2. In Example A, frequency distributed channels can use any TF resource with frequency hopping at entire bandwidth; In Example B, only every other sub-band of time-frequency resource can be used with frequency hopping for distributed channels; In Example C, every third sub-band of time-frequency resource can be used with frequency hopping for distributed channels; And the fourth is Example D, where frequency diversity is employed by TDM with one OFDM symbol at the entire bandwidth in one TTI. In Example B and C, the regular spacing of the localized channels is just an example, and the multiplexing scheme would work under other configurations too.
In this evaluation of the 4 examples, the information bit rate is 576/0.0005=1.152Mbps. For QPSK modulation, one user's coded bit number is 2*(30*20) = 1200 bits, and the coded bit rate is thus 1200/0.0005 = 2.4Mbps.
In this evaluation, a TTI contains 7 symbols, the entire bandwidth is divided into 30 sub-bands, and each sub-band contains 20 sub-carriers. The sub-carrier spacing is 15 KHz and the bandwidth of one sub-band is 300 KHz. Example A, B and C employ the same TF pattern TFP0, which is created by frequency hopping sequence {0, 2, 1, 5, 3, 4, 6} and its periodic extension in frequency domain over the whole band with period equal to the length of the sequence. And Example D employs the first OFDM symbol at entire bandwidth as a TF pattern. 
In order to keep the same data rate as Example A, the TF patterns allocated for distributed channel in Example B or C repeat one or two OFDM symbols in time domain. That is, in Example B UE uses TFP0 and TFP1 at every other sub-band as distributed sub-bands, and in Example C UE uses TFP0, TFP1 and TFP2 at every third sub-band as distributed sub-bands as shown in Figure 2. And in this evaluation, only single user is considered. 
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(a) Example A








(b) Example B
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(c) Example C








(d) Example D
Figure 2 Frequency Hopping Pattern with 10MHz, 
(a) Example A - entire bandwidth is occupied for frequency-distributed channels with frequency hopping; 
(b) Example B - 1/2 (15/30) resources (every other sub-band) is reserved for frequency-distributed channels with frequency hopping;
 (c) Example C - 1/3 (10/30) resources (every third sub-band) is reserved for frequency-distributed channels with frequency hopping; 
(d) Example D - entire bandwidth is occupied for frequency-distributed channels at the first OFDM symbol with TDM inside one TTI
3.2 System parameters
The system parameter for link level simulation is shown in Table 1, which is based on the reference [1].
Table 1 System Parameters for Link Level Simulation with 10MHz mode
	Parameters
	Values

	Propagation condition
	PA3, VA30, VA120, 
TU3, TU30, TU120, TU300

	Transmission Bandwidth
	10MHz

	TTI duration 
	0.5 ms

	FFT size
	1024

	OFDM sampling rate
	15.36MHz

	CP Length (us/samples)
	(4.75/73) ( 6, (4.82/74) ( 1

	Sub-carrier spacing
	15 kHz

	Number of OFDM symbols per TTI
	7

	Total OFDM symbol duration (us/samples)
	(71.42/1097) ( 6, (71.49/1098) ( 1

	Number of useful sub-carriers per OFDM symbol
	601(including DC)

	Useful sub-carrier Index range
	-300~ 300

	Unused sub-carrier num – up end
	211

	Unused sub-carrier num – low end
	212

	Whether DC sub-carrier transmit data
	No

	Number of frequency sub-bands
	30

	Number of sub-carriers per sub-band
	20

	OFDM bandwidth
	9.015 MHz

	Transport block size
	576

	CRC length
	24

	Coding rate
	1/2

	Coded transport block size
	1200

	Interleaver size for coded block
	40*30

	Modulation
	QPSK

	Number of turbo decoding iterations
	8

	Percent of TF resource/power for pilot
	0/0

	Percent of TF resource/power for signaling 
	0/0

	Percent of TF resource/power to for traffic
	100/100

	Synchronization
	Perfect

	Channel estimation (CE)
	Perfect

	Simulation Exit Mask (PA, VA, TU channels)
	1000 error blocks or 20,000 blocks


3.3 Link level simulation results
The performance of BLER with 10MHz bandwidth mode in PA3, VA30, VA120, TU3, TU30, TU120, and TU300 channels are shown in Figure 3 ~ Figure 9. 
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Figure 3 Simulation Results of 10MHz Mode with PA3 Channel
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Figure 4 Simulation Results of 10MHz Mode with VA30 Channel
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Figure 5 Simulation Results of 10MHz Mode with VA120 Channel
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Figure 6 Simulation Results of 10MHz Mode with TU3 Channel
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Figure 7 Simulation Results of 10MHz Mode with TU30 Channel
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Figure 8 Simulation Results of 10MHz Mode with TU120 Channel
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Figure 9 Simulation Results of 10MHz Mode with TU300 Channel
The simulation results show that in a less frequency selective channel such as PA channel, all the schemes have almost the same performance, and in most cases of more frequency selective channels such as VA or TU channels, Example C has the worst performance of all the schemes because it doesn’t occupy enough frequency sub-bands to obtain good frequency diversity. And as the UE moving speed increases, the performance of Example D degrades gradually because time diversity at high speeds is not captured.
4 Conclusion
The key point of this multiplexing scheme is each UE uses the allocated TF patterns at the allocated sub-bands as non-overlapped TF resources which are allocated from Node B all together. 
This scheme can be achieved by the different examples in Section 3, and these examples have different performances in propagation conditions. If every other sub-band is reserved for frequency-distributed channels with hopping, there is practically no performance deterioration compared to the ideal case when the entire bandwidth can be used for hopping.
5 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. Useful sub-carriers in each TTI are divided into some sub-bands and a group of TF patterns is assigned for one TTI. Node B selects sub-bands and TF patterns from that group to transmit data to each UE. The TF resources assigned for different UE never overlap. Each TF pattern in one TTI can be shared by different UEs. The TF resources allocated for one UE can be confirmed by two labels, one is the TF pattern identifier, and the other is the sub-band identifier.
--------8<----------------------8<------------------End of text proposal------8<----------------------8<--------------
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