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1 Introduction

In LTE TR25.814 [1], it is presented that “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.” Numbers of TDocs [2, 3] show that frequency diversity is a good choice to improve the link quality. In the same time, multiuser diversity is also a good choice to raise the link performance too. In order to make use of the frequency and time diversity, allocation of subcarriers in frequency and time domain to form the basic transmission pattern seems important. In this document, we present some simulation results to help us to determine some important parameters. Based on the simulation results, we also present a practical scheme for resource allocation in LTE downlink. In our method, complete localised or complete distributed or combined both two above allocation pattern are adopted in one subframe. The benefits of the design lie in the following aspects: 1. It can adapt all kinds of different wireless channels; 2. It can make full use of frequency diversity and multiuser gain; 3. Each basic pattern, whether localised or distributed, has the same number of subcarriers; 4. The number and position of subcarriers in distributed pattern will not be impacted by that in localised pattern and vice versa; 5. Scalable for different BW cases, e.g. the same structures are used in all BW cases; 6. Finally, since distributed patterns are considered based on RS (Reed-Solomon) series, it is helpful not only in frequency diversity but in interference mitigation especially on the cell border [4]. 
2 Common Simulation Parameters

Table 1 lists our common simulation parameters. Some special parameters for different purposes will be explained in each situation.

	Parameter
	Value

	Subframe duration (ms)
	0.5

	OFDM sample rate (Msamples/s)
	15.36

	FFT (BW)
	1024 (10M)

	Useful subcarriers per OFDM symbol (including DC)
	601

	Transmission bandwidth (MHz)
	9.015

	OFDM symbol duration ((s)
	66.67

	CP duration ((s/ samples)
	(4.69/72) ( 6,

(5.21/80) ( 1

	Subcarrier separation (kHz)
	15

	OFDM symbols per subframe
	7

	Carrier frequency (GHz)
	2

	Code and Modulation
	Turbo 1/2, QPSK

	Interleave
	Same one as specified in 3GPP

	Channel Type (Velocity)
	TU (300, 120, 30km/h) & PA (3km/h)

	Pilot position
	Second OFDM symbol in each subframe and modulated in every two subcarriers

	Channel Estimation
	Linear interpolation both in frequency and time domain (frequency first)

	Feedback Delay
	1, 3, 6 (subfrrame)

	Antenna Number
	1Tx, 1Rx


Table 1 Common simulation Parameters

3 Basic Pattern size in Frequency Domain

There are many factors to affect the basic pattern size in frequency domain, such as frequency diversity, the number of users that share the same BW, all the feedback overheads etc. If we consider the scalable for all kinds of BW cases and integrate all the factors, 25 or 37 subcarriers per basic pattern in frequency domain maybe relatively good choices [5,6]. Here are some simulation results compared between these two cases. 

Figure 1 to figure 4 show the comparison of link performance using 25 and 37 subcarriers per basic pattern. In the figures, the legend “TU-30km/h-25-2DP” for example, means that the simulation channel is TU, the velocity is 30km/h, it adopts distributed allocation and 25-2DP refers to each subpattern occupies 25 subcarriers and 2 distributed patterns is used. We also point out that “L” in some legends means localised allocation method and “PA” means PA channel (here one pattern, whether distributed and localised, consists of 6 subpatterns, each subpattern in one OFDM symbol [4]). It is noted that when we use localised allocation method, we need feedback somewhat channel information from UE to node-B and the delay time is the duration of 3 subframes.

[image: image18.png]BLER

10

10

Delay 1 subfiame
Delay 3 subframes
Delay 6 subframes
Distributed

10 11




[image: image2.wmf] 


Figure 1 Distributed (Payload 
[image: image3.wmf]»

 450bits)                    Figure 2 Localised (Payload 
[image: image4.wmf]»

 450bits)

[image: image5.png]BLER

"~ TU-30km/h-25-60P
7 ~e- TU-30km/h-37-4DP
—+ TU-120km/h-25-6DP
—+ TU-120km/h-37-4DP
wves PA3KmIT-25-5DP
PA3km/h-37-4DP

12
SNR(dE)

13 14 15

16




[image: image6.wmf] 


Figure 3 Distributed (Payload 
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From the simulation results above, we can find that in TU channel, whether the speed is low (30km/h) or relative high (120km/h), whether distributed or localised allocation is used and whether the payload is light or heavy, the performance of 25 subcarriers in one subpattern is always better than that of 37 subcarriers. We also find that in PA channel, the performance gain of 25 subcarriers compared with 37 subcarriers in one subpattern almost disappears. Anyway, frome the simulation above, we can say that it is a more proper design that there are 25 subcarriers in one basic pattern in frequency domain. It is noted that the following simulations are all based on this assumption.
4 Different Channel Type, Different Allocation Type

In this chapter, we show that distributed and localised allocation methods are proper to different channel types, that is to say, we can not expect one allocation method to adapt all kinds of different wireless channel types and we must properly combine these two kinds of allocation methods to obtain both of their advantages.
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Figure 5 Comparison between Distributed and Localised (Payload = 225bits)

The explanation of the legend is the same as in chapter 3. It is also noted that when we use localised allocation method, we need feedback somewhat channel information from UE to node-B and the delay time is the duration of 3 subframe.

From the figure 5, we can find that in TU channel, when the velocity is low, localised method is better than distributed (about 1.5dB). This fact shows that in low speed, the multiuser gain is more significant than Frequency diversity gain. However, when the speed increases, the performance of distributed method do not change much while the performance of localised method gets worse obviously (lower than distributed about 1-2dB). 

In PA channel (3km/h), the gap between distributed and localised method is more than 4dB. This is because in this channel, there is little frequency diversity and since the velocity is low, it is more proper to use localise allocation method to get multiuser gain.

5 Feedback Delay vs Localised method

As we know, in order to make full use of localised allocation method, UE must measure the downlink channel and feedback some information to Node-B, so the feedback delay is a very important parameter especially in high speed situation. Figure 6 and figure 7 show the different performances with different feedback delay in different wireless channel types.
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Figure 6 TU-30km/h (Payload = 225bits)                                  Figure 7 PA-3km/h (Payload = 225bits)

From the simulation above, we see that in TU-30km/h channel type, the maximum feedback delay should be controlled within 3 subframes, while in PA-3km/h channel type, the feedback delay can be longer. So in order to adapt as many as different channel types and support relative high speed, we suggest that when localised allocation method is used, the feedback delay should be within 3 subframes.

6 TDM vs FDM

From the simulation results above, we find that we should use different resource allocation methods in different wireless channels, namely, in low speed and small delay spread environment, localised allocation is a proper approach while in high speed and large delay spread environment, distributed allocation is a good choice. So if there are both localised and distributed allocation in a subframe, how to assign them? TDM or FDM? Here we still give some simulation results to answer this question.

Assume that the form of FDM is illustrated in figure 8. In this example, we allocate 5M (left), 2.5M (middle) and 1.25M (right) out of 10M as distributed allocation area. In TDM case, we assume 3 OFDM symbols in both distributed and localised allocation areas. 

Figure 9 shows the performance comparison between TDM and FDM. The channel Type is PA. Our simulation is focus on the localised method since whether TDM or FDM, frequency diversity gain, which distributed allocation method, can bring is almost same.


[image: image11.emf]25 subcarriers

subframe i

Distributed resource

Localized resource

24 resource units


Figure 8 Multiplexed in FDM
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Figure 9 Comparison between TDM and FDM (PA, Payload = 450bits)

From figure 9, we can see that TDM performance is better than FDM in PA channel. This is because with TDM, we can select some proper basic patterns in the whole BW, while with FDM, we can only select some proper basic patterns on part of the whole BW. From this point of view, we suggest that we adopt TDM as the multiplexing method in one subframe.

7 Distributed vs Time Diversity

As we mentioned above, the proper minimum size in frequency domain is 25 subcarriers in localised allocation method, and it note that if we use both distributed and localised allocation method in one subframe, we prefer to TDM, here, a natural question is raised. If we use TDM method (thus only 3 OFDM symbols in one basic pattern, not 6 OFDM symbols as in FDM), how will the performance change? We know that localised allocation method is mainly used in low speed situation, in which time diversity game is low; while distributed method is mainly used in high speed environment, in which time diversity is obvious. Based on above assumption, we will give some simulation results involved in high speed and distributed allocation method is adopted. We compare the link performance between two cases, 3 OFDM symbols and 6 OFDM symbols.
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Figure 10 3 OFDMs (Payload = 75bits) vs 6 OFDMs (Payload = 150bits)

The figure 10 shows that when the speed is up to 120km/h, there is almost no difference between 3 OFDMs and 6 OFDMs. Considering small basic data packet, no performance loses and the advantage of TDM mentioned in chapter 7, we suggest there be 3 OFDM symbols in one basic pattern instead of 6 OFDM symbols.

8 One Resource Allocation Scheme

We can obtain a conclusion from above chapter that resource allocation should adapted channel type, that is to say, when the channel is changed, the corresponding resource allocation method shoulder also changed especially when the velocity is changed. Here we present one resource allocation scheme that fully satisfies the above requirement and, this approach has a lot of other benefits, for example, It can make full use of frequency diversity and multiuser gain; Each basic pattern, whether localised or distributed, has the same number of subcarriers; The number and position of subcarriers in distributed pattern will not be impacted by that in localised pattern and vice versa;  Scalable for different BW cases, that is to say the same structure are used in all BW cases and it is helpful not only in frequency diversity but in interference mitigation especially on the cell border

The subframe is divided into some basic allocation patterns.The basic allocation pattern contains the same number of subcarriers for any supported bandwidth. Each basic pattern occupies some OFDM symbols in one subframe, but in each symbol, only a part of subcarriers belong to the basic pattern. These occupied subcarriers in one OFDM symbol form a subpattern. Thus one basic pattern includes several subpatterns. When the occupied subcarriers are consecutive, this method is called localised allocation method; while when the occupied subcarriers are distributed, the corresponding method is called distributed allocation method. 

One example can be adopted as the Figure 10 in which two basic patterns in one subframe. Localised basic pattern occupies the first 3 OFDM symbols (except one reference symbol) and in each OFDM symbol 25 consecutive subcarriers belong to it; Distributed basic pattern occupies the last 3 symbols and in each symbol 25 discrete subcarriers belong to it based on RS series (see ****). See figure 10.

It is noted that in one subframe, there maybe only distributed basic pattern or only localised basic pattern. In these two cases, one basic pattern still contains 3 consecutive OFDM symbols in time domain and 25 subcarriers in frequency domain. See figure 11.

The main difference among different cells lies in the adoption of different series. However, each series corresponding to each cell (denoted as derived series) is derived from the same basic series. The derived serieses can be obtained by simply adding the cell ID to the basic series (maybe need module operation).
It is noted that the minimum allocation resource is the basic pattern. Some basic patterns can be concatenated to be allocated to one UE.
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Figure 10 Distributed and localised allocations combined in one subframe
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Figure11 Distributed and localised allocations in different subframes

9 Conclusions

In this document, we present one method to allocate resource (both in frequency and time domain) to UEs.This method is very simple and consistent among all BW cases. The benefits of these methods are balancing many inconsistent factors (such as frequency diversity vs multiuser diversity, diversity vs feedback overhead etc.) and can adapt to as many as different wireless channel types.

10 Text Proposal (Section 7.1.1.2.1 in TR 25.814)
---------------------------------------------------------Start of Text Proposal--------------------------------------------------

7.1.1.2.1
Downlink data multiplexing

A proper method to allocate the frequency and time resources to form an allocation pattern maybe need comply with the following principles:

· Be Orthogonal in the same cell (or sector) and be easy to implement interference mitigation between adjacent cells to improve the capacity and coverage;
· Make full use of frequency and time diversity;
· Trade-off between frequency diversity (distributed) and multiuser diversity (consecutive);

· Trade –off between time diversity and delay;

· Require as small as possible of overhead about  measurements when it is necessary;

· Scalable for different BW cases, that is to say, the same structure is used in all BW cases (only some parameters are different);

· Be beneficial to reception of MBMS messages.

The subframe is divided into some basic allocation patterns. The basic allocation pattern contains the same number of subcarriers for any supported bandwidth. Each basic pattern occupies some OFDM symbols in one subframe, but in each symbol, only a part of subcarriers belong to the basic pattern. These occupied subcarriers in one OFDM symbol form a subpattern. Thus one basic pattern includes several subpatterns. When the occupied subcarriers are consecutive, this method is called localised allocation method; while when the occupied subcarriers are distributed, the corresponding method is called distributed allocation method. 

One example can be adopted as the Figure 7.1.1.2.1-1 in which two basic patterns in one subframe. Localised basic pattern occupies the first 3 OFDM symbols (except one reference symbol) and in each OFDM symbol 25 consecutive subcarriers belong to it; Distributed basic pattern occupies the last 3 symbols and in each symbol 25 discrete subcarriers belong to it based on RS series (see Table 7.1.1.2.1-1). 

It is noted that in one subframe, there maybe only distributed basic pattern or only localised basic pattern. In these two cases, one basic pattern still contains 3 consecutive OFDM symbols in time domain and 25 subcarriers in frequency domain. See figure 7.1.1.2.1-1.

The main difference among different cells lies in the ado

ption of different series. However, each series corresponding to each cell (denoted as derived series) is derived from the same basic series. The derived serieses can be obtained by simply adding the cell ID to the basic series (maybe need module operation).
It is noted that the minimum allocation resource is the basic pattern. Some basic patterns can be concatenated to be allocated to one UE.


[image: image16.wmf].

.

.

.

.

.

.

.

.

.

.

.

.

.

subframe length

reference signal

shared control signal

.

.

.

.

G

r

o

u

p

 

0

G

r

o

u

p

 

1

subpattern 0   (9,1,3,4,...,11,2,  9,1,...,11,2,  9

)

*

subpattern 1   (1,3,4,10,...,2,9,  1,3,...,2,9,  1)*

subpattern 2   (

3

,

4

,

10

,

7

,...,9,1,  3,4...,9,

1

,  

3

)*

subpattern 3   (4,10,7,0,...,1,3,  4,10,...,1,3  4)*

subpattern 11  (2,9,1,3,...,5,11,  2,9,...,5,11,  2)*

.

.

.

.

basic pattern-D 0

for UE

basic pattern-D 1

for UE

* The series is formed by repeating the

basic series [9,1,3,4,10,7,0,8,6,5,11,2]

shown in Table4. It is used to form the

subpattern.

basic pattern-D 11

for UE

G

r

o

u

p

 

2

G

r

o

u

p

 

3

G

r

o

u

p

 

2

3

G

r

o

u

p

 

2

4

subcarrier 3

subcarrier 4

subcarrier 10

subcarrier 7

subcarrier 1

subcarrier 3

Localized

Area

Distributed

Area

25 subcarriers

basic

pattern-L 0

for UE

basic

pattern-L 1

for UE

basic

pattern-L 11

for UE


Figure 7.1.1.2.1-1 Distributed and localised allocations combined in one subframe
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Figure 7.1.1.2.1-2 Distributed and localised allocations in different subframes
The basic series for all BW cases are given in7.1.1.2.1-1.

Table 7.1.1.2.1-1 Basic serieses for all BW cases (Example2-25 subcarriers per subpattern)
	BW

(MHz)
	Nused subcarriers
(Excluding DC)
	Number of subcarriers per subpattern
	Nsubpattern
	Basic series

	1.25
	75
	25
	3
	0,2,1

	2.5
	150
	25
	6
	0, 2, 4, 5, 3, 1

	5
	300
	25
	12
	9, 1,3, 4, 10, 7, 0, 8, 6, 5, 11, 2

	10
	600
	25
	24
	14, 15, 7, 20, 8, 12, 21, 18, 1, 4, 3, 11, 6, 13, 5, 0, 17, 9, 23, 2, 19, 16, 22, 10

	15
	900
	25
	36
	27, 22, 32, 12, 15, 9, 21, 34, 8, 23, 30, 16, 7, 25, 26, 24, 28, 20, 36, 4, 31, 14, 11, 17, 5, 29, 18, 3, 33, 10, 19, 1, 0, 2, 35, 6

	20
	1200
	25
	48
	42, 45, 36, 7, 29, 13, 19, 2, 9, 10, 20, 31, 34, 33, 15, 41, 27, 32, 4, 37, 24, 40, 16, 11, 38, 35, 44, 25, 3, 26, 14, 30, 23, 22, 12, 1, 46, 6, 18, 39, 5, 0, 28, 43, 8, 47, 17, 21
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* The series is formed by repeating the basic series [9,1,3,4,10,7,0,8,6,5,11,2] shown in Table4. It is used to form the subpattern. �
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subframe length�

reference signal�

shared control signal�

.�

.�

.�

.�

Group 0�

Group 1�

�

�

�

�

�

�

.�

subpattern 0   (9,1,3,4,...,11,2,  9,1,...,11,2,  9)*�

subpattern 1   (1,3,4,10,...,2,9,  1,3,...,2,9,  1)*�

subpattern 2   (3,4,10,7,...,9,1,  3,4...,9,1,  3)*�

subpattern 3   (4,10,7,0,...,1,3,  4,10,...,1,3  4)*�

subpattern 11  (2,9,1,3,...,5,11,  2,9,...,5,11,  2)*�

.�

basic pattern-D 0 for UE�

basic pattern-D 1 for UE�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

* The series is formed by repeating the basic series [9,1,3,4,10,7,0,8,6,5,11,2] shown in Table4. It is used to form the subpattern. �

basic pattern-D 11 for UE�

�

subcarrier 3�

�

�

subcarrier 1�

�

Group 2�

Group 3�

Group 23�

Group 24�

subcarrier 4�

subcarrier 10�

�

subcarrier 7�

�

subcarrier 3�

Localized Area�

Distributed Area�

25 subcarriers�

basic pattern-L 0 for UE�

basic pattern-L 1 for UE�

basic pattern-L 11 for UE�

�

�

�


