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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.” A lot 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. 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 vital. In this document, we present two methods to implement the resource allocation for LTE downlink. In each method, frequency diversity is considered based on RS (Reed-Solomon) series, which has good characteristics to help frequency diversity and interference mitigation and benefit to minimize the number of collision points in adjacent cells especially on the cell border [4]. In method two, we combined allocation of consecutive subcarriers with allocation of distributed ones in the same subframe, thus we can get both frequency and multiuser diversity gain.
2 Pattern Design Principles
Allocation of some subcarriers in frequency and time domain is a necessary step in wide band transmission systems. 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 divercity (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 are used in all BW cases (only some parameters are different);

· Be identical for both UL and DL if the the same transmission scheme are used in DL and UL to make full use of reciprocity when it is necessary; 

· Be beneficial to reception of MBMS messages.

3 Pattern Design-Method 1
In this method, the minimum allocation element for one UE is a basic pattern. One subrame contains several basic patterns and all these basic patterns are orthogonal with each other in frequency and time domain. Each basic pattern has several subpatterns and each subpattern occupies several units only within one OFDM symbol. Here Unit means several consecutive subcarriers in one OFDM symbol. It is noted that we select some units to form a subpattern based on RS series which can guarantee the minimum units collision in different cells (sectors). It is beneficial to reduce the interference especially on the cell border.

3.1 Basic Pattern Design
Considering the requirement of scalability in all BW cases, a basic pattern contains the same number of subcarriers for any supported bandwidth. Each basic pattern occupies 6 OFDM symbols (i.e. one subframe except one reference symbol), 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 there are 6 subpatterns in a basic pattern. 

In order to reduce the feedback overhead, some adjacent subcarriers in one OFDM symbol are packed into a unit. We choose 3 adjacent subcarriers per unit and one subpattern is constructed by 5 units (i.e. one subpattern occupies 15 subcarriers). These 5 discrete units per subpattern are formulated based on RS series to implement frequency diversity and can avoid unit collision in the different cell and minimize interference on the cell border. How to form a subpattern is explained in 3.2. The above described basic pattern structure is illustrated in detail in Figure 2.

It is noted that the minimum allocation resource is one basic pattern. Some basic patterns can be concatenated to be allocated to one UE.

3.2 Subpattern Design
3.2.1 Intra Cell Case

Taking 5MHz bandwidth as an example, there are 300 usable subcarriers except DC. As described above, the number of subcarriers per subpattern is 15,  3 adjacent subcarriers in one unit and one subpattern contains 5 units. The procedure to allocate 5 units to one subpattern in one cell is described below.

First, before allocation of units to different subpatterns, 100 (300/3) units are equally divided into 5 groups. Thus each group contains 20 adjacent units labelled as 0,1,2,…,19, then one unit is picked in each group to form a subpattern. The unit that is picked is based on the RS series. In this example the series can be : [7, 17, 1, 3, 11, 13, 4, 14, 19, 9, 12, 21, 18, 16, 15, 8, 6, 0, 5, 10]. To form the second subpattern, we can right cyclic shift the series by one number, then the same procedure as above is taken. Thus, total 20 subpatterns can be established.

Figure1 gives the illustration of the subpattern generation. Figure 2 illustrates the pattern design procedure.
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Figure 1 Example of the subpattern generation
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Figure 2 Pattern design procedure in method 1

Unit distribution in all subpatterns in one OFDM symbol is listed in table 1. From the table 1, we can see that there is no any overlap unit in any two arbitrary subpatterns. This good property is benificial to interference mitigation in the same cell. Intra cell interference may be come from frequency or time deviation or phase noise etc


	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	7
	17
	1
	3
	11
	13
	4
	14
	19
	9
	12
	2
	18
	16
	15
	8
	6
	0
	5
	10

	1
	17
	1
	3
	11
	13
	4
	14
	19
	9
	12
	2
	18
	16
	15
	8
	6
	0
	5
	10
	7

	2
	1
	3
	11
	13
	4
	14
	19
	9
	12
	2
	18
	16
	15
	8
	6
	0
	5
	10
	7
	17

	3
	3
	11
	13
	4
	14
	19
	9
	12
	2
	18
	16
	15
	8
	6
	0
	5
	10
	7
	17
	1

	4
	11
	13
	4
	14
	19
	9
	12
	2
	18
	16
	15
	8
	6
	0
	5
	10
	7
	17
	1
	3


Table 1 All subpatterns in one OFDM symbol with 5MHz

3.2.2 Inter Cell Case

Although there are different basic serieses corresponding to different BW (see 3.3), subpattern generation in each cell with the same BW is almost the same as described in 3.2.1. 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). Again, we take 5 MHz bandwidth as an example. The basic series is listed in 3.2.1. In fact, the basic series is corresponding to the case that the cell ID equals 0. The other cells’ derived series are listed in table 2.
	No.
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	basic (ID=0)
	7
	17
	1
	3
	11
	13
	4
	14
	19
	9
	12
	2
	18
	16
	15
	8
	6
	0
	5
	10

	ID=1
	8
	18
	2
	4
	12
	14
	5
	15
	0
	10
	13
	3
	19
	17
	16
	9
	7
	1
	6
	11

	ID=2
	9
	19
	3
	5
	13
	15
	6
	16
	1
	11
	14
	4
	0
	18
	17
	10
	8
	2
	7
	12

	...
	.........

	ID=19
	6
	16
	0
	2
	10
	12
	3
	13
	18
	8
	11
	1
	17
	15
	14
	7
	5
	19
	4
	9


Table 2 Derived serieses used in corresponding cells

3.3 Basic Series for Method 1
As described above, we need different basic series when the BW is different. If the series is determined, the subpattern and basic pattern can be also determined. Table 3 lists all the basic series for different BW cases.
	BW

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

	1.25
	75
	15
	5
	4, 3, 1, 2, 0

	2.5
	150
	15
	10
	7, 1, 3, 4, 9, 2, 8, 6, 5, 0

	5
	300
	15
	20
	7, 17, 1, 3, 11, 13, 4, 14, 19, 9, 12, 2, 18, 16, 15, 8, 6, 0, 5, 10

	10
	600
	15
	40
	26, 28, 2, 17, 7, 12, 6, 5, 38, 30, 15,33, 36, 16, 0, 4, 31, 22, 1, 11, 39, 37, 23, 8, 18, 13, 19, 20, 27, 35, 10, 32, 29, 9, 25, 21, 34, 3, 24, 14

	15
	900
	15
	60
	42, 31, 56, 38, 29, 55, 8, 44, 32, 26, 23, 52, 36, 28, 24, 22, 21, 51, 6, 43, 2, 41, 1, 11, 16, 48, 34, 27, 54, 37, 59, 10, 45, 3, 12, 46, 33, 57, 9, 15, 18, 49, 5, 13, 17, 19, 20, 50, 35, 58, 39, 0, 40, 30, 25, 53, 7, 14, 47, 4

	20
	1200
	15
	80
	42, 41, 13, 58, 74, 24, 34, 65, 21, 33, 37, 63, 45, 39, 40, 68, 22, 61, 72, 48, 43, 66, 49, 71, 23, 9, 29, 8, 1, 51, 44, 14, 6, 28, 60, 47, 15, 31, 64, 73, 76, 0, 26, 7, 56, 18, 32, 12, 30, 36, 38, 11, 2, 79, 78, 53, 17, 4, 55, 70, 75, 52, 69, 50, 16, 59, 19, 57, 46, 67, 77, 25, 62, 20, 5, 3, 27, 35, 10, 54


Table 3 Basic serieses for all BW cases (method 1)

4 Pattern Design-Method 2
As in method 1, the minimum allocation element for one UE is also a basic pattern, one subframe contains several basic patterns and all these basic patterns are orthogonal with each other in frequency and time domain in this method. However, in method 2, one subframe is divided into two areas in time domain denoted as “localized area” and “distributed area”. Each area contains 3 consecutive OFDM symbols (noted that one OFDM symbol is used as reference symbol). We define two kinds of basic pattern corresponding to each area. In localized area, the basic pattern is designed to adapt to obtain multiuser diversity, while the basic pattern in distributed area is suitable to gain frequency diversity. As in the method 1, we also use RS series to select some subcarriers (noted that here the minimum element in subpattern is subcarrier, not unit as in method 1) in one OFDM symbol to form a subpattern, then 3 subpatterns together fom a basic pattern. The overall allocation scheme can be seen in figure 3 (5M BW in this example).
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Figure 3 Pattern design procedure in method 2

4.1 Basic Pattern Design in Localized Area
The localized area is the first 3 consecutive OFDM symbols (except one reference symbol) in one subframe. The basic pattern in localized area (denoted as basic pattern-L) occupies all 3 OFDM symbols but only several consecutive subcarriers. We define in each basic pattern-L, there are 25 consecutive subcarriers no matter what the BW is, so it is obvious that there are totally 3, 6, 12, 24, 36 and 48 basic pattern-Ls in each subframe corresponding to 1.25, 2.5, 5, 10, 15 and 20MHz BW. 

4.2 Basic Pattern Design in Distributed Area

The Distributed area is the last 3 consecutive OFDM symbols in one subframe. The basic pattern in distributed area (denoted as basic pattern-D) occupies these 3 OFDM symbols, but in each symbol, only a part of subcarriers belong to the basic pattern-D. These occupied subcarriers in one OFDM symbol form a subpattern-D. Thus there are 3 subpattern-Ds in a basic pattern-D. We define that there are 25 subcarriers in each subpattern-D no matter what the BW is. We also use the same way as in method 1 to select 25 subcarriers in one OFDM symbol to form one subpattern-D based on RS series. Here we take 5MHz as an example.

First we devide 300 used subcarriers (except DC subcarrier) equally into 25 groups. Each group has 12 adjacent subcarriers labelled as 0, 1, 2… 11, then one subcarrier is chosen in each group to form a subpattern-D. The subcarrier that is chosen is based on the RS series. In this example the series can be : [ 9, 1, 3, 4, 10, 7, 0, 8, 6, 5, 11, 2]. To form the second subpattern-D, we can right cyclic shift the series by one number, then the same procedure as above is taken. Thus, total 12 subpattern-Ds can be established.

Although there are different basic serieses corresponding to different BW, subpattern-D generation in each cell with the same BW is almost the same as described above. 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 (whether basic pattern-L or basic pattern-D) can be concatenated to be allocated to one UE.

4.3 Basic Series for Method 2
As described above, we need different basic series when the BW is different. If the series is determined, the subpattern-D and basic pattern-D can be also determined. Table 4 lists all the basic series for different BWcases.
	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
	32
	0, 5, 13, 15, 29, 11, 28, 2, 23, 27, 24, 3, 30, 16, 1, 12, 6, 22, 18, 19, 26, 17, 8, 7, 31, 25, 10, 21, 9, 14, 20, 4

	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


Table 4 Basic serieses for all BW cases (method 2)

5 Conclusions

In this document, we first present some principles about how to allocate resource (both in frequency and time domain) to UEs, and then two detailed methods are designed both based on RS series. These methods are very simple and consistent among all BW cases. Further, it also satisfies the main mentioned principles. The outstanding advantages of our methods are balancing many inconsistent factors (such as frequency diversity vs multiuser diversity, diversity vs feedback overhead etc.) and considerating inter and intra cell interference mitigation on the cell border. In method 1, uniform basic pattern design is focused and we also consider some trade-off among many inconsistent requirements, while in method 2, we take the advantages of both distributed and consecutive allocation shemes. Which one of the two methods can be adopted needs FFS.
6 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 divercity (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 identical for both UL and DL if the the same transmission scheme are used in DL and UL to make full use of reciprocity when it is necessary; 

· Be beneficial to reception of MBMS messages.

One example of 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. How to select subcarriers in one OFDM symbol to form one subpattern is FFS (consecutive or distributed). 

One example, basic pattern can be adopted as the Figure 7.1.1.2.1-1 in which all subpatterns uses 5 discrete units in one OFDM symbol based on RS series (see Table 7.1.1.2.1-1) and one unit contains 3 consecutive subcarriers. The other example can be adopted as the Figure 7.1.1.2.1-2 in which two basic patterns in one subframe. Basic pattern-L occupies the first 3 OFDM symbols (except one reference symbol) and in each symbol 25 consecutive subcarriers belong to it; Basic pattern-D occupies the last 3 symbols and in each symbol 25 discrete subcarriers belong to it based on RS series (see Table 7.1.1.2.1-2). The two figures are one example of 5 MHz bandwidth.

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 7.1.1.2.1-1 Pattern design procedure (Example 1)
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Figure 7.1.1.2.1-1 Pattern design procedure (Example 2)

The basic series for all BW cases are given in Table 7.1.1.2.1-1 and 7.1.1.2.1-2.

Table 7.1.1.2.1-1 Basic serieses for all BW cases (Example1-15 subcarriers per subpattern)
	BW

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

	1.25
	75
	15
	5
	4, 3, 1, 2, 0

	2.5
	150
	15
	10
	7, 1, 3, 4, 9, 2, 8, 6, 5, 0

	5
	300
	15
	20
	7, 17, 1, 3, 11, 13, 4, 14, 19, 9, 12, 2, 18, 16, 15, 8, 6, 0, 5, 10

	10
	600
	15
	40
	26, 28, 2, 17, 7, 12, 6, 5, 38, 30, 15,33, 36, 16, 0, 4, 31, 22, 1, 11, 39, 37, 23, 8, 18, 13, 19, 20, 27, 35, 10, 32, 29, 9, 25, 21, 34, 3, 24, 14

	15
	900
	15
	60
	42, 31, 56, 38, 29, 55, 8, 44, 32, 26, 23, 52, 36, 28, 24, 22, 21, 51, 6, 43, 2, 41, 1, 11, 16, 48, 34, 27, 54, 37, 59, 10, 45, 3, 12, 46, 33, 57, 9, 15, 18, 49, 5, 13, 17, 19, 20, 50, 35, 58, 39, 0, 40, 30, 25, 53, 7, 14, 47, 4

	20
	1200
	15
	80
	42, 41, 13, 58, 74, 24, 34, 65, 21, 33, 37, 63, 45, 39, 40, 68, 22, 61, 72, 48, 43, 66, 49, 71, 23, 9, 29, 8, 1, 51, 44, 14, 6, 28, 60, 47, 15, 31, 64, 73, 76, 0, 26, 7, 56, 18, 32, 12, 30, 36, 38, 11, 2, 79, 78, 53, 17, 4, 55, 70, 75, 52, 69, 50, 16, 59, 19, 57, 46, 67, 77, 25, 62, 20, 5, 3, 27, 35, 10, 54


Table 7.1.1.2.1-2 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
	32
	0, 5, 13, 15, 29, 11, 28, 2, 23, 27, 24, 3, 30, 16, 1, 12, 6, 22, 18, 19, 26, 17, 8, 7, 31, 25, 10, 21, 9, 14, 20, 4

	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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* The series belongs to a part of basic series shown in Table3. It is used to form the subpattern. �
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