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1. Introduction
RAN WG1 has recently made progress in defining the DL RS structure, and a Working Assumption has been agreed. Figure A1 in the Annex shows the reference symbol structure which was agreed in RAN1#48. In RAN1#48bis, RAN also agreed that reduced Tx power can be applied to the sub-carriers in the control region.  However, it was also agreed in RAN1#47 that the eNodeB can control whether to send RS3 and RS4 because a 2-RS structure has an advantage considering the overhead of RS’s [1]. RAN1 did not decide how to make the determination whether to use RS3 and RS4 or not.
The 2-RS structure in the RAN1 Working Assumption has many advantages compared to the 4-RS structure. An alternate reference symbol structure was also proposed in RAN1#48bis in [2] which improves the control channel performance significantly.

On the other hand, a 4-RS structure is sometimes required for 4-Tx MIMO or 4-Tx diversity. However, it is not necessary that a 4-RS structure always be used for these situations.

In this contribution, we discuss a means of selecting between the 2-RS and 4-RS structures in line with the conclusion in RAN1#47, and we propose a way to make the determination when to use only a 2-RS structure, and when to also send RS3 and RS4, i.e. use a 4-RS structure. We also show a method for concurrently randomizing the interference caused by RS’s between adjacent cells.
In section 2, we discuss the benefit for the 4-Tx NodeB to flexibly utilize the 2-RS and 4-RS structures.
In section 3, we discuss how to select the 2-RS-and 4-RS structures in a 4-Tx NodeB, i.e. how to define predefined RS patterns in a cell and how to choose these predefined patterns in a specific cell. We show that this idea can reduce the signaling load between NodeB and UE, and simultaneously reduce the overhead and the adjacent-cell RS interference.
In section 4, we show simulation results which demonstrate that applying this idea is effective in decreasing the interference from adjacent cells.
2. Flexible application of 2-RS 4-RS structures 
As described in Annex C, the 2-RS structure has advantages compared to the 4-RS structure, the following is a summary of 2-RS advantages - 

· Increase in cell coverage

· Decrease in interference from adjacent cells

· Decrease in overhead

· Performance improvement for high mobility UEs
On the other hand, a 4-RS structure is required for 4-Tx MIMO or 4-Tx diversity for some of the cases but is not necessary for others, thus the above advantages of a 2-RS can be effectively realized by a flexible application of the 2-RS or 4-RS structures.

Thus, we believe it is beneficial for a 4-Tx NodeB to be able to select between the 2-RS and 4-RS structures. To be able to do this, the UE should have information as to which subframes the NodeB transmits using a 2-RS and which using a 4-RS structure. A method of selecting between the 2RS/ 4RS structures in a 4-Tx NodeB with minimal signaling is needed, and is described below.
3. Proposal using predefined RS Patterns and grouping them into Sets
As stated previously, it is beneficial for a 4-Tx NodeB to be able to select between 2-RS and 4-RS structures, and therefore the selected structure needs to be communicated to the UE.
In this section, we show how to construct the 2RS/4RS structures, tag them with identities, and communicate the RS structure in current use by a NodeB, from the NodeB to the UEs with minimal signaling.
We create predefined Patterns of Radio frames consisting of different ratios of 2-RS and 4-RS subframes and their specific positions in the radio frame, and tag them with Pattern IDs. We group a small subset of the large number of Pattern IDs of these Patterns into Sets (as an example, 4 Patterns, A, B, C, D identified by their Pattern ID in a Set are used in this contribution, but this could be 8 or 16 Patterns per Set, etc.), and tag each Set with a Set-ID. Thus a specific RS subframe pattern in a Radio Frame will be distinguished by two IDs, i.e. a “Set ID” and “Pattern ID” (See Figure 1 and 2). Each Cell will be associated (linked) with one Set-ID (a one-to-one relationship), and thus a Cell/eNodeB will have available for use the (4) Patterns grouped together in the associated Set. Then the NodeB will select one Pattern (e.g. 1 out of 4, A or B or C or D) from within the associated Set to use at any one time and only communicate the (1 of 4) Pattern in current use by signaling a short Pattern number (1 to 4, A or B or C or D, requiring only 2 bits). 
The following are predefined and these predefinitions are known at the NodeB and the UE - Pattern IDs and their 2RS/4RS subframe structure, the association of the (4) Pattern IDs with a Set-ID, and the association of a Set-ID with a Cell-ID.
The UE can then decode the Longer Pattern ID based on the signaled Pattern number in the Set (e.g. 1 of 4). This Pattern ID allows the UEs to distinguish which subframes in the Radio Frame are transmitted using the 4-RS structure and which using the 2-RS structure. 
First we will explain a “Pattern ID” in section 3.1. Then we will explain a “Set ID” in section 3.2. Then, we will explain the relationship between the Set ID and Cell ID in section 3.3 and the UE decode process in section 3.4. And then, in section 3.5 we will explain the signaling aspect of our proposal to communicate which Pattern is in current use.
3.1. Pattern IDs
Figure 1 shows that each Pattern ID has a different location of 2-RS and 4-RS subframe structures within a radio frame. The orange region shows the subframes which uses the 4-RS structure, and the  light blue region shows the subframes which uses the  2-RS structure. 
Different Pattern IDs will have two attributes – 
1. Different Ratios of 4-RS and 2-RS subframes – to allow a variable ratio of 4-RS and 2-RS subframes in the structures
2. For each particular 4RS/2RS Ratio, a Different Position of the 4-RS subframes in the radio frame – to randomize the positions of the 4-RS subframes and 2-RS subframes for each particular ratio, and thus randomize the adjacent-cell RS interference by assigning these different-position Sets 
Many combinations of 4-RS and 2-RS are predefined and Tagged with Pattern IDs. In the example, Pattern IDs are numbers 1 to 256 etc.
Figure 1 shows four specific typical predefined Pattern IDs as an example, from the total available Pattern IDs. 
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Figure 1. Pattern ID (Relationship between Pattern ID and the number and position of 4-RS structures within a radio frame)

3.2. Set IDs and their Patterns
Figure 2 showed an Example of a Set and a Set-ID. Figure 1 shows a Grouping process by selection of Pattern IDs and collecting the 4 Patterns thus selected into a Set tagged by a Set-ID – thus  a Set ID consists of 4 different Patterns which were picked from the bank of candidate Patterns identified by their Pattern IDs. Figure 2 shows that Patterns A-D include different ratios of 4-RS structures within a radio frame. For example, Patterns A-D include from 10% to 40% of the 4-RS structures respectively in Figure 2. It is an important attribute of each Set that it must include different ratios of 4-RS to 2-RS subframes.
In the example, the Set-IDs are 2 alpha characters, e.g. AA, AB, -, -, ZZ. As shown in the Figure 2 example, a Set is predefined to consist of 4 Patterns A, B, C, D, which are identified by their Pattern IDs.
As shown in Figure 2 and 3, because each Set and Set ID has a different location of the 4-RS structure, the probability of a 4-RS structure overlapping between adjacent cells can be reduced by assigning different Set IDs to adjacent cells. It implies that adjacent cell’s interference difference between subframes becomes small, in the above case.

[image: image2.wmf]One set of Predefined Patterns

（

Set 

ID 

#

AA

）

(

Pattern

 ID 

#

1

)

(

Pattern 

ID 

#

15

)

(

Pattern 

ID 

#

34

)

(

Pattern 

ID 

#

255

)

2

RS

T

1

, 

T

2

2

RS

T

1

, 

T

2

, 

T

3

, 

T

4

2

Tx RS Structure

4

Tx RS Structure

10

ms Radio Frame 

1

ms Subframe

4

RS

4

RS

4

RS

4

RS

4

RS

4

RS

4

RS

4

RS

4

RS

4

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

2

RS

Pattern

 

A

Pattern

 

B

Pattern

 C

Pattern

 D


Figure 2. Set IDs and Patterns (Relationship between Set ID, their Patterns and Pattern ID)

3.3. Relationship between Set ID and Cell ID, use of 1 Pattern within 1 Set/Cell
Each Cell has a predefined association with a different Set ID. 
Figure 3 shows the predefined one-to one relationship between the Set-ID and the Cell-ID in the far left column, and this eliminates the need for Set ID information signaling. Adjacent cells have a different Set ID if adjacent cells have a different Cell IDs.

As for Figure 1, the orange region shows the subframes which uses the 4-RS structure, and the  light blue region shows the subframes which uses the  2-RS structure in Figure 3.
As mentioned in Section 3, the NodeB will select one (e.g. 1 out of 4, A or B or C or D) Pattern from within the associated Set to use at any one time. Figure 3 shows this selection in effect – a particular pattern is shown in current use for each Cell-ID/Set-ID – e.g. Cell ID#1 has a predefined association with Set-ID #AA and is currently shown using Pattern C from within the Set #AA. 
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Figure 3 Set ID – Cell-ID Relationship and use of one Pattern within a Set-ID
3.4. UE decode of 4-RS and 2-RS Locations by use of Pattern ID, Set ID and Cell ID
As described in section 3.1, 3.2 and 3.3, UEs can distinguish which subframes in the Radio Frame are being currently transmitted using the 4-RS structure and which using the 2-RS structure by the following steps – 

1. Knowing the predefined associations of the 4-RS subframe positions patterns with all the Pattern IDs.

2. Knowing the predefined association of the subset (4) of Pattern-IDs for all Set IDs.

3. Knowing the predefined association of the Set ID to the Cell-ID
4. Detecting the minimum signaling from the NodeB to receive the Pattern being currently transmitted within the Cell.
3.5. Signaling of the Radio Frame 4RS/2RS Pattern 
3.5.1. Signaling for the Pattern being currently transmitted within the Set IDs
A 2-bit field is required to be signaled from the NodeB to the UE to indicate which one pattern out of 4 (A, B, C, D) is currently being transmitted.
Which signalling (i.e., L1/L2 signalling or L3 signalling, etc) will be used should depend on the signalling update rate.

3.5.2. Selection of Pattern IDs by NodeB
We assume that whether NodeB transmits with a 4-RS structure or not will be decided by at least using:

· The percentage of 4TX MIMO UEs in a cell
· The total number of UEs in a cell 

Based on this assumption, every NodeB can decide whether to transmit a 4-RS structure or not. Thus we can define a flexible radio frame structure depending on the need, the cell location or the time of day.

Example of cell location :

· The majority of UEs are Low mobility/High data rate in this cell(e.g. urban)

· The majority of UEs are High mobility in this cell(e.g. along the rail road/high way)

Example of time of day:

· The majority of UEs are Low mobility/High data rate at this time(e.g. day time)

· The majority of UEs are High mobility at this time(e.g. commute time)

4. Simulation Result-observation of Interference from adjacent cells
In Figure 3, the simulation results show SIR improvements by a flexible application of the 2-RS and 4-RS structures for the  4-Tx antenna case at the NodeB.

The horizontal axis represents the percentage of RBs including Data symbol as Load, and the vertical axis represents interference from adjacent cells as SIR. The SIR was calculated by using first 2 OFDM symbols in a subframe. 
Simulation Cases

 
1. 2-RS structure only 
2. Pattern A, B, C, D as in Figure 2
3.  4-RS structure only
Figure 4 shows that there is a significant difference in SIR between the 2-RS and 4-RS structures in the Low Load regions. There is a smaller SIR difference between the 2-RS and 4-RS structures in the High Load regions.  This is so because the major cause of interference in the low Load regions is the Reference Symbols, and the major cause of interference in high Load regions is the Data symbols.

At a low Load point such as 0.1, the SIR improvement in pattern A becomes 2.5dB compared to the 4-RS structure-only case.

At a middle Load point such as 0.5, the SIR improvement in pattern A becomes 1.0dB compared to the 4-RS structure-only case.

The details of the RS structures in this simulation are described in Annex A, and simulation parameters are described in Annex B.

In this simulation, we focused on SIR improvements, we did not consider CCH’s power difference between the 2-RS and 4-RS structures. We should keep in mind that the CCH’s power difference is up to 2.55dB between the 2-RS and the 4-RS structures (See Annex C). Moreover, significant improvement of control channel performance can be achieved by applying an alternate reference symbol structure as in [2].
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Figure 4 Data Load vs. SIR

5. Conclusions
In this contribution, we discussed a method of flexibly selecting between 2-RS and 4-RS structures in support of the RAN1#47 conclusion, to reduce the overhead of always using a 4-RS structure, and to reduce the RS interference between adjacent cells. We showed an example of how to select the 2-RS and 4-RS structures in a 4-Tx NodeB, i.e. how to define predefined patterns in each cell and how to choose these predefined patterns in a specific cell. We showed that the use of predefined patterns can reduce the signaling load between the NodeB and UE. 
We also showed that the 2-RS structure is more effective, and that there is up to 1.0-2.5dB SIR improvement by applying selection of the 2-RS and 4-RS structures.
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Appendix A -   2-RS and 4-RS structures
Figure A1 shows the reference signal structure for 4-TX antenna.　This RS structure is agreed as the working assumption in RAN1 #48.
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Figure A1 Reference symbol structure for 4-TX antenna (WA)

Appendix B- Simulation Parameters

Table B1 Simulation Parameters

	Parameter
	Assumption

	Multi-cell model
	7 cell sites, 3 cells per site

	Inter-site distance
	1732 m

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	CP
	10 samples

	Channel models
	Typical Urban 6 rays (3km/h)

	Node-B transmission power
	43 dBm

	Node-B antenna pattern and gain
	70-degree sectored beam, 14 dBi

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing correlation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Penetration loss
	20 dB

	Number of Tx / Rx antennas
	1 / 2

	UE antenna gain
	0 dBi

	UE position
	Cell edge

	RS structure
	Subframe Structure 1(WA)


Annex C- Comparison of 2-RS and 4-RS structures
7. CCH’s power reduction (the effect of RS’s Power Boosting)

When we assumed that 6dB power boosting is applied to 2-RS structure and 9dB power boosting is applied to 4-RS structure, we observed that there is1.75dB difference of CCH’s power between two RS structures as shown in Table C1, which implies that cell coverage will be reduced. Moreover, if we apply larger power boosting to RS, the difference becomes larger.

 There is CCH’s power reduction only in 1 OFDM symbol in the 2Tx antenna RS structure. On the other hand, there is CCH’s power reduction in 1 and 2 OFDM symbols in 4 Tx antenna RS structure. Thus the CCH’s effective power reduction becomes 2.55dB (see yellow high-lighted area), which shows that the cell coverage reduction is not negligible in 4 Tx antenna RS structure. In these calculations, we assumed that CCH uses all sub-carriers in 1 and 2 OFDM symbol in a subframe.
Table C1 Comparison of CCH’s power reduction

	PowerBoosted value
	0dB
	3dB
	6dB
(2RS typical case)
	9dB
(4RS typical case)
	12dB

	CCH's reduced power
(2RS, 1OFDM symbol)
(4RS, 1&2 OFDM symbol)
	0.79dB
	0dB
	-1.25dB
	-3dB
	-5.2dB

	Effective CCH's reduced power
(2Tx RS structure)
	0.33dB
	0dB
	-0.45dB
	-0.96dB
	-1.2dB

	Effective CCH's reduced power
(4-Tx RS structure)
	0.79dB
	0dB
	-1.25dB
	-3dB
	-5.2dB


8. Reduction of Interference from adjacent cells

 In 3GPP LTE some Resource Blocks or OFDM symbols transmit only RS. If we assumed that RS power is constant, i.e. one RS sub-carrier has same power independent of RS structure, there is a little difference of interference from adjacent cells between 2-RS and 4-RS structures when all Resource Blocks include data symbols. But if  a resource block contain only RS, the difference becomes 3dB between two RS structures considering 1 and 2 OFDM symbol in a subframe(see Table B2).

Table C2 Comparison of Interference from adjacent cells(Subframe structure 1)

	
	RS only
	Include Data

	Difference of Interference between 2RS  and 4RS structure
	3dB
	0dB


9. Reduction of RS overhead

When we used WA RS structure in Figure A1, RS overhead will be different depending on the number of antennas (See table C3). 

Table C3 Comparison of RS Overhead (Surbframe Structure1 : WA)

	1Tx
	2Tx
	4Tx

	4.8%
	9.5%
	14.3%


10. High mobility UE performance

In the case of high-mobility UEs, the RS density in time domain has an important effect on decoding performance. Therefore we cannot ignore the sparser density of RS3, 4 in 4Tx antenna RS structure in both subframe structure 1 and 2.

On the other hand, because RS1 and 2 has the enough density in both subframe structure 1 and 2, the performance degradation, even at 350km/h, is small as described in [3]. So we believe that there is the benefit to use 2Tx antenna RS structure in high-mobility UE.















































































































































































- 1/11 -

