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1 Introduction

It has been agreed at the RAN1#62bis meeting that bitmap patterns will be used to indicate Almost Blank Subframe (ABS) pattern of Macro-cell to Pico-cell with a period of 40ms for FDD [1], while the signalling is still FFS. The following was part of the agreements [1]:
If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an ABS, they are transmitted in the ABS (with associated PDCCH when SIB1/Paging is transmitted).
In this contribution, we will discuss the relevant issues in ABS pattern design for FDD and provide our recommendations. The ABS design issues of TDD are discussed in our companion contribution in [2].
2 ABS pattern design for FDD
In order to ensure reliable measurement quality, besides the UL HARQ timing, the design of ABS patterns also has to take the following issues into account:
1. PBCH/PSS/SSS

2. SIB-1

3. Paging
4. PRS
Since PRS has a signalling period of no less than 160ms [3], and its positions on the time-frequency resource grid does not overlap with any control channels, therefore the impact of PRS on measurement within ABS can be ignored. In the rest of this contribution, we will focus on the impact of PBCH/PSS/SSS, SIB-1 and paging for the ABS signalling design.
2.1 Design considerations

In a synchronized network, even when the ABS is employed, interference imposed on the victim cell from the aggressor cell on PSS/SSS/PBCH/SIB1/Paging channels can not be avoided. This is because the aggressor cell is allowed to transmit these signals in its ABSs [1]. The counterpart channels of victim Pico-cells should therefore be firstly considered in order to ensure the normal access of Pico-UEs (PUE).
Concerning the above ICI issue, a straightforward way may be to employ a subframe-shifting offset for the victim Pico-cell, such its PSS/SSS/PBCH channels will be free of interference from the PSS/SSS/PBCH regions of the aggressor cell, which will be beneficial if ABS, which incurs no PDSCH interference, is applied. Except the subframe-shifting approach, there is no other way to avoid the ICI on PSS/SSS/PBCH channels in heterogeneous networks.
Proposal 1: A subframe-shifting offset for victim Pico-cells should be employed in order to ensure the normal access of PUEs.
When a subframe-shifting offset is used by victim Pico-cells, the application of aggressor Macro-cell’s ABS pattern should guarantee that the Paging/SIB-1 and PBCH/PSS/SSS of victim cells are free from ICI. From the view of the victim Pico-cell, in order to align with the 8ms UL HARQ timing while eliminating interference on PBCH, the subframes #0, #2, #4, #6, and #8 of the Pico-cell should be set as an ABS to align with the 8ms UL HARQ timing. Specifically, subframe #0 of Pico-cell is set as ABS to avoid the interference from Macro-cell, while subframes #2, #4, #6, and #8 are set as ABS to maintain the alignment with the said HARQ timing. However, it should be pointed out that the alignment with the 8ms UL HARQ timing requires 50% subframes to be set as ABS. In fact, the intention here is to avoid ACK/NACK transmissions in subframe #0 of the aggressor cell in response to the corresponding UL transmission completed 8ms ago, so as to ensure a well protection in subframe #0 of the victim cell. Therefore, rather than setting the subframes #2, #4, #6, and #8 to ABS, we actually only need to avoid scheduling UL grants in subframe #2, so that no ACK/NACK for the UE needs to be sent at a later subframe #0 of each radio frame. This design criterion is reflected in Fig.1.
 [image: image1.wmf]pico sf index

#

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

ABS

Normal subframe

UL grant does not send


Fig. 1: Revised ABS pattern to avoid the interference from PBCH.
Similar to PBCH considerations, the desired ABS patterns for the Pico-cell for achieving ICI-free transmission on other CCHs and/or PSS/SSS are shown in Fig. 2.
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Fig. 2: ABS pattern to avoid the interference from BCH/PSS/SSS/PCH.
Notice that if subframe #4 of Pico-cell is not used for paging (as in paging configuration #1), at most 30% subframes will be set as ABS. Otherwise, if subframe #4 is used for paging, this ratio increases to 40%. For the Pico-cell, it is sufficient to page PUEs only at subframe #9 because the number of PUEs should be much lower than that of the MUEs. Hence, in order to guarantee ICI-free PSS/SSS/PBCH/SIB1/Paging transmissions for Pico-cell, at least 30% subframes of Macro-cell should be set as ABS.

Observations 1: At least 30% subframes of Macro-cell should be set as ABS to guarantee ICI-free PSS/SSS/PBCH/SIB1/Paging transmissions in Pico-cell.
In fact, conventional ICIC methods can be applied in the Macro-cell to avoid interfering the PBCH/PSS/SSS of Pico-cell. For example, the aggressor may avoid transmitting PDSCH in the middling 6RBs at subframe #0 of Pico-cell’s by invoking coordinated scheduling.
Observations 2: PBCH or PSS/SSS may not need protection by ABS, since it could be achieved by time shifting (TS) and coordinated scheduling.
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Fig. 3: ABS pattern for protecting SIB-1 and Paging only.
The SIB-1 and Paging of victim Pico-cells should be protected because they are not transmitted on some fixed positions on the resource grid, meaning that ICI can not be avoid by conventional methods. Therefore, SIB-1 and PCH should be protected by the ABS. Specifically, at least subframe #5 in even-numbered radio frame and subframe #9 of Pico-cells should be protected, which is shown in Fig. 3.
Proposal 2: SIB-1 and Paging of Pico-cells should be protected by ABS. Specifically, at least subframe #5 in even -numbered radio frame and subframe #9 of Pico-cells should be protected.
Therefore, we propose the following patterns with different ABS ratios, as illustrated in Fig. 4.
[image: image4.wmf]SFN mod 2 =0

pico sf index

#

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

ABS ratio

15.0%

1

30.0%

2

30.0%

3

40.0%

4

ABS

Normal subframe

UL grant does not send

Macro does not scheduling mid 6-RBs

1: SIB-1 and PCH only (paging only at #9)

2. SIB-1 and PCH only (paging only at #4 and #9)

3: considering PBCH+SIB-1+PSS/SSS+PCH (paging only at #9)

4: considering PBCH+SIB-1+PSS/SSS+PCH (also paging at #4)


Fig. 4: Patterns with different ABS ratios.
Proposal 3: The baseline ABS pattern design should take the SIB-1/PCH/PBCH/PSS/SSS of Pico-cell into account. The patterns shown in Fig. 4 should be considered.
To achieve increased protection level, more subframes may be set as ABS under the 8ms UL HARQ timing restriction. After merged with the ABS configuration 3 in Fig. 4 with the base pattern proposed in [4], more flexible ABS configurations enabling the use of more ABSs can be obtained. An example is provided in Fig. 5.
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Fig. 5: Merged ABS patterns with increased flexibility.
2.2 Subframe-shifting for victim cells
Subframe-shifting of Pico-cells is equivalent to pattern-shifting, which may be employed to avoid collision between PSS/SSS/PBCH/SIB-1/Paging and Macro-cell’s ABS. When SIB-1 or PCH is transmitted in ABS, the associated PDCCH will need to be transmitted as well. Thus the benefits of ABS reduce due to inevitable ICI. For the Macro-cell, when PSS/SSS collide with ABS, the control channel of Pico-cell is not affected, while the impact on data region can be avoided by not scheduling cell-edge PUEs at the middling 6 RBs. Alternatively, the performance loss due to the said collision may be insignificant, since the PDSCH performance of PUE may be compensated by exploiting the other muted REs in ABS. When the ABS collides with Macro-cell’s PBCH, the measurement report on the middling 6 RBs should be compensated by the eNB itself. For example, the wideband CQI report from UE should be amended, and subband CQI on the said 6RBs can be discarded.
In summary, we propose that:
Proposal 4: The collision of ABS and SIB-1/PCH should be avoided in subframe-shifting.
Based on the above analysis, the Macro-cell should avoid the collision of  SIB-1/PCH with ABS in order to keep the low-interference characteristic in ABS. Specifically, when the Macro-cell schedules paging only at subframe #9, then subframe #5 at even-numbered radio frame and subframe #9 should not be set as ABS. Therefore, 2ms offset should be applied for Pico-cell and thus configuration 0~6 in Fig. 6 always satisfy this requirement.
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Fig. 6: Pattern configurations when only allowing paging at subframe #9.
If subframe #4 is also allowed to be used for Macro-cell’s paging transmissions, as shown in Fig. 7, the interference from PCH can not be avoided thoroughly when the ABS ratio is larger than 47.5%. In this case, 2ms offset could also be used. However, Pico-cell should avoid scheduling cell-edge UEs in subframe #4 of Macro-cell (corresponding to the Pico-cell’s subframe #6), and the measurement on Pico-cell at Macro’s subframe #4 should be avoided due to inaccurate of results. Therefore, it has little meaning to set these subframes as ABS.
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Fig. 7: Pattern configurations when also paging at #4
The benefits of ABS disappear if they collide with PCH and SIB-1 transmissions of Macro-cell. Thus, it makes sense to replace the said collided ABS with the normal subframe without UL grant.
Proposal 5:  The ABS colliding with PCH/SIB-1 should be replaced by a normal subframe without UL grant.
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Fig..8: Revised pattern configurations when also paging at #4
As an example, Fig. 7 can be revised as Fig. 8. As shown in the figure, no matter subframe #4 is used for paging or not, 2ms TO is the best choice to follow all the considerations mentioned above.
Proposal 6: 2ms subframe offset should be applied for victim Pico-cell.
3 Conclusion
In this contribution, we have discussed the ABS pattern design considerations. It is suggested for RAN1 to agree on the following proposals:
Proposal 1: A subframe-shifting offset for victim Pico-cells should be employed in order to ensure the normal access of PUEs.
Proposal 2: SIB-1 and Paging of Pico-cells should be protected by ABS. Specifically, at least subframe #5 in even -numbered radio frame and subframe #9 of Pico-cells should be protected.
Proposal 3: The baseline ABS pattern design should take the SIB-1/PCH/PBCH/PSS/SSS of Pico-cell into account. The patterns shown in Fig. 4 should be considered.
Proposal 4: The collision of ABS and SIB-1/PCH should be avoided in subframe-shifting.
Proposal 5:  The ABS colliding with PCH/SIB-1 should be replaced by a normal subframe without UL grant.

Proposal 6: 2ms subframe offset should be applied for victim Pico-cell.
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