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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 20ms for TDD DL/UL configuration 1~5, 70ms for TDD DL/UL configuration 0, and 60ms for TDD DL/UL configuration 6 [1], while the required signalling support is still FFS.
In this contribution, we will discuss the relevant issues in ABS pattern design for TDD and provide our recommendations. The ABS design issues of FDD are discussed in a companion contribution in [2].
2 ABS pattern design for TDD
Besides the UL HARQ timing requirement, the design of ABS pattern also needs to take the following issues into account in order to ensure reliable measurement quality:
1. PBCH/PSS/SSS message;
2. SIB-1;
3. Paging;
It has been agreed in [1] that:

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). 
Regarding the above agreement, in order to guarantee the accuracy of CSI measurement, we need to take into account the impacts on PSS/SSS/PBCH/SIB1/Paging/PRS on the ABS pattern design.
As discussed in [2], the impact of PRS on ABS can be ignored. Therefore, in the rest of this contribution, we will focus on the impact of PBCH/PSS/SSS, SIB-1 and paging on the ABS signalling design.
2.1 Design considerations

In a TDD system, the following subframe offsets should be considered:

1. PBCH: #0 of each radio frame;
2. PSS/SSS: #1, #6;
3. SIB-1: #5 in the even-numbered radio frame;
4. PCH: {0}, {0, 5}, {0, 1, 5, 6}.
In the ABS design for FDD systems [2], we reached some common conclusions applicable to both FDD and TDD:

1. In order to avoid the interference from the aggressor cell to the victim cell on PSS/SSS/PBCH/SIB1/Paging channels, time-shifting (TS) should be enabled in Pico-cell.

2. Only SIB-1 and PCH of Pico-cell should be protected by ABS, while PBCH/PSS/SSS are not necessarily protected by ABS. Instead, they can be protected by coordinated scheduling, such as avoid scheduling any data in the occurrences of PBCH/PSS/SSS.

3. The Macro-cell should avoid setting the subframes that collide with SIB-1 and PCH as ABS.
4. The ABS colliding with PCH/SIB-1 should be replaced by a normal subframe without UL grant.
Regarding on the conclusions above, the baseline ABS pattern can be derived, as plotted in Fig. 1.
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Fig. 1: ABS pattern to avoid interference from PBCH/PSS/SSS/SIB-1/PCH channels.

Furthermore, in the TDD system, if one of the downlink (DL) or special subframes (SSF) is set to be an ABS, the corresponding later UL subframe might be muted due to absence of UL grant. For example, for DL/UL configuration 0 or 6, any DL/SF set as ABS may lead to muting of corresponding UL subframes thereafter. Given that the DL or SSF is responsible to schedule up to two UL subframes, the impact of UL muting should be seriously considered in the pattern design.
Proposal 1: The impact from setting DL/SSF to ABS and thus automatically muting one or two UL subframes should be taken into account on the ABS pattern design for TDD.
In some of the TDD configurations, because more DL plus SSF subframes than UL subframe, some DL/SSF subframes do not necessarily contain UL grants. Therefore, the ABS candidate subframes in the TDD system may include:
· DL subframes not containing UL grant;
· DL subframes containing UL grant;
· SSF not containing UL grant;
· SSF containing UL grant.
In order to reduce the impact on the UL scheduling, it is preferred to set the DL/SSF not containing UL grants as ABS first. For the DL/SSF containing UL grants, which may align with an UL HARQ timing of 10/11/14ms, etc. Obviously, the DL/SSF aligning with 10ms HARQ timeline is preferred to be used as ABS, since it also aligns with the 10ms duration of a radio frame.
Proposal 2: For the Macro-cell, the descending priority order for setting a subframe as an ABS is: DL/SSF subframes not containing UL grants > DL/SSF subframes with UL HARQ timing of 10ms > Other DL/SSF subframes.
2.2 Considerations on PSS/SSS/PBCH/SIB1/PCH 

Similar to FDD, in order to avoid ICI from the aggressor cell to the victim cell on PSS/SSS/PBCH/SIB1/Paging channels, TS is preferred. Interference between DL and UL (a.k.a. cross-interference) must be considered when TS is implemented in TDD systems. Accordingly, a subframe time offset (TO) of 5ms can be applied for the DL/UL configurations with 5ms switch-point periodicity, i.e. DL/UL configuration 0, 1, 2, and 6, when both Macro- and Pico-cells have the same DL/UL configuration. Alternatively, cross-configuration TS in [3] also has the potential to solve this problem, when fake UL subframes are employed. The principle to find a good TS pair is to seek for the configurations such that the following condition is satisfied: the Macro-cell has at most one UL subframe interfering the Pico-cell’s DL subframe, while the UL of time-shifted Pico-cell enabling does not impose interference to Macro-cell’s DL subframes. This means that the Macro-cell must have more than one UL subframe. Thus, DL/UL configuration 5 is not preferred for Macro-cell in this case.
The possible DL/UL cross-configuration pairs with TS are listed below:
1. Configuration 0 and Configuration 1 (Configuration 1 has 1ms or 5ms TO);
2. Configuration 1 and Configuration 2. (Configuration 1 has 1ms or 5ms TO);
3. Configuration 0 and Configuration 6 (Configuration 6 has 5ms TO);
4. Configuration 6 and Configuration 1 (Configuration 1 has 5 ms TO);
5. Configuration 3 and Configuration 4 (Configuration 4 has 1ms TO);
6. Configuration 4 and Configuration 5 (Configuration 5 has 1ms TO);
7. Configuration 2 and Configuration 5 (Configuration 5 has 5ms TO).
Proposal 3: In order to avoid ICI from the aggressor cell to the victim cell on PSS/SSS/PBCH/SIB1/Paging channels, TS should be used in TDD system with the aid of fake UL subframes. In addition, to further avoid the cross interference, 1ms or 5ms TO should be used in conjunction with fake UL subframes.
One example of applying cross-configuration TS to avoid interference between PSS/SSS/PBCH/SIB1/Paging channels is shown in Fig. 2.
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Fig. 2: Cross-configuration TS using DL/UL configuration 0 and 1 with 1ms TO.
Fig. 2 gives an example of cross-configuration arrangement, where the cross-configuration TS pairs are constituted by DL/UL configuration 0 (Macro) and DL/UL configuration 1 (Pico) with 1ms TO used in the Pico-cell. Subframe #1 of Macro-cell is set as ABS in order to avoid aggressor’s PBCH interference over subframe #0 of Pico-cell. However, two UL subframes (#7, #8) of Macro-cell is therefore forced to be fake UL sbuframes due to missing UL grants, while subframe #3 should be set as fake UL subframe since the corresponding DL subframe (#1) carrying PHICH is set as ABS. Due to the significant loss of DL/UL throughput, 1 ms TS offset does not appear to be a good choice.
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Fig. 3: Cross-configuration time-shifting using DL/UL configuration 0 and 1 with 5ms TO
A better choice may be 5ms TO, as shown in Fig. 3. In this scheme, subframe #5 of Macro-cell is set as ABS, which forces subframe #9 to be a fake UL subframe due to the missing UL grant. Coincidently, it also avoids aggressor’s UL interference to Pico-cell’s subframe #4.

In some cases, the pico cell can not avoid imposing UL interference to macro’s DL subframe. For example, when DL/UL configuration 5 is used in the Macro-cell, any DL/UL configuration used by Pico-cell with TO 1ms or 5ms will result in this problem. In this case, the Pico-cell should avoid scheduling PUEs at this transmission opportunity.
Observations 1: The Pico-cell should avoid scheduling PUEs in the UL subframes where its UL interference to Macro-cell’s DL subframe can not be avoided.
2.3 Remaining issues
Besides the above discussions, there remain some issues.

1. What information should be exchanged between the aggressor Macro-cell and the victim Pico-cell?

It is complicated, if not impossible, to define a restricted ABS pattern set for each of the TDD DL/UL configurations, especially when TS is employed. Therefore we propose that the ABS pattern bitmap is exchanged between Macro-cell and Pico-cell without standardization of specific patterns.
Proposal 4: Use a 20-bit bitmap for TDD DL/UL configuration 1~5, a 60-bit bitmap for TDD DL/UL configuration 6 and a 70-bit bitmap for TDD DL/UL configuration 0.
2. How to deal with UpPTS interfering DL subframes with TS enabled?
When 1ms TO is used, the Macro-cell always imposes UpPTS interference to the Pico-cell’s first subframe. However, according to the current specification [4], the largest duration of UpPTS is not longer than the duration of 2 OFDMA symbols. Hence, the measurement and PBCH of victim Pico-cell are not impacted. The only concern is to avoid the interference to victim Pico-cell’s data channel, which can be done by not scheduling cell-edge UEs at subframe #0 of Pico-cell.
Observations 2: The Macro-cell’s UpPTS interference to the Pico-cell’s first subframe does not impact the measurement and PBCH of victim Pico-cell when TO of 1 ms is used.
3. Considerations of aggressor Macro-cell’s neighbor Macro-cells
Fake UL occasion of neighbor Macro-cells will generate cross interference to PUEs especially for cell-edge PUEs. One possible solution is to inform the occurrences of aggressor Macro-cell’s fake UL fsubframes to the neighbor Macro-cells, which should then avoid scheduling their cell-edge UEs in those subframes.

Proposal 5: A Macro-cell’s neighbor Macro-cells should avoid scheduling their cell-edge UEs at the aggressor Macro cell’s fake UL subframe occurrences.

3 Conclusion
In this contribution we have discussed the ABS pattern design considerations for TDD. The following proposals are provided:
Proposal 1: The impact from setting DL/SSF to ABS and thus automatically muting one or two UL subframes should be taken into account on the ABS pattern design for TDD.
Proposal 2: For the Macro-cell, the descending priority order for setting a subframe as an ABS is: DL/SSF subframes not containing UL grants > DL/SSF subframes with UL HARQ timing of 10ms > Other DL/SSF subframes.
Proposal 3: In order to avoid ICI from the aggressor cell to the victim cell on PSS/SSS/PBCH/SIB1/Paging channels, TS should be used in TDD system with the aid of fake UL subframes. In addition, to further avoid the cross interference, 1ms or 5ms TO should be used in conjunction with fake UL subframes. 
Proposal 4: Use a 20-bit bitmap for TDD DL/UL configuration 1~5, a 60-bit bitmap for TDD DL/UL configuration 6 and a 70-bit bitmap for TDD DL/UL configuration 0.
Proposal 5: A Macro-cell’s neighbor Macro-cells should avoid scheduling their cell-edge UEs at the aggressor Macro cell’s fake UL subframe occurrences.
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