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1. Introduction
The enhanced ICIC (eICIC) scheme in a non-CA based heterogeneous network (HetNet) has been discussed in recent RAN1 meetings. Interference scenarios of macro-femto deployment are illustrated in Figure 1, where a solid line represents a desired link, and a dotted line represents interference. Three cases of interference scenarios have been identified
· Case (a): A macro user with no access to the CSG cell will experience interference from the HeNB
· Case (b): A macro user causes severe interference towards the HeNB 
· Case (c): A CSG user is interfered by another CSG HeNB
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Currently, the discussion in RAN1 is focused on downlink control signals/channels, i.e. scenarios (a) and (c) of Figure 1. 
Figure 1: Interference scenarios in macro-femto heterogeneous deployment.
In the RAN1#61bis meeting, the following was agreed:
· Consider power control and time domain solution as baseline solutions
· Frequency domain solution is not precluded.
· More concrete proposal of each solution should be provided (To be revisited on Friday, shown below)
· Ensure backwards compatibility to Rel8/9 UE
· Strive for at least one common TDD and FDD solution whenever possible
· Feedback from other WGs should be consolidated to make decision

· Applicability of macro-pico scenario is FFS

In this contribution, we focus on the agreement highlighted in bold face above and present a time domain based solution which is applicable to both FDD and TDD modes.  
2. Discussion
2.1. HeNB Power setting
As shown in the simulation results of power setting schemes in [1-3], power setting is effective in alleviating co-channel interference among CSG cells. For example, it is shown in [1] that, with power control, less than 5% of HUEs have SINR below 0dB, and almost none of HUEs have SINR lower than -2.5dB. Thus, power setting is sufficient for interference mitigation among HeNBs, and we propose that 
Proposal 1: Case (c) in Figure 1 is mitigated by means of HeNB power settings. 
Proposal 2: Apply the time/frequency domain eICIC scheme to case (a) of Figure 1 to compensate for the insufficiency of HeNB power setting in interference mitigation. 
2.2. Time domain eICIC scheme
In the remainder of this document, a common time domain eICIC scheme for FDD and TDD for case (a) of Figure 1 is proposed, where, considering the problem identification in the way-forward [14], the focus is on the downlink control signals/channels.  
At previous RAN1 meetings, the method almost-blank subframe was discussed in [5-10] for eICIC of downlink control channels. Almost-blank subframe is effective in diminishing the interference resulting from the collision of PDCCHs between a MeNB and nearby HeNBs. However, almost-blank subframe is deficient in the following aspects: 

· It cannot resolve the collision of the synchronization signals (PSS/SSS) between MeNBs and HeNBs; so is the collision of PBCHs.
· As shown in [4, 11], the protection of PCFICH is important. The almost-blank subframe method cannot avoid the collision of common reference signals (CRS) of HeNB and PCFICH of MeNB. 
Time shifting (OFDM symbols shifting/subframes shifting), e.g. [10], between MeNB and HeNB can overcome the above two problems if the amount of shifting is carefully chosen. Thus, the use of almost-blank subframe and OFDM symbols shifting seems to have the largest potential to eliminate interference between a MeNB and nearby HeNBs. The amount of OFDM symbols shifting should consider the two shortcomings of almost blank subframe identified in the above bullets. 

In the following, we show some examples for the combination of almost blank subframe plus OFDM symbols shifting in both FDD and TDD modes. The assumptions used in the examples include 
· Normal cyclic prefix is used
· The number of OFDM symbols used for PDCCH is not larger than 3

· HeNB is equipped with one or two transmit antennas. Thus the CRS are transmitted in the first and fifth OFDM symbols in a slot.
2.2.1 FDD mode

An example for FDD mode is shown in Figure 2. Design rules of interference coordination are itemized.

· The offset between the frame boundaries of MeNB and HeNB is 13 OFDM symbols. MeNB’s and HeNB’s PSS/SSS and PBCH do not collide, and neither do MeNB’s PCFICH and HeNB’s CRS. 
· MeNB avoids scheduling PDSCH in those resource blocks of subframes 1 and 6 that collide with PSS/SSS and PBCH of HeNBs. 
· Some HeNB subframes shall be assigned as almost blank subframes to allow MeNB to send the PDCCH to victim MUEs in regions free from HeNB downlink signals. In this example, we choose subframes 4 and 9 in HeNBs as the almost blank subframes. Since the control region is at most 3 OFDM symbols, the CRS in HeNB subframes 4 and 9 do not collide with the control regions of MeNB subframes 5 and 0, respectively. 
· Due to HARQ processing, HeNBs shall not schedule PUSCH requiring after-4-subframe ACK/NACK in subframes 0 and 5 in the uplink since subframes 4 and 9 in the downlink are almost-blanked.
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Figure 2: An example of the combination of almost blank subframe plus OFDM symbols shifting in FDD mode.
2.2.2 TDD mode

As shown above, the method of almost blank subframe plus OFDM symbols shifting is a good candidate for the FDD mode. However, it has been argued that time shifting is not applicable to the TDD mode since it results in the mismatch of MeNB and HeNB transmission directions (uplink/downlink). Below, we give some examples to illustrate the feasibility of the method in TDD mode.

2.2.2.1 Example 1

In Figure 3, we show an example of applying almost blank subframe plus OFDM symbols shifting to TDD, in which the transmission directions mismatch of MeNB and HeNB is resolved by blanking the uplink subframe. Such an uplink subframe is called a blank subframe. 

[image: image2.emf]PBCH

11 OFDMA symbols

: Secondary synchronization signal (SSS)

: Primary synchronization signal (PSS)

: Physical broadcast channel (PBCH)

: Downlink data region

: Uplink region

: Downlink control region

MeNB

HeNB

: Almost Blank downlink region

: Blank uplink region

: w/o HARQ data downlink region

: MeNB avoid schedule victims

’

 data in this region

0 1 8 7 6 5 4 3 2 9

: Guard period

PBCH


Figure 3: An example of the combination of almost blank subframe plus OFDM symbols shifting in TDD mode. MeNB and HeNB have the same uplink-downlink configuration and special subframe configuration.
In the figure, the MeNB and HeNB have the same uplink-downlink configuration of 0 and the same special subframe configuration of 4. The designation of the interference coordination is summarized below.

· The offset between the frame boundaries of MeNB and HeNB is 11 OFDM symbols. MeNB’s and HeNB’s PSS/SSS and PBCH do not overlap; neither do MeNB’s PCFICH and HeNB’s CRS. 
· MeNB avoids scheduling PDSCH in resource blocks of subframes 1 and 6 that collide with SSS and/or PBCH of HeNB. Similarly, HeNBs do not transmit signals in resource blocks of subframes 0, 5, and 9 that collide with PSS/SSS and PBCH of MeNB. Note that, however, it will be shown in a bullet below that HeNB subframe 9 eventually becomes a blank subframe due to another consideration. 
· Subframes 2 and 7 of MeNB are for uplink. They overlap with the downlink of HeNB. Thus, these two subframes are assigned as blank subframes to avoid uplink-downlink duplexing interference. In order to maintain HARQ processing, MeNB shall not schedule PDSCH requiring ACK/NACK in subframes 1 and 6. 
· Similarly, subframes 4 and 9 of HeNB are for uplink, and they collide with the downlink regions of MeNB. So, these two subframes are assigned as blank subframes. To maintain HARQ timing, HeNB shall not schedule PDSCH requiring ACK/NACK in subframes 0 and 5.
· MeNB can send PDCCH to its victim MUEs in subframes 0 and 5 since the control regions therein are free from HeNB signals. 
2.2.2.2 Example 2
In the example shown in Figure 3, MeNB and HeNB have the same uplink-downlink configuration and special subframe configuration. It is proposed in [12, 13] that MeNB and HeNB may use different configurations. We agree with the proposal that
Proposal 3: The employment of different uplink-downlink configurations and special subframe configurations in TDD MeNB and HeNBs in HetNet should be considered.
Employing different configurations for MeNB and HeNB has the advantage of enhancing the flexibility of the patterns for interference coordination. In Figure 4, another example in TDD mode is shown, where the set of configurations of (uplink-downlink configuration, special subframe configuration) for MeNB and HeNB are (0, 5) and (1, 1), respectively.  
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Figure 4: An example of the combination of almost blank subframe plus OFDM symbols shifting in TDD mode. MeNB and HeNB have different uplink-downlink configurations and special subframe configurations.
The designation of the interference coordination is summarized below.

· The offset between the frame boundaries of MeNB and HeNB is 15 OFDM symbols. MeNB’s and HeNB’s PSS/SSS and PBCH do not overlap; neither do MeNB’s PCFICH and HeNB’s CRS. 
· MeNB avoids scheduling PUSCH in resource blocks of subframes 2 and 7 that collide with PSS/SSS of HeNB. Note that, however, these two subframes eventually become blank subframes in bullets below due to the mismatch of HeNB and MeNB transmission directions. Similarly, HeNBs do not transmit signals in resource blocks of subframes 0, 4, 5, and 9 that collide with PSS/SSS and PBCH of MeNB. Note that, however, HeNB subframes 4 and 9 eventually become almost blank subframes to allow MeNB to send PDCCHs to victim MUEs (the last bullet). 
· MeNB uplink portions of subframes 1, 6 and the entire subframes 2, 7 overlap with the downlink of HeNB. Thus, they are blanked to avoid uplink-downlink duplexing interference. In order to maintain HARQ processing, MeNB shall not schedule PDSCH requiring ACK/NACK in subframes 1 and 6. 
· Similarly, subframes 3 and 8 of HeNB are for uplink, and they collide with some downlink regions of MeNB. So, these two subframes are assigned as blank subframes. To maintain HARQ timing, HeNB shall not schedule PDSCH requiring ACK/NACK in subframes 4 and 9. However, note that, HeNB subframes 4 and 9 become almost blank subframes at the next bullet. 
· To allow MeNB to send PDCCH to its victim MUEs in subframes 0 and 5, HeNB subframes 4 and 9 are assigned as almost blank subframes. 
2.2.2.3 A common proposal for FDD and TDD modes
The above examples demonstrate the possibility of applying the eICIC method of almost blank subframe plus OFDM symbols shifting in TDD mode as long as the transmission directions mismatch is resolved by blanking the uplink subframe. We have the following proposal.

Proposal 4: Investigate the feasibility of adopting “almost blank subframe + OFDM symbols shifting” as the common solution for FDD and TDD modes. In TDD mode, when the transmission directions mismatch occurs due to symbols shifting, set the uplink subframe as a blank subframe.
3. Conclusion

In this contribution, we share some of our views on the eICIC scheme of FDD and TDD modes. Some proposals are suggested below. 
Proposal 1: Case (c) in Figure 1 is mitigated by means of HeNB power settings. 

Proposal 2: Apply the time/frequency domain eICIC scheme to case (a) of Figure 1 to compensate for the insufficiency of HeNB power settings in interference mitigation. 

Proposal 3: The employment of different uplink-downlink configurations and special subframe configurations in TDD MeNB and HeNBs in HetNet should be considered.
Proposal 4: Investigate the feasibility of adopting “almost blank subframe + OFDM symbols shifting” as the common solution for FDD and TDD modes. In TDD mode, when the transmission directions mismatch occurs due to symbols shifting, set the uplink subframe as a blank subframe.
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