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1. Introduction
At the RAN1#62 meeting, the following were agreed upon as baseline of eICIC solution for macro-femto deployment [1].
· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

No further conclusions were made in RAN1#62b for macro-femto deployment. In this contribution, eICIC for Macro-Femto co-channel deployment in TDD system is discussed. On considering of interference avoidance of PDCCH/PDSCH/PBCH/PSS/SSS, one solution is proposed which combines the fake uplink subframe and subframe shifting.
2. Considerations for time domain Approach
With discussion on non-CA based eICIC design for Macro-Femto deployment in TDD system, the following aspects are required to be considered. Some existed solutions are also presented.
· Protection of PBCH/PSS/SSS
PBCH is used for transmitting broadcasting information and PSS/SSS is used for synchronization. Without eICIC, PBCH/PSS/SSS of Femto cell cause interference to those of Macro cell when the Macro UEs are near the Femto cell. Subframe shift/symbol shift and restricting scheduling were proposed to reduce the interference [2-5]. 
· Protection of PDCCH/PDSCH
The reliable transmission of PDCCH is vital for PDSCH. Without eICIC, the PDCCH of Femto cell causes severe interference to that of Macro cell when the Macro UEs are near the Femto cell. Many solutions were provided to solve this problem, either in time domain or frequency domain. The solutions in time domain were agreed as baseline in RAN1 #61b meeting. The popular solutions in time domain include almost blank subframe, MBSFN and fake uplink subframe [2-8]. 

For the solution of almost blank subframe, the interference of PDCCH in Macro cell is reduced by blanking the PDCCH in Femto cell [2]. However, CRS in Femto cell have to be transmitted for backward compatibility of Rel.8/9. This causes severe interference to PDCCH of Macro cell on account of power boosting for CRS. Many improved schemes are proposed [2-3]. 

For the solution of fake uplink subframe, only ACK/NAK feedback information is transmitted in fake uplink subframe [6]. This solution reduces the interference to the corresponding downlink subframe of Macro cell. Moreover, there is no CRS interference by using uplink fake subframes. However, this method needs different DL/UL configurations between Macro and Femto cell and can only be applied to TDD system.   
· Protection of paging

Paging message is transmitted in subframe 0,1,5,6 in TDD system [2, 3]. To guarantee the reception of system paging message, at least one of 0,1,5,6 subframes needs to be protected. As a solution, the blank subframe or fake uplink subframe could be appropriately used to protect the paging message.
3. An eICIC solution for TDD system
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Figure 1 Scheme 1 with Uplink fake subframe and subframe shift

With the above considerations, one eICIC solution for TDD system is proposed. Firstly, Femto cell and Macro cell are configured with different DL/UL subframe configuration. Then, a certain number of subframes are shifted in Femto cell. The interference to PBCH/PSS/SSS is eliminated by restricting the usage of resource in Femto cell, which aligns with PBCH/PSS/SSS of Macro cell. Lastly, fake uplink subframes of Femto cell are configured to reduce the interference to downlink subframes of Macro cell. The Macro UEs near Femto cell could be scheduled in the downlink subframes corresponding to the fake uplink subframes. By this way, the interference to PDCCH/PDSCH/PCFICH/PHICH of Macro cell is reduced. To further illustrate the solution, two examples are given.    
Figure 1 gives one example for the configuration with 5ms downlink to uplink switching period. Firstly, the Femto cell and Macro cell are configured as configuration 0 and configuration 6, respectively. Then, 5 subframes are shifted in the Femto cell. To eliminate the interference to the PBCH of Macro cell, the corresponding region in the fifth subframe of the Femto cell is restricted when scheduled. Lastly, the fourth uplink subframe is configured as fake uplink subframe in the Femto cell, which reduces the interference to PDCCH/PDSCH/PCFICH/PHICH in the ninth subframe of Macro cell. And the Macro UE near Femto cell could be scheduled in the ninth subframe. Generally, the method of combining fake uplink subframes and shifting 5 subframes could be extended to other configurations with 5ms downlink to uplink switching period. 
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Figure 2 Scheme 2 with Uplink fake subframe and subframe shift

Figure 2 gives another example. In this example, not only PDCCH/PDSCH/PBCH but also PSS/SSS in Macro cell are protected. Firstly, the Femto cell and Macro cell are configured as configuration 0 and configuration 1, respectively. Then, 4 subframes are shifted in the Femto cell. To eliminate the interference to the PBCH of Macro cell, the corresponding region in the sixth subframe is restricted when scheduled. The SSS of Macro cell occupies 72 central REs in the last OFDM symbol in UpPTS. With proper RRC configuration, this region could be protected by limiting usage in Femto cell. Lastly, the second subframe and seventh subframe of Femto cell are configured as fake uplink subframes. These two subframes correspond with the first and the sixth subframe of the Macro cell after shifting. The downlink information for Macro UE near Femto cell is transmitted only in these two subframes. Moreover, the paging information could be transmitted in these two subframes. Compared with scheme 1, this scheme could further eliminate the interference of PSS/SSS and paging channels.     

Based on the above discussion, our proposals are as follows for TDD system.   
Proposals:
· For TDD, joint usage of fake uplink subframes and subframe shifting is preferred so that interference to PDCCH/PDSCH/PBCH/PSS/SSS could be reduced by properly designing the number of subframe shifting for different subframe configurations.
4. Conclusions
Based on the above discussion, our proposals are as follows.
· For TDD, joint usage of fake uplink subframes and subframe shifting is preferred so that interference to PDCCH/PDSCH/PBCH/PSS/SSS could be reduced by properly designing the number of subframe shifting for different subframe configurations.
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