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1 Introduction
In the RAN3 #75 and in the mail discussion [#07: UL Interference solutions for Carrier Based HetNet], several solutions were discussed to solve the UL interference problems for carrier based HetNet. Among the discussions, whether the ABS mechanism is helpful for the UL interference coordination is unclear. In this paper, we share our view on this issue.
2 Discussion
In Rel-10, Almost Blank Subframe (ABS) had been introduced as a time domain ICIC solution. ABS are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity, where ABSs in an aggressor cell are used to protect resources in subframes in the victim cell receiving strong inter-cell interference [1]. Although in Rel-10, the ABS discussions were mainly focused on the coordination of DL subframes, the nature behaviour of ABS application also provides the coordination on the UL subframes. 
If the macro cell eNB configures ABS in subframe n, assuming that the ABS are transmitted without PDCCH from macro, then there is no uplink activity in the macro at subframe n+x, where x is equal to 4 in FDD, and the value of x depends on UL/DL configuration in TDD.
We demonstrate the idea with an example in FDD. In Figure 1, an ABS bitmap is configured to macro eNB. In DL subframes 1 and 3, macro eNB only transmits the necessary control channels and physical signals; no UL grant is sent so that there is no UL transmission from macro UE in UL subframes 5 and 7. On the other hand, pico eNB can transmit UL grants for pico UEs at subframes 1 and 3 so that the UL activities from pico UEs take place in the corresponding subframes 5 and 7 without UL interference from macro UEs.
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In Rel-11, the reduced power ABS is under discussion in RAN1. Macro eNB is allowed to communicate with cell-centre macro UEs with reduced power in ABS. Even so, it won’t cause severe UL interference to pico UE because the cell centre macro UE should use smaller power to communicate with macro eNB. 
Observation: The ABS mechanism provides UL interference coordination naturally.  

If pico eNB is aware of UL interference from macro UEs to pico UEs, it can re-schedule the interfered pico UE to the UL subframes for which there is no interference from macro UE, i.e. those UL subframes corresponding to ABS, e.g. UL subframes 5 and 7 in the above figure. 

Proposal 1: RAN3 is to consider ABS mechanism as one of the solutions for UL interference protection in carrier based HetNet.
Proposal 2: RAN3 is to capture the following text proposal in the “Carrier Based HetNet ICIC for LTE” TR.

                                ***Begin of change***                                                                                                                        
4.B.2.2 Pico-based solution
In this solution pico is responsible of interference management, because Pico knows which PUEs are interfered, Pico can re-schedule the PUEs and/or use proper power control for PUEs directly. 

Solution 2a.
Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)
In case the Pico is aware of UL interference from MUEs, the Pico re-schedules the interfered PUEs to other resources and avoid schedule PUEs on the interfered resources; the other resources could be on the same carrier or different carriers:
· Other PRBs where the strong UL interference does not occur. 

· Other PRBs with low interference sensitivity by other nodes, i.e. HII value from other nodes is equal to “0”. 
· Other UL subframes where the UL grants come from ABSs.
                                  ***End of change***                                                    
3 Conclusions
The ABS mechanism has been discussed for the UL interference coordination. The observation and proposals are made as follows. 
Observation: The ABS mechanism provides UL interference coordination naturally.  

Proposal 1: RAN3 is to consider ABS mechanism as one of the solutions for UL interference protection in carrier based HetNet.
Proposal 2: RAN3 is to capture the following text proposal in the “Carrier Based HetNet ICIC for LTE” TR.

                                ***Begin of change***                                                                                                                        
4.B.2.2 Pico-based solution
In this solution pico is responsible of interference management, because Pico knows which PUEs are interfered, Pico can re-schedule the PUEs and/or use proper power control for PUEs directly. 

Solution 2a.
Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)
In case the Pico is aware of UL interference from MUEs, the Pico re-schedules the interfered PUEs to other resources and avoid schedule PUEs on the interfered resources; the other resources could be on the same carrier or different carriers:
· Other PRBs where the strong UL interference does not occur. 

· Other PRBs with low interference sensitivity by other nodes, i.e. HII value from other nodes is equal to “0”. 
· Other UL subframes where the UL grants come from ABSs.
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