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1 Introduction
When the pico eNB is range extended, the performance of downlink control channel for the pico UE suffers serious performance degradation if the pico and macro eNB are co-channel [1].  Several proposals have been provided to mitigate or avoid the interference between pico and macro environment for the control region.  A joint time-domain shifting and resource muting scheme proposed by Ericsson in [2] seems to be an interesting idea.  The basic idea is that macro and pico eNBs are not time domain aligned in frame level but in subframe level as shown in Figure 1.  Some of the resource blocks from macro and pico eNB are muted to ensure the successful decoding of control channel in pico UE (PUE) and macro UE (MUE), respectively.  However, in order to put this design into practice, some details are still missing.  In this contribution, we share some of the detail designs in the following section.
2 Design Consideration  
Configuration of Blank Subframe in Macro eNB
It is suggested in both [1] and [2] that the macro eNB can configure the blank subframe as MBSFN to avoid possible collision between macro and pico.  The UE-specific reference signal can be applied in PDSCH if MUE is allocated in the blank subframe.  The above scheme does necessitate more reference signal overhead since the reference signal in the MBSFN will not be used for channel estimation.  In addition, the MBSFN reference signal cannot be applied for radio link monitoring (RLM) for MUE either.  As a result, the RLM procedure in [4] may need modification as well as the number of MBSFN subframes goes up.  In fact, it may not be necessary to configure the blank subframe for macro as MBSFN as suggest in [3] if additional signaling scheme is supported.  More discussion for the blank subframe configuration is encouraged in RAN1. 
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Figure 1: Illustration of macro and pico eNB frame structure [2]
Proposal 1: RAN1 should discuss how to configure the blank subframe.
The number of blank subframe required depends on the cell-load of pico eNB.  For example, if more PUE are at the cell edge of pico, more blank subframes from macro eNB could be helpful.  However, having more blank subframes can affect the scheduling flexibility since it could lead to higher PDCCH blocking probability in the normal subframe.  Even though the blank subframes and normal subframes are interleaved within one frame as suggested in [2], more study is necessary to study the scheduling impact in both macro and pico eNBs.
Proposal 2: Impact of scheduling flexibility in both macro and pico eNB is encouraged to understand the proposed idea in [2].
Details of Cross-Subframe Scheduling
In the general LTE system, the downlink control region contains PCFICH, PHICH and PDCCH within the first several OFDMA symbols which are determined by the PCFICH.  In order to keep the downlink control channel region as “clean” as possible, it is our view that macro eNB should transmit as few downlink control signals as possible.  For example, PCFICH and PDCCH are omitted while the PHICH is kept to maintain the ACK/NACK timing requirement in the blank subframe.  In fact, PCFICH is not necessary in that blank subframe as long as the size of control region is predefined or signaled in advanced.    
Proposal 3: Macro eNB only transmits PHICH in the control region of blank subframe.
As we state in the previous subsection, macro eNB can allocate UE in the blank subframe with proper power control to avoid strong interference to the PDSCH of PUE at the cell edge.  To avoid unnecessary PDCCH collision between macro and pico, the scheduling information can be provided in the previous subframes.  It is suggested in [2] that the similar cross-subframe scheduling idea can be borrowed from DCI format design for the LTE-TDD mode.  Considering both scheduling flexibility and signaling overhead in the Rel-10 DCI design, it is a good idea to limit the range of cross-subframe scheduling as one subframe delay, i.e., we utilize one single bit in DCI to indicate if the grant should be delayed by one subframe as compared to the original timing.  In view of interference mitigation or avoidance, it is important to determine the starting position of PDSCH in the blank subframe so that PDSCH of macro will not collide with the PDCCH of pico. Therefore, it is straight forward to set the starting position of PDSCH in the blank subframe as the 4th (or 5th OFDMA symbols for the 1.4MHz carrier). Or we can simply fix the control region as 3 (or 4 OFDMA symbols for the 1.4MHz carrier) in every blank subframe. 
Proposal 4: Cross-subframe scheduling should be limited to one subframe delay as compared to the original timing.
Proposal 5: Control region size for the blank subframe (or the starting position of PDSCH in macro eNB) should be carefully selected to avoid possible collision between macro and pico eNBs.
3 Conclusion
In this contribution, we share some of our view point toward the recently proposed scheme for the non-CA based eICIC in [2].  Some proposals are also suggested below. 
1. Proposal 1: RAN1 should discuss how to configure the blank subframe.
2. Proposal 2: Impact of scheduling flexibility in both macro and pico eNB is encouraged to understand the proposed idea in [2].
3. Proposal 3: Macro eNB only transmits PHICH in the control region of blank subframe.
4. Proposal 4: Cross-subframe scheduling should be limited to one subframe delay as compared to the original timing.
5. Proposal 5: Control region size for the blank subframe (or the starting position of PDSCH in macro eNB) should be carefully selected to avoid possible collision between macro and pico eNBs.
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