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1
Introduction
In RAN1#61bis (Dresden), the following conclusion was reached on the enhanced ICIC mechanisms: 

Conclusion:

Solutions for macro-femto deployment:

· 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

2
Applicability to Macro-Pico Scenario

Several contributions including [1][2][3] and references therein, indicate that plain co-channel deployed Macro-Pico system do not strictly require new Rel-10 ICIC schemes. Some of the references ([1][2]) also indicate that the Macro-Pico performance can be further improved by adopting simple techniques such as eNB deboosting and Pico Transmit Power setting, and also by using moderate offset values for cell-selection (also known as Range Expansion bias or cell selection bias). 
Reference [1] shows performance of HetNets with Macro eNBs and Pico-cells with realistic control channel modelling. It concludes that Rel-8 control channels work satisfactorily for such HetNets. Moreover, [1] also shows that Reuse 1 with moderate cell selection offset and appropriate Macro-cell eNB deboosting yields the best throughput performance and should be the focus of future study. Such techniques may be completely transparent to the UEs and hence are backwards-compatible, allowing Rel-8 UEs to enjoy the performance benefits of Pico deployments. Therefore, there is no strict need or motivation for applying time-domain solutions such as time-domain resource partitioning for Macro-Pico case on top of the existing Rel-8 ICIC mechanisms.
3
Frame/Symbol Offsets
Time-shifting based interference mitigation (time-offset in conjunction with RE muting) has been discussed in [4] for FDD and in [5] for TDD. A similar time-shift proposal for Relays is shown in [6]. The Femto-eNB avoids interfering with a Macro-UE’s PDCCH reception by creating transmissions gaps, e.g. via MBSFN subframe. An example is shown in Figure 1 below. In this case however, there may two potential scenarios 
· Femto PDCCH interference to Macro-UEs’ PDSCH region

The impact on PDSCH puncturing can be evaluated by accounting for the number of punctured symbols and computing the resultant lower code rate. The number of punctured REs in the PDSCH region is reduced if only a small number of CCEs (1 or 2) is used in the femto control region and by choosing a minimum PHICH allocation. Given the situation of femto to macro UE interference occurs when macro UE is in the same home as the closed subscriber group(CSG)femto and where the CSG femto is nearer to the macro cell edge, such Macro-UE may be scheduled with a low MCS, for which the impact of femto’s PDCCH transmission on the Macro-UE PDSCH may be small. Alternatively, Rel-10 UE could potentially use a shortened or punctured PDSCH. 
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Figure 1 - Symbol Shifting for FDD to avoid Femto-to-Macro PDCCH region. 
A more detailed possibility (See Figure 2) is for Femto to use frame and symbol offsets with multiple MBSFN frames to avoid any Femto interference to macro UE's CRS/PDCCH/PHICH/PCFICH/SCH/PBCH.  In the example, a timing shift of one subframe and two OFDM symbols is used. Femto subframe#6 is also MBSFN subframe since otherwise a CRS symbol collides with one of the SCH (S-SCH/P-SCH) symbols of macro subframe#5. Note interference to SCH of macro subframe#5 could have been avoided by not scheduling the inner six PRBs of femto sub frame#6 if a timing shift of only a single subframe had been used but then only 1 or 2 control region symbols would be interference free. 
Regarding RLM, it is possible to modify the RLM procedure for a UE experiencing very large interference. For instance, a macro-UE detecting a strong interferer may do RLM in a subset of subframes e.g. in subframe 0 (or more subframes for FDD) of the macro-cell. 

Macro UE measurements could be used to trigger (via macro to femto signaling over X2 or other backhaul signalling) the use of MBSFN frames by the femto.  For four transmit antennas a minimum of 2 OFDM symbols for control is needed for MBSFN subframes. The second OFDM symbol (containing CRS) may interfere with one OFDM symbol carrying PBCH and it is possible for a Rel-10 UE to rate-match around the interfered REs that also carry PBCH.  Alternatively, 2 CRS are configured and UE specific reference symbols can be used to allow for more than 2 transmit antennas. Another alternative is a timing offset of only a single subframe which avoids 2nd control region OFDM symbol from interfering with PBCH.
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Figure 2 - Femto-to-Macro UE PDCCH interference mitigation.  
Figure 3 shows an illustration of Frame timing for TDD, wherein the femto DL subframe is shifted by four OFDM symbols relative to the Macro-eNB’s DL subframe. As shown in the figure, the femto cell may be required to mute some REs carrying PBCH to avoid interfering with the Macro Sync channel. The Macro-eNB may have to puncture PDSCH coinciding with the femto PDCCH transmissions, while the femto is lightly-scheduling its PDCCH. This solution facilitates HetNet TDD deployments without requiring absolute synchronization and hence can be captured as a HeNB (or femto) requirement in RAN4 as described in [5].

Other solutions exist for TDD. For symmetric DL-UL configurations with 5 ms periodicity (i.e., TDD configurations 0, 1, 2), the HeNB timing can be shifted by five subframes plus an integer number of OFDM symbols to achieve no overlap for both control and PBCH/SCH regions. Another solution is to consider co-channel deployment with partial bandwidth overlap (Macro using 10 MHz, and femto occupying 5 MHz with partial overlap) and RE muting. 
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Figure 3 - Femto-to-Macro UE PDCCH interference mitigation for TDD DL/UL Configuration 1. 
In general, time-domain solution (via signalling of Almost Blank subframe or lightly-scheduled subframe) is by itself not useful. To be effective, it can require several other modifications, modifying almost all system aspects as noted in the Specification Impact Section of [8] including cell acquisition and selection, measurements, channel feedback, receiver processing, etc and mandating Interference Cancellation receivers.
4
Lightly-Scheduled and MBSFN Subframes

In Dresden RAN1 meeting, some time-domain solutions were discussed [7][8]. In this section the details of lightly-scheduled subframes are re-described.
· Lightly-scheduled subframes (e.g. MBSFN subframes) are fully backward compatible and characterized by lightly-scheduling transmissions on the PDCCH/PDSCH/PCFICH/PHICH channels in the corresponding subframe

· Example: On the backhaul, eNB can signal actual CCE usage (e.g. actual PCFICH) and an over-dimensioned CCE usage (e.g. over-dimensioned PCFICH) in time-domain for coordination on the control channels. 

· No impact on SIB transmission, Paging transmissions, PBCH transmissions, P-SCH/S-SCH transmissions. SIB/Paging scheduling other than legacy (i.e. SIB-1 in subframes 0 and 5 in even Radio Frames) is left up to eNB implementation. No change to UE behaviour. 

· CRS transmission occurs in all sub frames 

· CRS transmissions in the data region avoided if a subframe is configured as MBSFN sub frame 

· PCFICH transmission in all sub frames, although possible to avoid PCFICH transmission e.g. by signalling maximum PHICH duration or declaring MBSFN subframe.  No change to UE behaviour.

· PHICH transmissions in all sub frames as required e.g. PDCCH transmission occurs, or for UL scheduling. Left up to eNB implementation. No change to UE UL HARQ behaviour
· MBSFN subframe: – backhaul signalling only needs to convey MBSFN configuration between coordinated nodes.

· Use subframe-level offsets so that PBCH and PSS/SSCH of HeNB do not overlap with MNB’s. Leave unallocated those six HeNB resource blocks that overlap with MNBs PBCH and PSS/SSCH.

· OFDM symbol shift combined with MBSFN subframes to avoid CRS interference to PDCCH region

· Example: Assume Femto DL is time aligned with macro-cell.  Shift Femto downlink subframe by k OFDM symbols relative to macro-cell downlink subframe so that no overlap in their control regions. Macro-cell attenuates or mutes symbol(s) in its PDSCH region that overlap the HeNB control region.  Macro-cell attenuates or mutes PRBs in PDSCH region that overlap SCH or PBCH. 

In [8], an Almost Blank subframe was described as follows :  “Almost blank subframes are fully backward compatible and characterized by lack of unicast transmission on any physical channel”. Transmission of physical signals and physical channels carrying MIB, SIBs and paging messages are in accordance with Rel-8 and PCFICH is transmitted only when accompanied by a PDCCH transmission. However, the definition of unicast transmissions could lead to confusion, e.g. in the case of PHICH channels. Thus, it is proposed to add a clarification of whether PHICH is sent in an Almost blank subframes. If PHICH is not sent, then it can impact the UL HARQ procedure in the UE, especially to Rel-8 UEs and also possibly Rel-10 UEs.  
Another difference between an Almost Blank subframe and Lightly-scheduled subframe is that in the latter the PCFICH is sent in every subframe. It is possible to reduce the impact of interference on PCFICH detection by signalling a maximum PHICH duration (of 3) in the MIB, and allowing UE receivers to take advantage of this information. This is a simple and effective solution and so far there is no need for defining additional new RRC signalling for PCFICH transmissions.
Using lightly-scheduled subframes, Macro and Femto can coordinate transmission on the control channel resources. As mentioned in the definition above, the Macro and Femto can exchange actual and over-dimensioned CCE usage. In another approach, in lightly scheduled subframe, the femto may be allowed to only schedule in the common search space, a fixed number of grants using a fixed or limited number of CCEs , which is possible given the femto serves a small number of users. This information would help a Macro to schedule its Macro-UE close to the femto cell, or alternatively, the macro-UE could rate-match (or puncture) its received PDCCH around the femto common search space to discard high interference REs. 
In general, time-domain solution (via signalling of Almost Blank subframe or lightly-scheduled subframe) may by itself not be very useful to a UE experiencing very high interference. To be effective, it requires modifying almost all system aspects as noted in the Specification Impact Section of [8] including cell acquisition and selection, measurements, channel feedback, receiver processing, etc and mandating Interference Cancellation receivers for processing all physical signals and channels, which have significant impact on complexity. Therefore, it is important to continue evaluating and refining the time-domain solution while carefully studying the potential complexity and specification impact. 
5
Conclusions
Regarding Co-channel eICIC schemes we propose to consider:

· Time shifting with Lightly schedules subframes (unicast and MBSFN) for FDD
· Time shifting also possible for TDD

· Carefully evaluate time-domain solution (with Almost Blank subframe or lightly-scheduled subframe) with respect to complexity and need for interference cancellation. Also, it is necessary to clarify whether PHICH transmissions are allowed in Almost Blank subframe. 

· A plain co-channel deployed Macro-Pico system does not strictly require new Rel-10 ICIC schemes.
In general for Macro-Femto, time-domain solution (via signalling of Almost Blank subframe or lightly-scheduled subframe) may by itself not be very useful to a UE experiencing very high interference. To be effective, it requires modifying almost all system aspects as noted in the Specification Impact Section of [8] including cell acquisition and selection, measurements, channel feedback, receiver processing, etc and mandating Interference Cancellation receivers for processing all physical signals and channels, which have significant impact on complexity. Therefore, it is important to continue evaluating and refining the time-domain solution while carefully studying the potential complexity and specification impact. 
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