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1. Introduction

At the RAN1#62 meeting, the following way forward was agreed [1] and a liaison statement (LS) was sent [2]. 
· Macro-Femto:
· Baseline

· 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

· Macro-Pico:

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

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

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

(*) if MBSFN is configured almost blank subframe does not contain CRS in the data region.
Furthermore, at the RAN#49 plenary meeting, the following way forward [3] was agreed upon.
· RAN1 will discuss details of time-domain ICIC messages and send LS to RAN2,3,4 at RAN1#62bis
· RAN3 will not discuss time-domain ICIC until LS is received from RAN1

· After LS is received from RAN1, RAN3 can discuss possible enhancements to ICIC procedure

· RAN2 work on time-domain solutions may continue in parallel on mobility aspects, but may depend on details according to RAN1 LS to be sent from RAN1#62bis

· RAN4 work on time-domain solutions may continue in parallel on general aspects, but may depend on details according to RAN1 LS to be sent from RAN1#62bis

· WID is not revised at RAN#49; completion date remains RAN#50

· RP-100994 is noted. 

· RAN#49 notes the progress made and work plan for the next quarter according to the LS from RAN1 (RP-100708)
Based on the agreements above, during this meeting (RAN1#62bis), RAN1 needs to agree on the details of time domain ICIC messages. In this contribution, we present our views on the details of time-domain ICIC as well as downlink power setting (power control) schemes for Rel-10.
2. Time-Domain Approach
2.1. Backhaul (X2) Signaling
Backhaul signaling to distinguish between an almost blank (AB) subframe and a normal subframe is required between macro-eNodeB and pico-eNodeB to protect the PDCCH/PHICH/PDSCH/PSS/SSS/MIB/SIB-1/Paging for the picocell. 
· Pattern periodicity
The following should be taken into account for the pattern periodicity of the time domain ICIC message:
· 8-msec pattern periodicity to protect the PHICH due to synchronous HARQ in the uplink
· 10-msec pattern periodicity to protect PSS/SSS/MIB/SIB-1/Paging using subframe offset [4]
Therefore, 40-msec periodicity is appropriate. 
Proposal 1: For time domain ICIC messaging on the backhaul, 40-msec pattern periodicity is specified to distinguish between an AB subframe and a normal subframe.
· Contents
Bitmap-based signaling similar to Rel-8 RNTP/OI/HII should be the baseline to indicate an AB subframe or a normal subframe. In addition, signaling of the number of CRS ports at the macro-eNodeB as already specified in RNTP would be beneficial to the pico-eNodeB so that it has knowledge of the effect of interference from macro-CRS at a pico-UE. Furthermore, introducing a threshold value as specified in RNTP to enable soft resource partitioning is FFS. 

Proposal 2: Bit map signaling and the number of CRS ports are signaled via X2 interface. 

· Combination with MBSFN subframe
The configuration of the MBSFN subframe with an AB subframe is beneficial in terms of interference reduction since the PDSCH region of the MBSFN subframe is CRS-free (although the MBSFN subframe can be configured only on subframes #/1, #2, #3, #6, #7, and #8). The MBSFN subfarme would be especially beneficial to ensure the reception of MIB/PSS/SSS/SIB-1 if the UE is not capable of CRS interference cancellation. Note that X2 signaling of the MBSFN subframe configuration already exists in Rel-9 [5]. However the receiving pico-eNodeB needs to distinguish if the MBSFN subframe is configured for MBMS transmission or ICIC, which would be a RAN3 issue.
Figure 1 shows example patterns of normal, AB, and MBSFN subframe configurations. Note that the examples assume that the picocell will apply a two-subframe shift (as shown in Fig. 5). Figure 1 is explained as follows:
· Subframe #2 (corresponding to subframes #0 in the picocell) is configured as AB + MBSFN subframes for protection of MIB/PSS/SSS in the picocell.

· Subframe #7 on even radio frames (corresponding to subframes #5 on even radio frames in the pico cell) is configured as AB + MBSFN subframes for protection of PSS/SSS/SIB-1 in the picocell. 
· Note that PSS/SSS in subframes #5 on odd radio frames can be protected by simply not scheduling PDSCH corresponding PRB since pico-PSS/SSS do not receive interference from macro-CRS.
· For uplink synchronous HARQ operation in the picocell, an 8 msec cycle AB subframe (or AB + MBSFN subframe for subframes #/1, #2, #3, #6, #7, and #8) is configured. As the pattern index increases, the number of 8-msec AB/AB+MBSFN subframe patterns increases. 
· Though not described in Fig. 1, subframes #1 on odd radio frames (corresponding to subframes #9 on even subframes in the pico cell) are additionally configured as AB + MBSFN subframe for protection of paging in the pico cell.

· Note that the network can configure paging is transmitted every other radio frames [6] (Section 7).

As shown in the example, an AB subframe pattern should be carefully defined considering uplink HARQ and protection of MIB, PSS/SSS, SIB1 and paging.

Proposal 3: An AB subframe pattern should be configured by taking into account the 8-msec cycle of uplink HARQ, as well as multiples of the 10-msec cycle of MIB, PSS/SSS and SIB-1.

Proposal 4: The MBSFN subframe configuration should be exchanged in addition to AB subframe configuration for time domain ICIC purposes.
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Figure 1: Example of normal, almost blank (AB), and MBSFN subframe configuration 
at macro-eNodeB for macro-pico ICIC scenario

· Restricting RLM/RRM measurements
The interfered UE is configured by its serving cells to perform measurements for RLM/RRM on restricted subframe(s), which prevents unnecessary RLF and accurate measurement results of RSRP/RSRQ. RAN2 needs to specify new signaling to indicate which subframes are to be measured. Bit-map signaling, e.g., 1 means “UE may measure” and 0 means “UE shall not measure,” with the same periodicity as the backhaul signaling can be applied, but the restriction pattern should be configured independently from the backhaul bit-pattern. 

Furthermore, measurement performance requirements need to be specified in RAN4. The requirements may be reused from those for Rel-8 TDD, since the measurement for RLM/RRM is only performed in the DL subframe. 

Proposal 5: New measurement signaling is defined in RAN2 and bit-map signaling with the same pattern periodicity as the backhaul signaling is applied. The measurement restriction is configured independently from the backhaul signaling.
· Restricting CSI measurements
In Rel-8, a UE may average channel and interference estimates over multiple subframes to derive a CSI feedback. Thus, when time domain ICIC is applied, the eNodeB should ensure that each UE feeds back CSI that is not averaged over protected and non-protected subframes since the interference level of these two types of subframes could be significantly different. Towards this aim, the following two alternatives are considered.

Alternative 1: eNodeB applies the same signaling format as the measurement restriction for RRM/RLM 

· Pros: UE can average the measured channel and interference over the protected subframes to enhance the accuracy.

· Cons: eNodeB can obtain the CSI feedback of only protected subframes unless the eNodeB additionally configures the UE to feedback CSI of non-protected subframes, which increases the overhead for measurement restriction signaling and CSI feedback.
Alternative 2: eNodeB restricts a UE to measure CSI averaged within a single subframe [7]. In this case, a UE can measure any subframes but is not allowed to average over multiple subframes to derive CSI feedback.
· Pros: eNodeB can obtain CSI feedback of both protected and non-protected subframes if the eNodeB appropriately configures the CSI feedback parameters (periodicity and subframe offset).
· Cons: CSI estimation accuracy may become degraded since a UE cannot average the CSI over multiple subframes. This should be investigated in RAN4.
· Protection of PCFICH

In addition to configuring the MBSFN subframes or the AB subframes, symbol shifting can ensure PCFICH detection as shown in Fig. 2(a). However, symbol shifting will instead cause interference to the PDSCH region of the interfered cells from the dominant interfering cell which will cause PDSCH throughput degradation. In addition, symbol shifting requires two MBSFN or AB subframes to be configured at the interfering cell to protect a single subframe at the interfered cells, which would be inefficient usage of radio resources.

Another solution is to specify semi-static CFI detection in RAN1 as shown in Fig. 2(b) [8]. There are two approaches.
· Define UE behavior where UEs always assume CFI as 3 OFDM symbols (for non-MBSFN subframe), when the PHICH duration is defined as extended (in MIB).
· RRC signaling for the PCFICH to be applied to the same CC.
Note this implicit CFI detection is non-backward compatible with Rel-8/9 UEs; however, this would at least ensure that Rel. 10 UEs can reliably detect the PCFICH.  

Proposal 6: Semi-static configuration of the PDSCH starting position should be specified to protect the PCFICH.
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Figure 2 – Protection of PCFICH
2.2. Example of Macro-Femto Scenario

In a macro-femto scenario, the macro UEs (not allowed to access the femtocell) near a femtocell suffer from severe interference from the femto-eNodeB. In order to protect the macro UEs near the femtocell, the following techniques are required as shown in Fig. 3. 
Although protection of the control channel (PSS/SSS/MIB/PCFICH/PHICH/PDCCH) is possible using backward compatible techniques (PCFICH can be protected by MBSFN subframes + symbol shifting), there is a possibility that the Rel-8/9 UEs may declare RLF if they monitor/measure subframes that are not protected from the femtocell. However, the time-domain approach can, at least, ensure connectivity of Rel-10 UEs, which can be configured with restricted RLM measurement.
Since the number of the macro UEs trapped in the femtocells is expected to be reasonably low,  it would be sensible to assume that the number of the AB subframes configured at the femtocells are to be reasonably small (2 subframes, #1 and #6 in Fig. 3). In this example, the trapped macro UE will still receive interference from the femtocell in the last two OFDM symbols in both subframes #1 and #6. This would be handled by using lower MCS levels with QPSK modulation. In addition, in this case the PHICH performance will be compromised since there are only two protected subframes for the macrocells, and thus the PHICH that must be transmitted on the other subframes will not be protected. 
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Figure 3 – Time-domain Solution for Macro-Femto
2.3. Example of Macro-Pico Scenario

As discussed in e.g., [9] - [13], the range expansion accompanied by eICIC is effective in improving the cell throughput and cell-edge user throughput. By applying range expansion, the range expanded pico UEs suffer from severe interference from the macrocell. The eICIC technique is then required for the range expanded pico UEs. As discussed in Section 2.1, the RRM/RLM measurement on restricted subframes is not a backward compatible solution. Therefore, range expansion is performed only for Rel-10 (and later release) UEs as shown in Fig. 4. As long as range expansion is not applied to Rel-8/9 UEs, they will not declare RLF. Note that the Rel-8/9 specification (Section 5.5.4.4 in [14]) allows us to set different offset/bias values for different UEs for RRC connected UEs. As discussed in Section 2.1, the MBSFN subframe + symbol shifting for PCFICH protection will cause additional interference from macro-PDCCH to pico-PDSCH. Semi-static CFI detection is beneficial in a macro-pico scenario to improve the PDSCH throughput by avoiding such interference. Figure 5 shows the time-domain approach in a macro-pico scenario. 
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Figure 4 – UE-specific range expansion
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Figure 5– Time-domain Solution for Macro-Pico

3. Downlink Power Setting

The downlink power setting (power control) is an effective technique in the macro-femto scenario, since it is backward compatible. There are proposals to define the femtocell measurement behavior [15], and power control formula [16], [17]. Possible impacts on the specification for downlink power setting are listed as below:

· Power control formula

· X2 signaling from macro-eNodeB to femto-eNodeB that contains the awareness of trapped macro-UEs and possibly measurement results of trapped UEs fed back to macro-eNodeB, e.g., RSRP between the trapped UEs and the femto-eNodeB that is measured at a macro-UE and fed back to the macro-eNodeB.

· New UE measurement 

Our view is that the power control formula should be left as an implementation issue, and defining new measurements for power setting and the new X2 signaling may be considered for a later release if proven beneficial.
4. Conclusion
In this contribution, we presented our views on eICIC schemes for Rel-10. Our proposals are summarized as follows.
Proposal 1: For time domain ICIC messaging on the backhaul, 40-msec pattern periodicity is specified to distinguish between an AB subframe and a normal subframe.

Proposal 2: Bit map signaling and the number of CRS ports are signaled via X2 interface. 

Proposal 3: An AB subframe pattern should be configured by taking into account the 8-msec cycle of UL HARQ, as well as multiples of the 10-msec cycle of MIB, PSS/SSS, SIB1, and paging.

Proposal 4: The MBSFN subframe configuration should be exchanged in addition to AB subframe configuration for time domain ICIC purposes.

Proposal 5: New measurement signaling is defined in RAN2 and bit-map signaling with the same pattern periodicity as the backhaul signaling is applied. The measurement restriction is configured independently from the backhaul signaling.

Proposal 6: Semi-static configuration of the PDSCH starting position should be specified to protect the PCFICH. 
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