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1. Introduction

At the RAN1#62bis meeting, details regarding the time-domain extension of Rel. 8/9 backhaul-based ICIC was discussed and way forwards [1] were agreed upon. One remaining issue in RAN1 pertains to the details of the structure for restricted CSI measurements as described in [1]:

· UE is signaled regarding across which resources that interference can be averaged for CSI reports
· Details regarding how to modify the 36.213 CQI definition are FFS

· Signaling details are FFS in RAN1

· Performance requirements are FFS in RAN4
Furthermore, the potential gains from cell range expansion (CRE) were discussed and the following suggestions for further techniques that could be beneficial were described.

· IC (at least CRS; also consider PBCH/PSS/SSS/SIB1) at the UE 

· Transmit side RE muting 

· Semi-static indication of PCFICH value

In this contribution, we present our views on the details of restricted CSI measurements and the techniques for CRE. 
2. Restricting CSI Measurements
For a Macro-Pico scenario, bitmap signaling is used to indicate an Almost Blank Subframe (ABS) pattern used from a macro-cell to pico-cell. When time-domain ICIC is applied, non-uniform CSI-RS quality among subframes occurs for the pico UE as illustrated in Fig. 1. For pico-UEs closer to the pico-cell edge, only the CSI of suframes protected by macro-ABS would be useful considering the pico-eNB scheduling of these UEs. Meanwhile, for pico-UEs closer to the center of the pico-cell, CSI of both protected and non-protected suframes would be useful. We believe that the pico-eNB should obtain accurate CSI for at least the protected subframes with a reasonable duty cycle, but it might be further beneficial if the pico-eNB obtains the CSI for both protected and non-protected subframes. 
Proposal:  Pico-eNB should obtain accurate CSI for at least protected subframes with a reasonable duty cycle. It might be further beneficial if the pico-eNB obtains the CSI for non-protected subframes as well.
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Figure 1 – CSI on protected and non protected subframes
In Rel. 8, a UE may average interference estimates over multiple subframes to derive a CSI feedback. Thus, when time domain ICIC is applied for Rel. 10 UE, 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 goal, the following two alternatives are considered.

Alternative 1: UE can average CSI over multiple subframes.

In this case, RRC signaling contains the CSI measurement subframe locations, which should coincide with ABSs in the macro cell. RRC signaling for RRM/RLM measurement can be reused.
· Pros: CSI estimation accuracy would be increased due to interference averaging. This would be beneficial if the pico cell is located at the cell edge of the macro cell, where the pico cell receives interference from other uncoordinated macro cells. In addition, interference averaging over multiple subframes might be beneficial since the current RAN4 test forces a UE not to average interference over the entire band [2].  
· Cons: eNodeB can obtain the CSI feedback of only protected subframes if RRC signaling for RRM/RLM is reused.

To obtain the CSI of non-protected subframes, the pico-eNodeB can configure another CQI feedback with RRC bit map information coinciding with the normal subframe in the macro-cell. This would increase the CSI-RS overhead. Another alternative is for the UE to feed back the offset value between protected and non-protected subframes using a higher layer signaling. This would reduce the overhead, while the pico-eNodeB would roughly know the channel states of the non-protected subframes.
Alternative 2: eNodeB restricts a UE to measure CSI averaged within a single subframe [3]. In this case, a UE can measure any subframe but is not allowed to average over multiple subframes to derive the CSI feedback.

· Pros: eNodeB can obtain CSI feedback of both protected and non-protected subframes using a single CSI feedback configuration if the eNodeB appropriately configures the CSI feedback parameters (periodicity and subframe offset). Figure 2 shows an example where 2 out of 8 CSI feedbacks correspond to the CSI for non-protected subframes.
· Cons: CSI estimation accuracy may become degraded since a UE cannot average the CSI over multiple subframes. 
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Figure 2 – CSI measurement restriction on a single subframe: Interference cannot be averaged over multiple subframes
Observation: CSI feedback accuracy should be ensured choosing one of the two alternatives.
Figure 3 illustrates CSI measurement using the CSI-RS. In this example, both pico-cell and macro-cell use a 10 msec CSI-RS duty cycle, and muting is applied in the macro-cell such that the pico-cell can receive its own CSI-RS. In order to compute the CSI for the protected subframes, the UE must measure interference either from (1) the CSI-RS REs on the CSI-RS subframes, or (2) the CRS REs on different subframes from the CSI-RS subframes that coincide with ABSs for the macro-cell. The latter would be a more reasonable assumption since the RAN1 simulation assumption is to use CRS on interference estimation [4]. Note that as shown in the bottom of the Fig. 3, interference measured in the CRS REs on the CSI-RS subframe will not represent the CSI of the protected subframe. Thus, the UE needs to measure “signal” and “interference” parts on different subframes to estimate the CSI for the protected subframes. On the other hand, the CSI of the non-protected subframe, if needed, is obtained by measuring the interference on the CSI-RS subframes.

 (Note that muting would not be necessary at macro-cell if the CSI-RS is sent in the 0-th subframe in the pico-cell. However, this will cause the CSI-RS of the pico-cell always collide with the MIB, and thus it is not an appropriate configuration.)
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Figure 3 – CSI measurement with CSI-RS with muting
Figure 4 shows another example of CSI measurement using the CSI-RS. In this example, the pico-cell uses an 8 msec duty cycle such that its CSI-RS coincides with the ABS in the macro-cell. Although this configuration does not require muting in the macro cell, the CSI-RS in the pico cell partially collides with the MIB and paging. In order to compute the CSI for the protected subframes, CSI measurement is restricted over the CSI-RS subframes all of which coincide with the ABS in the macro-cell. Thus, “signal” and “interference” parts are estimated on the same subframe for the CSI for the protected subframes. If the CSI of the non-protected subframes is needed, the UE must measure the interference on subframes different from the CSI-RS subframes coinciding with the normal subframe in the macro-cell.
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Figure 4 – CSI measurement with CSI RS with 8 msec duty cycle

As seen in the examples above, the UE must measure the CSI appropriately for various configurations determined based on the ABS pattern and CSI-RS periodicity. Towards this goal, we propose the following interference estimation mechanism.
Proposal: CQI definition and RAN4 test specification should ensure that the UE could measure the interference in the restricted subframes, which can be different from CSI-RS subframes. 
3. Protection of PCFICH

In addition to configuring the MBSFN subframes or the ABSs, symbol shifting can ensure PCFICH detection as shown in Fig. 5(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. 5(b) [5]. 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: Semi-static configuration of the PDSCH starting position should be specified to protect the PCFICH.
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(a) Symbol shift



          (b) Semi-static CFI value
Figure 5 – Protection of PCFICH
4. Conclusion
In this contribution, we presented our views on eICIC schemes for Rel. 10. Our proposals are summarized as follows.

Proposal:  Pico-eNB should obtain accurate CSI for at least protected subframes with a reasonable duty cycle. It might be further beneficial if the pico-eNB obtains CSI for non-protected subframes as well.
Proposal: CQI definition and RAN4 test specification should ensure that the UE could measure the interference in the restricted subframes, which can be different from CSI-RS subframes. 
Proposal: Semi-static configuration of the PDSCH starting position should be specified to protect the PCFICH.
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