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1. Introduction

At the RAN1#61bis meeting, following were agreed upon as 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
· 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
In this contribution, we present our views on eICIC schemes, i.e., time-domain approach and downlink power setting (power control) schemes for Rel-10 time frame.
2. Time-Domain Approach
2.1. eICIC Procedures
This section lists eICIC procedures using time domain resource partitioning and related technical components with the aim of minimizing the impact on the specifications.

· Protection of PSS/SSS/PBCH 

· A dominant interfering cell configures the MBSFN subframes or almost blank subframes [1]　using subframe shifting.
· For TDD, DL-UL configurations with 5-msec periodicity could be used with 5-msec shifting [2]. 
· Protection of PDSCH/PHICH/PDCCH

· A dominant interfering cell configures the MBSFN subframes and/or almost blank subframes.
· Time domain RNTP signaling on X2 must be defined in RAN3 so that the interfering cell can inform the interfered cells of which subframes are protected, or the interfered cell can request from the interfering cell which subframes are protected.
· The protection of PHICH is required, since the UL synchronous HARQ process should be ensured. This can be achieved by configuring the MBSFN subframes and/or almost blank subframes on every other subframe.
· The MBSFN subframes are more beneficial than the almost blank subframes in terms of interference reduction since its PDSCH region is CRS-free. However, the MBSFN subframe can be configured only on subframes #/1, #2, #3, #6, #7, and #8, which may make it difficult to achieve flexible resource partitioning between the interfering and interfered cells. Thus, the almost blank subframes must be combined with the MBSFN subframes.

· Protection of PCFICH

· In addition to configuring the MBSFN subframes or the almost blank subframes above, symbol shifting can ensure PCFICH detection as shown in Fig. 1(a). However, symbol shifting will instead cause interference to the PDSCH region of the interfered cells from the dominant interfering cell which will cause the PDSCH throughput degradation. In addition, symbol shifting requires two MBSFN or almost blank 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. 1(b) [3]. 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 PBCH).
· RRC signaling for the PCFICH to be applied to the same CC.
Note this implicit CFI detection is non-backward compatible to Rel-8/9 UE, however this would at least ensure the reliable PCFICH detection from Rel-10 UE. 
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(a) Symbol shift



          (b) Semi-static CFI value
Figure 1 – Protection of PCFICH
· Protection of SIB1 (Subframe#5) 

· The dominant interfering cell configures the MBSFN subframes at subframe#5 such that both control and data regions of subframe#5 can be reliably received at the interfered cells. 
· Protection of paging (Subframe #0, #4, #5, or #9)

· The dominant interfering cell configures the MBSFN subframe at least one of subframes#0, #4, #5, or #9 of the interfered cell to ensure at least one paging subframe is protected.
· Improvement in the measurements for RLM/RRM/CQI
· The interfered UE is configured by its serving cells to perform measurements for RLM/RRM/CQI on restricted subframe(s), which ensures preventing unnecessary RLF and accurate measurement results of CQI/PMI/RI and RSRP/RSRQ, etc. This solution is non-backward compatible with Rel-8/9 UEs; however we can ensure uniform UE behavior from Rel-10 UEs. In paticular, RLM and RRM would be more important to ensure the UE connectivity to the systems.
· Signaling needs to be specified in RAN2 to indicate which subframes are to be measured, and measurement performance requirements need to be specified by RAN4. The requirements may be reused from those for Rel-8 TDD, since the measurement for RLM/RRM/CQI is only performed in the DL subframe. 
· Therefore, a LS inquiring regarding the feasibility of performing the RLM/RRM/CQI in the restricted subframes should be sent to RAN4.

· Reduction of inter-cell CRS interference 
· The interfered UE performs CRS interference cancellation from the interfering cell. This is non-backward compatible with Rel-8/9 UEs; however we can ensure the protection of both data and control channels. 

· Performance requirements should be specified in RAN4. Therefore, a LS inquiring regarding the feasibility of reducing inter-cell CRS interference should be sent to RAN4.
2.2. Example of Macro-Femto Scenario

In macro-femto scenario, the macro UEs (not allowed to access to the femto cell) near a femto cell suffer from severe interference from the femto eNodeB. In order to protect the macro UEs near the femto cell, the following techniques are required as shown in Fig. 2. 
Although protection of the control channel (PSS/SSS/PBCH/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 which are not protected from femto. However, the time-domain approach can, at least, ensure the connectivity of Rel-10 UEs, if the new RRM/RLM is defined.
Since the number of the macro UEs trapped in the femto cells is expected to be reasonably small,  it would be sensible to assume that the number of the MBSFN subframes or almost subframes configured at the femto cells are to be reasonably small (2 subframes, #1 and #6 in Fig. 2). In this example, the trapped macro UE will still receive interference from the femto cell in the last two OFDM symbols both in subframe #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 macro cells, and thus the PHICH that must be transmitted on the other subframes will not be protected. 
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Figure 2 – Time-domain Solution for Macro-Femto
2.3. Example of Macro-Pico Scenario

As discussed in e.g., [4] - [8], 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 macro cell. The eICIC technique is then required for the range expanded pico UE. 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. 3. 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 [10]) 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 another additional interference from macro-PDCCH to pico-PDSCH. Semi-static CFI detection is beneficial in macro-pico scenario to improve the PDSCH throughput by avoiding such interference. Figure 4 shows the time-domain approach in a macro-pico scenario. It is noted that range expansion need only be considered for the RRC connected mode, the necessity for protection of PBCH/PSS/SSS is FFS.
[image: image3.emf]Range expansion

Pico-eNodeB

Macro eNodeB

Rel-10 UEs



Apply range expansion (Pico UE)

Rel-8 UEs



Not apply range expansion (Macro UE)


Figure 3 – UE-specific range expansion
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Figure 4 – Time-domain Solution for Macro-Pico

2.4. Proposal of Time-Domain Resource Partitioning Approach in Rel-10
Based on the discussion above, we need to specify the following for the time-domain approach
· Time domain RNTP

· Implicit PCFICH detection

· RLM/RRM in restricted subframes

· CQI measurement in restricted subframes

· Reduction of inter-cell CRS interference
The first 3 components are essential for time domain approach, and thus should be specified in Rel-10 time frame. The actual specification within the Rel-10 time frame should be determined by the LS from RAN4, since RAN4 is responsible for the main specification efforts. 
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 femto cell measurement behaviour [11], power control formula [12], [13]. 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-UE and possibly measurement results of trapped UEs feedback to macro-eNodeB, e.g., RSRP between the trapped UEs and the femto-eNodeB that is measured at macro-UE and feedback to macro-eNodeB.

· New UE measurement 

Our view is that the power control formula should be left as implementation issue, and defining new measurements for power control may be too challenging to be complete in the Rel-10 time frame. The new X2 signaling may be considered if proven beneficial.
4. Conclusion
In this contribution, we presented our views on eICIC schemes for the Rel-10 time frame.
· Time-domain approach

· The following should be specified for Rel-10 by the respective WGs to support basic time domain ICIC
· Time domain RNTP (RAN3)
· RLM/RRM/CQI measurement in restricted subframes (RAN2 and RAN4)
· Implicit PCFICH detection (RAN1)
· Reduction of inter-cell CRS interference (RAN4, performance requirement)
· Send LS to RAN4 to inquire regarding the  impact on the following items

· Feasibility of RLM/RRM/CQI measurement in restricted subframes for Rel-10 UEs, and cancellation of inter-cell CRS 
· Downlink power setting

· Power setting formula should be left as an implementation issue.
· No new UE measurement needs to be defined. 

· Backhaul signaling support of victim UE awareness is FFS. 
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