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1 Introduction
In the last RAN1#62bis meeting, the followings were agreed for the Rel-10 eICIC:
· Macro-Femto: 
· Baseline

· 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 

Based on the above agreements, restricting measurements to certain subframe resources should be supported in Rel-10 and this is presumed to be done in combination with time domain ICIC. Also, information on almost blank subframes should be communicated between macro and pico nodes to facilitate the time domain ICIC. The main focus of this contribution is to discuss the standard impacts of the measurement restriction and coordination of almost bland subframes between macro and pico nodes. Taking into account the limited time until the target completion date of the Rel-10 eICIC WI, minimizing the standard impact is crucial and in this regard, we propose minimal components for the Rel-10 standards necessary to support the time domain ICIC.
2 Measurement restriction for time domain ICIC
In Macro-Pico heterogeneous network scenarios, the macro cell can cause strong interference to the UEs served by a pico cell, especially the pico UEs on the edge of the serving pico cell. With time domain ICIC, the interfering macro cell provides subframes, so called almost blank subframe (ABSF), protected from the dominant interference due to the macro cell, by not transmitting any DL control and data channels except for the CRS. Figure 1 shows an exemplary configuration of ABSFs in the macro cell in a Macro-Pico scenario.
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Figure 1. An exemplary configuration of ABSF in Macro-Pico scenarios.
In the figure, the macro cell configured subframes #2 and #6 as ABSF and this information can be indicated to the pico cell via backhaul. Based on the information, the pico cell can schedule its UEs, especially the UEs on the boundary of the macro and pico cells, only at ABSFs. If these UEs are to be scheduled only at ABSFs, it is natural that CSI measurement is only made in those ABSFs. However, it is noted that RAN4 is working on refining the definition of the CSI measurement and depending on the progress in RAN4, it may not be necessary to include any support for the restricted measurement for CSI in the Rel-10 standard. The measurement restriction for RLM (Radio Link Monitoring) is mainly for avoiding the erroneous declaration of radio link failure in non-ABSFs where dominant interference comes from the macro cell where the pico cell resides. Thus, performing the RLM measurement only in ABSFs is desirable for the pico UEs on the boundary of the macro and pico cells. 

On the other hand, support of measurement restriction for RRM (Radio Resource Measurement) seems more complicated than CSI and RLM measurements which are only done for the serving cell. When a pico UE on the pico cell edge does RRM for the serving pico cell, the measurement should be done only in the ABSFs, as the pico UEs will not be served for DL data transmission in non-ABSFs in practice due to the interference from the macro cell. On the other hand, when the pico UE does RRM for non-serving cells, the measurement can safely be done in non-ABSFs as well as ABSFs. However, doing the RRM measurements only in ABSFs for both serving and non-serving cells can simplify the measurement procedure and the relating specification. 
For the UEs served by the macro cell, especially the macro UEs on the boundary of the macro and pico cells, it is beneficial for the macro UE to do the measurement for the neighbor pico cell only in ABSFs considering the possibility that the UE is handed over to the pico cell. Then, although the measurement for the serving macro cell can safely be done in non-ABSFs as well as ABSFs, it can simplify the measurement procedure and corresponding specs for the macro UE to do the RRM for both serving and neighboring cells only in ABSFs.
Below, we summarized our proposals on the measurement restriction, which seems mostly relating to RAN2 specifications. Both aspects to minimize the impact on the specifications and to well support the time domain ICIC were taken into account.
Proposal 1: A single identical restricted set of subframes is configured for all measurement purposes
As discussed above, it is desirable for both pico and macro UEs, especially the UEs on the border of the macro and pico cells, to perform measurements only in ABSFs. Although RLM measurement by the macro UEs can safely be performed in any macro subframes, the impact on the relating specifications can be minimized by using the same single pattern for all those measurements.
Proposal 2: Both normal and MBSFN subframes can be configured as ABSF
If only MBSFN subframes are allowed to be configured as ABSFs, a clear benefit is that there would not be any interference from the macro cell to the DL data transmission in the pico cell, and this can significantly improve the cell splitting gain. However, this restriction will reduce the amount of subframes to use for MBMS service. It is noted that MBSFN subframes can be dedicatedly used for PRS transmission and Un (backhaul) transmission to relay nodes as well. Also, the restriction will create more impact on UL synchronous HARQ operations in pico cells, as it will be more difficult to keep the occurrences of ABSFs to every 8 ms as much as possible.
Proposal 3: The measurement restriction is UE specific and the restricted set of subframes for measurement is indicated via high layer signaling in a UE specific manner
The measurement restriction is crucial for the pico UEs on the boundary of the macro and pico cells, but this is not the case for the pico UEs near to the pico node and many macro UEs. Thus, it should be supported that the measurement restriction applies selectively to the UEs in need of it by the serving cell’s decision. The measurement restriction can be configured semi-statically because mobility support does not need to be dynamic as in the case of Rel-8/9. The restricted set of subframes for measurement can also be indicated via high layer signaling in a UE specific manner
Proposal 4: The pattern period of the restricted set of subframes is 40 ms
Although not so evident in Figure 1, once ABSFs are configured in DL, it can be assumed that there would not be UL transmissions from macro UEs in the UL subframes with 4 ms difference from the respective DL ABSFs in FDD because UL grants would not be transmitted in ABSFs. Then, considering the synchronous HARQ with 8 ms RTT in FDD UL, it is beneficial to allow configuring ABSFs with 8 ms period to support retransmission in pico UL subframes with being protected against possible interference from macro UEs. In TDD systems, HARQ RTT can be different depending on uplink-downlink configurations and for respective subframes. If we adopt 40 ms as the pattern period of the restricted set of subframes as in the case of MBSFN subframe configuration in Rel-8/9, it is possible to minimize the impact on UL HARQ in pico cells with minimal complexity for the ABSF pattern configuration.
3 Backhaul based eICIC information exchange
The restriction of the measurement subframes discussed in the previous section needs the information on ABSFs configured in the macro cell where the pico cell resides. Based on this, the serving cell will signal to its UE in which subframes the UE has to make measurements. Thus, it is obvious that in order to support backhaul based coordination of time domain ICIC, the X2 message to indicate the ABSF pattern of the macro cell should be defined. Then, the issues for further consideration are what other information should be defined and how these X2 messages should be coordinated between the macro and pico nodes.
The key factor determining the amount of the ABSFs configured in a macro cell would be the number of pico nodes deployed in the macro cell area. The number of UEs served by pico cells could also be taken into account for further optimization of system throughput. But, this optimization has not been evaluated yet in RAN1 and also requires more frequent coordination of ABSFs between the macro and pico nodes deployed in the macro cell area. Moreover, as shown in [2], when the neighboring macro cells use different patterns for ABSFs, the cell splitting gain significantly decreases compared to the cases using the same ABSF pattern among the neighboring macro cells. Thus, adaptive coordination of the amount and location of ABSFs among the nodes may not provide meaningful gain in practice. It is also noted that even by assuming semi-static configuration of ABSFs, the simulations done in RAN1 have shown significant gain of the time domain ICIC. Also, RAN WGs have practically one or two meetings until the target completion date of the Rel-10 eICIC WI. 
Considering all those aspects, the clearest and simplest approach to support time domain ICIC via backhaul communication would be to re-use the Rel-8/9 ICIC mechanism as much as possible. Then, the main change from the DL RNTP coordination mechanism in Rel-8/9 is to replace the frequency components (RRBs) with the time components (subframes). The bitmap based indication as done in Rel-8/9 ICIC can be re-used and the bitmap indicates which subframes the indicating cell has configured as ABSFs. As discussed in the previous section, considering the impact on the UL synchronous HARQ, 40 ms is preferred as the period of ABSF pattern, and as in the case of measurement restriction discussed in the previous section, all normal and MBSFN subframes should be allowed to be configured as ABSFs.
Based on the above considerations, we propose to take the followings as baseline for the backhaul based support of the time domain ICIC.
Proposal 1: The ABSF pattern configured in a cell is indicated to neighboring cells via backhaul
Proposal 3: The information exchange is one way, without support for any other advanced mechanism

Proposal 3: The period of ABSF pattern is 40 ms

Proposal 4: All normal and MBSFN subframes are allowed to be indicated as ABSF
4 Conclusion
In this contribution, we discussed support of time domain ICIC in Rel-10. The two main issues are to support restricting the measurements to certain subframe resources and to support the backhaul based exchange of time domain ICIC information. Based on the discussions in Section 2, we propose to take the followings as baseline for the support of measurement restriction in Rel-10, which are mostly relating to RAN2 specifications:
· Proposal 1: A single identical restricted set of subframes is configured for all measurement purposes
· Proposal 2: Both normal and MBSFN subframes can be configured as ABSF
· Proposal 3: The measurement restriction is UE specific and the restricted set of subframes for measurement is indicated via high layer signaling in a UE specific manner
· Proposal 4: The pattern period of the restricted set of subframes is 40 ms

Concerning the backhaul based exchange of time domain ICIC components, we propose to take the followings as baseline:
· Proposal 1: The ABSF pattern configured in a cell is indicated to neighboring cells via backhaul
· Proposal 3: Information exchange is one way, without support for any handshaking mechanism

· Proposal 3: The period of ABSF pattern is 40 ms
· Proposal 4: All normal and MBSFN subframes are allowed to be indicated as ABSF

5 References
[1] R1-105082, “Way Forward on eICIC for non-CA based HetNets,” AT&T, CMCC, CATR, CHTTL, Deutsche Telekom AG, Ericsson, ST-Ericsson, ETRI, HTC, KDDI, Kyocera, MediaTek, Nokia, Nokia-Siemens Networks, NTT DOCOMO, Orange, Pantech, picoChip, Qualcomm Inc, Samsung, Telecom Italia, Texas Instruments, Telefonica, Verizon Wireless
[2] R1-100142, “System Performance of Heterogeneous Networks with Range Expansion,” Samsung











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
2

