
3GPP TSG RAN WG1 Meeting #72bis
R1-131161
Chicago, USA, 15th – 19th April, 2013
Agenda Item:
7.2.3.1
Source:
Huawei, HiSilicon
Title:
CCIM for TDD eIMTA
Document for:
Discussion and decision
1 Introduction

In the WID for TDD eIMTA [1], the following objective was agreed.
· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

In the last meeting, the candidate interference mitigation schemes were discussed, including Cell Clustering Interference Mitigation (CCIM), Scheduling Dependent Interference Mitigation (SDIM), Interference mitigation based on eICIC/FeICIC and Interference Suppressing Interference Mitigation (ISIM). In one companion contribution [4], we discuss scheduling dependent interference mitigation scheme. In this contribution, we will further discuss CCIM and give the comparison for both CCIM and SDIM.
2 Discussion on CCIM
With Cell Clustering Interference Mitigation (CCIM), the cells are divided into cell clusters, which are comprised by one or more cells. Within one cell cluster, the transmission direction of all subframes should be the same, so that BS-BS and UE-UE interference can be mitigated within the cell cluster. The different UL-DL configurations can be configured in different cell clusters.
In order to ensure the operation of CCIM, we discuss the following aspects which include cell cluster forming/reforming, measurement resource, and TDD UL-DL configuration determination within the cell cluster. 

2.1 Cell cluster forming/reforming
The forming/reforming of cell clusters can be based on BS-BS coupling loss or BS-BS interference. 
· Method 1: According to BS-BS coupling loss

The cell cluster forming/reforming is according to BS-BS coupling loss. For example, the BS-BS coupling loss between any cells within a cluster should be smaller than a threshold.

· Cell cluster forming/reforming with BS-BS coupling loss can be operated in a static manner (during deployment/ cell planning) or possibly semi-static manner, since even if we take the environment changing into account, e.g. eNB turning on/off, the variation of BS-BS coupling loss is relatively slow. Method 2: According to BS-BS interference

The cell cluster forming/reforming could also be based on BS-BS interference with one given threshold.  
The circumstances of BS-BS interference could change relatively fast due to the effect of eNB turning on/off and the variation of traffic load. Therefore, eNB needs to semi-statically or dynamically measure BS-BS interference for cell cluster forming/reforming.  
As illustrated in Figure 1, at the beginning stage, Pico 0, 1, 2 and 3 belong to the same cluster. After a period of transmission, Pico 2 could be powered off or may only schedule the fixed subframes since traffic load is very low. In this case, Pico 2 can be out of the original cluster, and two new clusters are reformed as Pico 0,1 and Pico 3 respectively.  
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Figure 1. Cluster reforming

As compared with method 1, method 2 is more flexible in cluster forming/reforming, and can achieve better traffic adaption gain. In the other hand, method 2 requires more measurement resource to ensure faster cluster forming/reforming.
Observation 1: eNB measurement can be considered for cell cluster forming/reforming.
2.2 Resource for eNB measurement  
A measurement gap is needed for eNB since it cannot simultaneously transmit and receive.  Three options can be considered for measurement gap setting:

· Measurement gap in DL subframes
If DL subframes are used for a measurement gap, it would interrupt DL transmission and bring unreliable RRM, RLM and CSI measurements for legacy UEs since the legacy UEs do not know the configuration for the measurement gap. In addition, if subframe #0, #1, #5 or #6 is used for eNB measurement, it would impact the network access since UEs cannot detect common control channels, e.g.  PSS, SSS, paging and system information, in these subframes.
Therefore, DL subframe is not preferable for eNB measurement gap.

· Measurement gap in flexible subframes
In order to measure BS-BS interference or coupling loss, the measurement gap can be set in the flexible subframes. With this method, the measurement can be performed when serving cell is configured as UL transmission and neighbor cell is configured as DL transmission in the flexible subframe. eNB of serving cell can restrict UL transmission on the flexible subframe to avoid the collision between UL data and neighbor cells’ DL reference signal.

· Measurement gap in Guard Period (GP) 

If LRS, which is discussed in [4], can be transmitted on the OFDM symbols of GP, an eNB can measure   neighbor cell’s LRS in GP.
Measurement gap in GP would not require any additional measurement gap in normal subframes, and, it would not impact the backward compatibility since GP in special subframe is empty for legacy UEs.  

As discussed above, we propose that
Proposal 1: It is preferred to set eNB measurement gap in flexible subframe or Guard Period. 
2.3 TDD UL- DL configuration determination
Two possible schemes to decide the UL-DL configuration within one cluster include:  

· Method 1: Based on the overall traffic situation of the cluster
For each cell cluster, a centralized node can be used to control the transmission direction for all eNBs in the cluster. In practice, a macro eNB may be used the centralized node. Each eNB within a cluster can report its UL/DL traffic load to the centralized node. Then, the centralized node can decide the TDD configuration based on the overall traffic situation of the cluster. 
· Method 2: Based on dominant cell’s TDD UL-DL configuration
If centralized node is not available, and the backhaul connections are non-ideal among all cells within one cluster, an autonomous organized method can be considered for cluster control. This may be beneficial if a centralizing function is not desirable or feasible, such as when the backhaul connections are non-ideal among all cells within one cluster.
In this case, one dominant cell needs to be defined based on the network deployment, interference circumstances, or traffic load within one cluster. The rest cells within the cluster are defined as submissive cells, which follow dominant cell’s TDD UL-DL configuration that can be broadcast via air interface.  
3 Analysis and comparison between CCIM and SDIM
The detail design of SDIM is given in [4]. If the interference is not very strong among eNBs, SDIM could achieve better performance than CCIM since CCIM reduces the traffic adaptation capabilities within the cluster for both DL and UL transmissions, especially when the number of cells in a cluster is larger.
With very strong BS-BS/UE-UE interference, CCIM could be more effective than SDIM since the ordinary link adaptation methods (lower MCS or transmission power control) may not work effectively.  

Based on the above analysis, it is beneficial to combine the usage of CCIM and SDIM since they are suitable for scenarios with different interference levels. One possible method is to use proper threshold to form small clusters by CCIM, and SDIM could be used for the eNBs belonging to different clusters since interference between two clusters is relatively low.

Proposal 2: both CCIM and SDIM could be considered for interference mitigation with different scenarios.
4 Conclusion

In addition to SDIM scheme in [4], we further discuss the possible standardization impact and suitable scenarios for CCIM in this contribution.
According to above discussion, we propose:

Observation 1: eNB measurement can be considered for cell cluster forming/reforming.
Proposal 1: It is preferred to set eNB measurement gap in flexible subframe or Guard Period. 

Proposal 2: both CCIM and SDIM could be considered for interference mitigation with different scenarios.
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