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Discussions and Decision
1 Introduction 
A summary of the coexistence studies for the Rel-11 SI on FS_LTE_TDD_eIMTA [1] in RAN4 has been provided in [2] where the following observation was drawn based on the extensive simulation studies that have been performed by numerous companies in RAN4.
“Observation: Based on the results of these feasibility studies; the deployment of dynamic TDD subframe reconfiguration would cause severe interference. 

It should be noted that the use of interference mitigation techniques has been suggested in some contributions. However, coexistence results with mitigation techniques have not been extensively discussed and results calibrated.”
It is therefore important that the next step in the feasibility study should focus on investigating possible interference mitigation techniques that can be deployed to address the severe interference that has been shown to date. In this document, we provide a preliminary discussions of some interference mitigation techniques that can be for further considerations.  
2 Discussions  
As per the objectives of this SI [1], RAN4 should perform co-existence analysis for the identified scenarios, including co-channel and adjacent channel interference. Both RAN1 and RAN4 have been tasked to identify the multi-cell scenarios for which TDD DL-UL interference may arise and the additional TDD DL-UL interference mitigation techniques that would be beneficial.
The conclusions as observed based on the extensive studies performed point to a clear need to provide means to mitigate the interference that arises. In our view, areas for further considerations should include the following.  

1. Reuse of existing X2 interference coordination signalling. Release 10 supports uplink interference coordination mechanisms in the Overload Indicator (OI) and the High Interference Indicator (HII). Similarly, for the downlink, the Relative Narrow-Band Transmit Power (RNTP) and Almost Blank Subframe (ABS) can be used. 
Although use of the IEs is network implementation freedom, some examples of their applicability are given below:
a. The OI can be used by the interfered eNB to report its UL interference level to the interfering eNB. Although OI is typically used for UE-to-BS interference where the recipient eNB may limit the maximum transmit power of a UE scheduled with PRBs indicated by OI to have high interference, it could be also used for BS-to-BS interference where the eNB that receives the OI may then avoid or limit its DL transmission on high-interference PRBs indicated by the OI. 
b. HII is a proactive indicator sent as a bitmap with one bit per PRB that the serving cell intends to use for scheduling cell-edge UEs potentially causing high inter-cell interference. Although HII is traditionally used for UE-to-BS interference, it could be also used for UE-to-UE interference where the recipient eNB could decide to limit its DL scheduling to prevent a severe degradation of the DL transmission at the interfered UEs.
c. RNTP and ABS can also be applied in BS-to-BS interference scenario. 
2. Availability of updated information of TDD subframe configuration. Performance impact is minimized when potential subframe mismatch can be detected early in a timely manner so that effective interference avoidance or mitigation approaches can be initiated. 
Upon subframe reconfiguration, the interference scenarios can be identified if the eNB knows the current subframe configurations of neighbouring cells that it could potential interfere or receive interference from.
a. Up to date TDD subframe configuration of the neighbouring cell can aid its decision to whether or not to reconfigure its TDD subframe i.e. eNBs intending to coordinate interference due to in DL-UL mismatch subframes may like to know each other’s current subframe assignment. 
b. The rate of change of the TDD subframe configuration to be supported must take into consideration the rate of updates of the TDD Subframe Assignment IE as supported in Release 10.

Next, we provide a simplified simulation analysis to investigate the potential effectiveness of OI-based interference coordination.  We consider the case of BS-to-BS interference since this is the more severe scenario compared to the UE-to-UE interference. The results are plotted in Figure 1-3. The MUL/PUL in the figures represents the case when all macro/pico cells are synchronized in the uplink, and PR represents the case when the pico cells DL-UL subframe configuration change between downlink and uplink each with 50% probability.
Figure 1 shows UE UL geometry in the macro-outdoor pico co-channel scenario [3]. It can be seen that the interference from DL pico transmission severely degrades the UL geometry of both pico and macro UEs uplink. For the macro UE UL, it shows how dominant the interference is from the DL pico transmission. 
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Figure 1:
UL Geometry, Macro-Outdoor Pico
To illustrate some of the properties of this UL interference, Figure 2 shows the UL interference level in dB per PRB measured at one pico eNB UL. Comparing the red and the blue curves, it shows that the pico UL interference is increased substantially when 50% picos are now randomly in downlink transmissions.

Figure 2 also shows that the UL interference having almost the same level across PRBs. This observation thus also motivates the possible adaptation needed to the current PRB based OI into a subframe-based OI. The latter may allow for OI to represent the interference level at subframe level to signal the TDD subframe mismatch.  The OI per subframe may vary significantly from subframe to subframe not due to the fluctuation of UE-to-BS interference but due to TDD subframe mismatch, as shown in Figure 3. And assuming the recipient eNB (the strongest interfering eNB) adopts DL ABS to avoid the reported BS-to-BS interference via the adapted OI, the UL interference level could be significantly improved, as shown in the green curve in Figure 2.
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Figure 2:
UL interference level per PRB at one UL pico eNB
[image: image3.emf]0 1 2 3 4 5 6 7 8 9 0 1

-110

-105

-100

-95

-90

-85

-80

-75

-70

Subframe Number

dB

UL Interference Level per subframe at one pico eNB

TDD subframe

configuration mode

0 at the measured

eNB; 

and mode 1 at

its strongest

interfering eNB


Figure 3:
UL interference level per subframe at one pico eNB in TDD mode 0
3 Conclusions

In view of the above considerations, we propose to adopt the following guidance as way forward on the coexistence interference mitigation feasibility in RAN4:
· Release 10 X2 based interference coordination mechanisms such as OI/HII/RNTP and ABS should be considered further for possible adaptation. 
· Enable up to date and timely TDD subframe mismatch information at the eNB to facilitate effective interference avoidance and mitigation techniques. 
4 References

[1]
RP-110450, “New study item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation,” CATT, Ericsson, ST-Ericsson.
[2] R4-123116, “TDD Feasibility Studies Summary,” RAN4#63, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, May 2012. 
[3] R4-121217, “Analysis for Macro-Outdoor Pico co-channel Interference,” RAN4#62bis, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































