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1. Introduction
In TDD eIMTA study item, four categories of interference mitigation schemes have been identified in [1].   Regardless of which interference mitigation scheme is adopted, interference variation across different subframes is potentially larger than the system without traffic adaptation.  It has been observed that SINRs vary a lot across different subframes when different types of interference happen [1].  For downlink subframes, interference experienced by the UE can come from eNB (i.e. DL-DL interference) or from UE (i.e. UL-DL interference).      
2.  Rel-11 interference measurement 
In Rel-11, interference measurement is enhanced due to the introduction of interference measurement resource (CSI-IMR).  A Zero-Power(ZP) CSI-RS resource can be configured as an IMR to measure interference from other transmission points (TPs) no matter the TPs are in the same cell or different cell.  Comparing with the legacy CRS based interference measurement scheme, IMR in general can more accurately reflect the interference experienced by the UE especially in HetNet scenarios in which colliding CRS happens more often.  Moreover, multiple CSI processes can be configured with multiple IMRs to measure different interference conditions.  The interference measurement scheme introduced in Rel-11 can be used in TDD system with eIMTA.  

[image: image1.emf]D S U D D D S U D D D S U D D D S U D D

0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1

D S U U U D S U U U D S U D D S U D

0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1

D S U

Fixed 

subframes

IMR-n

I

2

I

2

I

2

I

2

I

n

Interfering TP

Config 0 Config 1

I

1

I

1

I

1

I

1

D S U D D D S U D D D S U D D D S U D D

I

2

I

2

I

2

I

2

I

1

I

1

I

1

I

1

Scheme 2:

2 CQIs

for fixed 

subframes

Scheme 1:

1 CQI

for fixed 

subframes

ServingTP

U U

Config 2


Figure 1 IMR configurations in fixed subframes
Figure 1 shows the possible IMR configurations in fixed subframes in an example where the interfering TP changes from configuration 0 to 1 where the serving TP keeps in configuration 2.  There are two schemes corresponding to one configured IMR and two configured IMRs respectively:
· Scheme 1 – one IMR is configured to measure DL interference from fixed subframes.  One CQI can be obtained based on this IMR.  MCS assignment for both fixed and flexible subframes is based on this CQI
· Scheme 2 - Two IMRs are configured to measure DL interference from fixed subframes.  Interfering TP is muted in one of the IMRs i.e. I1.  2 CQIs can be obtained based on these two IMRs.  MCS assignment for fixed subframes can be based on the CQI corresponding to IMR I2.  MCS assignment for flexible subframes with UE-UE interference can be based on the CQI corresponding to IMR I1 with the assumption that UE-UE interference is negligible.    
These two interference measurement schemes can be supported by Rel-11 specification.  However, in both cases, UE-UE interference in flexible subframes can’t be measured.  Although certain adjustment can be made to the CQI by the network, it is difficult for the network to estimate the UE-UE interference.  It is also hard to adjust the MCS based on outer loop link adaptation (OLLA) because there are only a few subframes with UE-UE interference. 
3. Potential CSI enhancements 
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Figure 2 IMR configuration in flexible subframes
To measure interference in flexible subframes, it should be allowed that IMR can be configured in the flexible subframes.  However, IMR definition may need some changes as the flexible subframes can be uplink or downlink.  As shown in figure 2, IMR I3 is configured in flexible subframes.  Note that there is no I3 in the radio frame of configuration 0.  IMR should be valid only when there is downlink subframe due to the complication of measuring DL signal during UL subframe.   In this case, IMR is not strictly periodic comparing with the legacy periodic IMR.
Proposal 1: IMR can be configured in flexible subframes only if the flexible subframes are downlink subframes. 
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Figure 3 IMR configurations in flexible subframes
Figure 3 shows the possible enhancements on IMR in flexible subframes in an example where the interfering TP changes from configuration 0 to 1 where the serving TP keeps in configuration 2.  The current specification only allows all the IMRs configured to a UE fall into one CSI-RS configuration so that rate-matching can be done correctly even for the Rel-10 UEs.  The three interference measurement schemes illustrated in figure 3 require relaxation of this restriction.  If flexible subframes are UL by default to legacy UEs, placing an IMR in the flexible subframes won’t affect the rate-matching of legacy UEs.    
· Scheme 3: Two IMRs are configured to measure interference in fixed subframes and flexible subframes respectively.  Grouping of resources to form these two IMRs is done semi-statically.  Two CQIs are obtained based on these two groups of IMRs respectively. 
· Semi-static grouping of IMRs is simpler but the interference type varies in flexible subframes.  For example in figure 3, interference measured from I3 in the first radio frame is UE-UE interference but it is DL-DL interference in the second radio frame.  It’s hard to achieve accurate link adaption if these two types of interference are mixed together.  
· Scheme 4: One IMR is configured to measure DL interference in both fixed and flexible subframes.  Another IMR is configured to measure UE-UE interference in flexible subframes.  Grouping of resources to form these two IMRs is done dynamically.  Two CQIs are obtained based on these two groups of IMRs respectively.
· Dynamic grouping of IMRs based on dynamic signalling can group two different types of interference dynamically according to the interference condition.  It can reflect UE-UE interference so that the link adaptation can be done more accurately.  However, this requires dynamic signalling for grouping the IMRs.

· Scheme 5: One regular periodic IMR is configured to measure DL interference in fixed subframes.  Another aperiodic IMR is configured only when aperiodic CSI is triggered.  Interference measurement is only done based on this particular subframe where the aperiodic IMR is located.  Aperiodic CSI can be obtained based on this IMR to reflect the condition with UE-UE interference.
· Aperiodic IMR can be used along with aperiodic CSI.  The IMR can be dynamically setup in the downlink subframe from which the network wants to get the interference information.    It makes sure the UE measures interference only in the particular subframe so that the network knows where the measured interference comes from.  At the same time, it reduces the overall IMR overhead.
Proposal 2: Interference measurement should be enhanced so that the network can obtain more accurate CSIs with different types of interference.
4. Conclusion
In this contribution, we discuss the application of Rel-11 interference measurement schemes in TDD system with eIMTA.   Some enhancements on interference measurement are identified and our proposals are summarized as below:
Proposal 1: IMR can be configured in flexible subframes only if the flexible subframes are downlink subframes. 
Proposal 2: Interference measurement should be enhanced so that the network can obtain more accurate CSIs with different types of interference.
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