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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).      
In RAN1#74, a way forward[3] on interference mitigation in TDD eIMTA was discussed and the following agreement regarding downlink CSI feedback was reached:

· In DL, up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

It was discussed in [4] on how to extend the Rel-11 interference measurement to enhance CSI feedback for eIMTA.  In this contribution, we further discuss the details of signaling to support these enhancements based on the above agreement. 
2. CSI-RS and IMR configuration
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Figure 1 IMR configuration in flexible subframes
To measure channel and interference in flexible subframes, it should be allowed that CSI-RS and CSI-IM can be configured in the flexible subframes.  As shown in figure 1, 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 it is in a 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.  
RRC configuration of CSI-RS and IMR can be unchanged but a note should be added to the specification so that the UE should not expect CSI-RS and IMR in the flexible subframes which are uplink subframes or subframes with unknown direction to the UE.
Proposal 1:  CSI-RS and CSI-IM configurations are valid in the flexible subframes only if the flexible subframes are downlink subframes. 
3. Interference averaging window
In flexible subframes, the interference may come from downlink or uplink.  If one IMR is configured in flexible subframes, the interference type may be different in different subframes.  Currently it is an UE implementation issue whether to do the averaging across different subframes.  If there is no restriction on interference averaging window, the UE may average across different interference types.   To avoid this issue, it is desirable to let the network configure the interference averaging window so that the network can understand which interference type the UE has been doing averaging.  This is especially useful when there is tight coordination between nodes.  In this case, the network may configure the UE not to do interference averaging.  
Proposal 2:  RRC configuration of interference averaging window should be introduced. 
4. Grouping of IMR to form subframe sets
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Figure 2 IMR configurations in flexible subframes
Figure 2 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 2 require relaxation of this restriction.  
Proposal 3:  The restriction on IMR configuration should be relaxed to allow multiple IMRs fall into different ZP-CSI-RS patterns.
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 1 - Semi-static grouping of IMRs 
To support semi-static configuration of two subframe sets, RRC configuration should be done to associate each IMR configuration to a subframe set.  i.e. Two IMR configurations should be setup to form two subframe sets.  For example, the following table is the configuration for scheme 1 in figure 2.

Table 1 Semi-static grouping
	Semi static RRC configuration

	IMR I2
	Subframe set 1

	IMR I3
	Subframe set 2


Semi-static grouping of IMRs is simpler but the interference type varies in flexible subframes.  It’s hard to achieve accurate link adaption if these two types of interference are mixed together.  
· Scheme 2 - Dynamic grouping of IMRs
Dynamic grouping of IMRs based on dynamic signaling 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. This requires dynamic signaling for grouping the IMRs. 
Since TDD configuration of interfering node is dynamic, it makes more sense to support dynamic configuration in the flexible subframe.  One of the IMR-subframe set mapping can be still configured in semi-static manner because it corresponds to fixed subframes.  Dynamic configuration can be done to choose between the two subframe sets for one IMR as shown in the following table.  One DCI bit is used to choose whether the IMR I3 belongs to set 1 and set 2.  e.g. in figure 2, I3 belongs to set 2 in the first frame and belongs to set 2 in the second frame.  
Table 2 Dynamic grouping - method 1
	Semi static RRC configuration

	IMR I2
	Subframe set 1

	IMR I3
	Subframe set 1 or set 2

	DCI bit      Dynamic configuration for IMR I3

	0
	Subframe set 1

	1
	Subframe set 2


Another way to realize dynamic grouping is to configure two possible IMRs to subframe set 2.  One DCI bit is used to choose between these two IMRs as shown below in table 3. e.g. To measure uplink interference in the 2nd radio frame in figure 2, IMR can be configured in subframe 3 instead of subframe 4.
Table 3 Dynamic grouping - method 2
	Semi static RRC configuration

	Subframe set 1
	IMR I2

	Subframe set 2
	IMR I3 or IMR I4

	DCI bit      Dynamic configuration for set2

	0
	IMR I3

	1
	IMR I4


This new DCI bit can be added to the group-specific DCI signaling of TDD configuration [5].
Proposal 4:  Grouping of IMRs corresponding to different CSIs should be done dynamically. One DCI bit is introduced for dynamic grouping.
· Scheme 3 - Aperiodic IMR
Another way to obtain CSI with dynamic interference configuration is to setup the IMR only when CSI is triggered.  The configuration of IMR can be done in semi-static manner to inform the UE the REs location of the aperiodic IMR.  The difference of the regular IMR configuration is that there is no subframe offset and periodicity in the configuration.  The subframe offset is determined based on the timing of the aperiodic CSI triggering.  There is no configuration of periodicity if we restrict the interference averaging window to one subframe only.
Table 3 Configuration of aperiodic IMR
	Semi static RRC configuration

	IMR I2  

(Periodic with P=5ms, Subframe offset x=0)
	Subframe set 1

	IMR I3 

(Aperiodic, Subframe offset depends on the timing of aperiodic CSI triggering)
	Subframe set 2


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 5: Aperiodic IMR should be supported.  Interference averaging window can be configured to one subframe.
5. Transmission modes and CSI-reporting modes
Because TM10 is the only transmission mode to support interference measurement using CSI-IM so far, these CSI/interference measurement enhancements related to CSI-IM should be at least considered in TM10.   It can be further studied whether similar enhancements should be done for CRS based transmission modes.  

For CSI reporting modes, all CSI reporting modes supported in TM10 should be supported for eIMTA.  Enhancements on aperiodic CSI should be prioritized because aperiodic triggering can deal with dynamic changes on interference condition.  Some enhancements e.g. aperiodic IMR can be considered for aperiodic CSI reporting modes only.
Proposal 6: CSI/interference measurement enhancements for eIMTA should be at least supported in TM10. It can be further studied whether similar enhancements should be done for CRS based transmission modes.  
6. Conclusion
In this contribution, we further discuss CSI feedback enhancement schemes for eIMTA.  Some details of signaling design corresponding to different schemes are discussed and our proposals are summarized as below:
Proposal 1: CSI-RS and CSI-IM configurations are valid in the flexible subframes only if the flexible subframes are downlink subframes.
Proposal 2:  RRC configuration of interference averaging window should be introduced. 
Proposal 3:  The restriction on IMR configuration should be relaxed to allow multiple IMRs fall into different ZP-CSI-RS patterns.
Proposal 4:  Grouping of IMRs corresponding to different CSIs should be done dynamically. One DCI bit is introduced for dynamic grouping.
Proposal 5: Aperiodic IMR should be supported.  Interference averaging window can be configured to one subframe.
Proposal 6: CSI/interference measurement enhancements for eIMTA should be at least supported in TM10. It can be further studied whether similar enhancements should be done for CRS based transmission modes.  
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