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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

In RAN1#75,  the following agreements were made regarding CSI measurement.
· When a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only within the subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration

· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, the UE shall measure CSI only within the subframes indicated as DL subframe or special subframe by SIB configuration

· Aperiodic CSI feedback shall be supported for all the configured measurement subframe set(s)

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 remaining details of signaling to support these enhancements based on the above agreement. 
2. CSI process and CSI-IM configurations
It was discussed in [9] whether two CSI processes is needed to support CSIs of two subframe sets for eIMTA.  A CSI process is defined as the combination of NZP CSI-RS resource and CSI-IM resource respectively for channel and interference measurement.  For eIMTA, multiple CSI-IM resources are needed for interference measurement in different subframe subsets.  Unlike CoMP schemes e.g. DPS, only one NZP CSI-RS resource is needed for eIMTA because the serving point is usually fixed.    The requirement of two CSI processes seems to be unnecessary.   We see the following drawbacks/issues of requiring two CSI processes for eIMTA:
· If we support two subframe sets for TM1-9, it is straightforward to do it based on the current framework of two subframe sets defined for eICIC (possibly with some modifications).   Therefore, it is natural to do it based on the eICIC framework for TM10 which requires only one CSI process.   It seems unreasonable that we adopt two different ways for different TMs. 
· If we require two full CSI processes for the UE supporting eIMTA, the requirement for UE is more than what it is needed for eIMTA.  It sounds unreasonable if the UE only wants to support eIMTA but CoMP.  If we define a UE category which supports only one NZP CSI-RS resource with two CSI processes.  It will be confusing in the specification because quite some places in the specification assumes two NZP CSI-RS resources can be supported with two CSI processes.  Standardization becomes more complicated in our view.  
· For aperiodic CSI feedback,  it requires the UE to feed back two CSIs at the same time if two CSI processes is supported.  This requires the UE to process two CSIs in three subframes which in turns add extra UE complexity comparing with the approach of one CSI process.
Another way to support two subframe sets in TM10 for eIMTA is to support multiple CSI-IM resources for one CSI process.  We see this approach more straightforward and more consistent with TM1-9.    In fact, it is easier if we define Rel-12 CSI-IM resource for eIMTA which can contains more than one Rel-11 CSI-IMR as shown in figure 1 below. 
CSI-IM-Config-r12 ::=

SEQUENCE {


csi-IM-ConfigId-r12


CSI-IM-ConfigId-r11,


resourceConfig-r12


INTEGER (0..31),


subframeConfig1-r12


INTEGER (0..154),

subframeConfig2-r12


INTEGER (0..154),


subframeConfig3-r12


INTEGER (0..154),

}
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Figure 1 Rel-12 CSI-IM resource configuration for eIMTA

In this example, there are three subframe offsets but one resourceConfig in one Rel-12 CSI-IM configuration.  With this definition CSI process can still contain one NZP CSI-RS and one Rel-12 CSI-IM.
CSI-Process-r12 ::=

SEQUENCE {


csi-ProcessId-r12


CSI-ProcessId-r12,


csi-RS-ConfigNZPId-r12

CSI-RS-ConfigNZPId-r12,


csi-IM-ConfigId-r12


CSI-IM-ConfigId-r12,
...

}
With this definition, we can re-use most of the eICIC subframe sets as long as we define the mapping of subframes to each subframe set
Proposal 1:  One CSI process should be supported for CSI measurement of two subframe sets for eIMTA.  One Rel-12 CSI-IM configuration can contain multiple subframe offsets.  The rule of Rel-12 CSI-IM and Rel-12 ZP-CSI-RS should be relaxed to support this. 
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.   There are three schemes to support CSI measurement of two subframe sets for eIMTA.
· 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

	Subframe set 0
	Subframe offset = 0 (IMR I0)

	Subframe set 1
	Subframe offset = 4 (IMR I4)


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.  Combined RRC and DCI configuration can be used to realize dynamic grouping of IMR.  To configure two possible IMRs to subframe set 1, one DCI bit is used to choose between these two IMRs as shown below in table 2. 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 2 Dynamic grouping - scheme 2-2
	Semi static RRC configuration

	Subframe set 0
	Subframe offset = 0 (IMR I0)

	Subframe set 1
	Subframe offset = 3 (IMR I3) or Subframe offset = 4 (IMR I4)

	DCI bit      Dynamic configuration for set1

	0
	Subframe offset = 3 (IMR I3)

	1
	Subframe offset = 4 (IMR I4)


This new DCI bit can be added to the group-specific DCI signaling of TDD configuration [5].
Proposal 3:  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 4 Configuration of aperiodic IMR
	Semi static RRC configuration

	Subframe set 0

	IMR I0  

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

	Subframe set 1

	IMR Ix 

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

	DCI bit      Dynamic configuration for set2

	0
	Subframe offset=3

	1
	Subframe offset=4


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.   The subframe offset can be dynamically informed to the UE by DCI signalling e.g. in the DCI together with reconfiguration DCI signalling[5].  This is one way to ensure that rate-matching is done correctly at least for the group of UEs receiving the DCI signalling.  In addition, it can reduce the overall IMR overhead if IMR can be setup dynamically when it is needed.

Proposal 4: Aperiodic IMR should be supported.  Interference averaging window can be configured to one subframe.
5. Aperiodic CSI triggering related to two subframe sets
Since the UL grant cannot be transmitted in flexible subframes as a result of keeping the HARQ reference timeline, it is impossible to trigger aperiodic CSI in flexible subframes.  Therefore, CSI related to the subframe set in flexible subframes cannot be triggered if we follow eICIC mechanism.  In [6], five alternatives are listed as follows:
· Alt 1: Subframe location determines the CSI measurement subframe set to be reported.

· Alt 1-1: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets.

· Alt 1-2: Each UL subframe in which aperiodic CSI is reported is associated with one of the two CSI measurement subframe sets.

· Alt 2: CSI request field in UL grant determines the CSI measurement subframe set to be reported.

· Alt 2-1: An additional bit is added to the A-CSI request field in UL grants to indicate the CSI measurement subframe set to be reported.

· Alt 2-2: Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).

· Alt 3: UE reports CSI for both sets whenever two CSI measurement sets are configured.

Alt 1-1 is the triggering scheme  similar to the current scheme for eICIC i.e. determined by the location of a DL subframe with the UL grant.   It can be argued that Alt1-1 would impose restriction obtaining aperiodic CSI in certain subframes only but the same restriction is there in Rel-10 eICIC.   Full flexibility doesn't seem to be needed.   For Alt2-1, additional DCI bit would cause unnecessary standardization change and additional UE complexity.  For Alt2-2, it is impossible to relate the CSI request field to different subframe sets if CSI request field has only one bit in format 1 in case of CSS.  For Alt 3, PUSCH overhead is wasted when the network only needs the CSI for only one subframe set in a particular subframe.   For all the alternatives which require the UE to report multiple CSIs at the same request, it will increase the UE complexity comparing with Alt1 since the UE has to process multiple CSI within the timeframe of one CSI request.
Proposal 5: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets.
With proposal 5 (i.e. Alt1-1), the DL subframe with UL grant determines which subframe set  the corresponding aperiodic CSI associated with.  For example, the downlink reference resource can be defined to be valid if it is an element of the CSI subframe set CCSI, mod2(x)  where x is the subframe index of the subframe where the corresponding CSI request is received.  This means the even subframes refer to subframe set 0 and the odd subframes refer to subframe set 1.
6. Transmission modes and CSI-reporting modes
The schemes described in previous sections can be applied to CRS based transmission modes (i.e. TM1-9).  The same set of signaling for all the TMs is preferred.   For CSI reporting modes, all CSI reporting modes 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: Strive to use the same set of signaling for all transmission modes.  
7. 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: One CSI process should be supported for CSI measurement of two subframe sets for eIMTA.  One Rel-12 CSI-IM configuration can contain multiple subframe offsets.  The rule of Rel-12 CSI-IM and Rel-12 ZP-CSI-RS should be relaxed to support this. .
Proposal 2:  RRC configuration of interference averaging window should be introduced. 
Proposal 3:  Grouping of IMRs corresponding to different CSIs should be done dynamically. One DCI bit is introduced for dynamic grouping.
Proposal 4: Aperiodic IMR should be supported.  Interference averaging window can be configured to one subframe.
Proposal 5: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets. 

Proposal 6: Strive to use the same set of signaling for all transmission modes.
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