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1 Introduction
In the email discussions after RAN1#76 meeting, some agreements have been reached regarding CSI enhancements for TDD eIMTA. More specifically, it has been agreed: 
· Remove one of the CSI-IM restriction in TM10

· Introduce support of 1 CSI process capable UE with new interference measurements on static and flexible subframes using two Rel-11 CSI-IM resources 

· Introduce CSI collision handling for periodic CSI reporting in accordance to the CSI subframe set index

· Define CSI reference resource during fallback for TDD eIMTA as in the current specification
In this contribution we provide our views on the remaining aspects of CSI measurement enhancements in TDD eIMTA systems.
2 Remaining details of TM10 support in eIMTA
During email discussion after RAN1#76bis meeting the agreement on the following working assumption for TM10 has been reached: 

· Minimum UE capability on the number of CSI processes for TDD eIMTA is one 

· For a Rel-12 UE configured with TDD eIMTA and capable of one CSI process, up to two Rel-11 CSI-IM resources is supported for one CSI process. 

· FFS between the following approaches to support this:

· One Rel-12 CSI-IM resource is defined to contain up to two Rel-11 CSI-IM resources, i.e. one or two sets of {resourceConfig, subframeConfig}

· One Rel-12 CSI process is defined to contain up to two CSI-IM resources, i.e. one or two CSI-IM-ConfigId 

· Other approaches are not precluded

· other details FFS (e.g. possible association of CSI-IM resource to subframe set, details of aperiodic CSI triggering)

· FFS whether this new configuration is supported by Rel-12 UEs without eIMTA capability or Rel-12 UE with eIMTA capability not configured with TDD eIMTA

· FFS whether this new configuration is also supported for 2, 3 and 4 configured CSI processes
· For aperiodic CSI reporting in transmission mode 10 for a single serving cell when the UE is configured with 1 CSI process, only CSI for one subframe set is reported in any subframe.
The working assumption above implies that only 1 CSI process capable UE can support interference measurements using up to two Rel-11 CSI‑IM resources.
Support of new CSI-IM resource configuration for 2, 3 and 4 configured CSI processes
To facilitate seamless and efficient deployment of eIMTA in the TDD networks, support of TDD eIMTA should not incur any negative impact on the performance of other potentially deployed features such as DL CoMP. In this case, no support of new CSI-IM resource configuration for 2, 3 and 4 configured CSI processes implies that eNB would be required to spend at least one CSI process configuration to support CSI reports for flexible subframes in TDD eIMTA. If CoMP is also supported, such CSI process configuration approach for eIMTA would have a negative impact on the CoMP performance, and, therefore, should be avoided. Hence, support of a new CSI-IM resource configuration should be also extended to 3 and 4 CSI process capable UEs and 2, 3 and 4 configured CSI processes. Table 1 illustrates the possible CSI-IM resource configuration example with simultaneous support of CoMP and TDD eIMTA. 
Table 1: Example of CSI-IM, CSI subframe set configuration for CoMP and eIMTA
	
	Serving TP1
	Interfering TP2
	Interfering TP2
	Serving TP1
	Interfering TP2
	Interfering TP2

	
	CSI subframe set 0 (static subframes)
	CSI subframe set 1 (flexible subframes)

	CSI-IM-1
	DL
	DL
	DL
	DL
	UL
	UL

	CSI-IM-2
	DL
	DL
	Blanking
	DL
	UL
	Blanking

	CSI-IM-3
	DL
	Blanking
	DL
	DL
	Blanking
	UL


Proposal 1:

· Rel-12 CSI-IM configuration should be also supported by 3 and 4 CSI processes capable UEs and 2, 3 and 4 CSI processes configurations. 
Support of new CSI-IM resource configuration by non eIMTA capable UEs
In TDD eIMTA systems it is possible to have different SIB-1 uplink downlink configurations on different cells. For example, in adjacent macro-pico scenario the SIB-1 configuration for macro and pico layers is likely to be different. Therefore, non eIMTA capable UE in the downlink subframes may experience interference not only from the DL subframes, but also from the UL subframes of the neighboring cells. Therefore, by a similar reasons new CSI-IM resource configuration should be supported by non eIMTA capable UEs. 

Proposal 2:

· New CSI-IM configuration should be also supported by Rel-12 non eIMTA capable UE or eIMTA capable UE not configured with eIMTA.

CSI-IM restriction in TM10

In Rel-11 CSI-IM resource configuration has been restricted (1) to ZP CSI-RS resources that can be configured for the UE and (2) to at least one configured ZP CSI-RS resource at the UE. During email discussion after RAN1#76, CSI-IM restriction has been extensively discussed. Based on the discussion the first CSI-IM configuration restriction has been removed for the UE configured with eIMTA. Since the main motivation to remove such CSI-IM restriction is to provide more flexibility for the eNB to configure interference measurements in TM10 regardless of ZP CSI-RS configuration, the second CSi-IM configuration restriction should be also considered for removal.  
Proposal 3:

· Remove the second CSI-IM restriction:

“A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the zero-power CSI-RS resource configurations defined in clause 7.2.7.

Configuration of new CSI-IM resources
During email discussion two alternatives to support new CSI-IM resource configuration has been extensively discussed and two alternatives has been captured in the agreed working assumption. In the first approach CSI-IM resource configuration is extended by signaling of the additional {resourceConfig2, subframeConfig2} configuration. In the second approach CSI process definition is extended by signaling of the additional CSI-IM configuration identity to indicate the additional resources for interference measurements. In principle both approaches can be achieve the same purpose and has similar specification impact in both RAN1 and RAN2. However from RAN1 consideration extension of the CSI-IM resource seems to be more essential as the proposal targets on interference measurement enhancements. It also doesn’t touch the basic definitions of the CSI process as combination of one NZP CSI-RS and one CSI-IM, and the maximum number of CSI-IMs resources that can be configured to the UE in TM10.
Proposal 4:

· Introduce Rel-12 CSI-IM with optional signaling of the additional {resourceConfig2, subframeConfig2} parameters set.

3 Triggering for aperiodic CSI 
There are two CSI reporting modes defined in LTE: aperiodic and periodic. For eIMTA system, support of both CSI reporting may be desirable to assess interference environment in two subframe measurement sets.

For CSI reporting, the CSI reference resource is explicitly defined by LTE specification. In time domain, it is defined as
· for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

For periodic mode, the CSI reference resource is a valid downlink subframe which is at least four subframes away from the subframe configured as a reporting instance. For periodic CSI reporting, the eNodeB, may configure CSI reporting instances for different measurement subframe sets on UL static or on flexible subframes. In general, it is possible to configure both reporting instances on UL static subframes, even if only one static subframe is available. However, the reporting period is likely to increase in that case. Another alternative is to configure reporting instances on flexible subframes. In this case, the report may be sent only if current subframe is used for UL transmission. However, eNodeB can still control it by selecting proper UL/DL configuration. Although it should be noticed, that static UL subframes may be a more reasonable choice in terms of reliability.
For aperiodic mode, the CSI reference resource is linked to the DL subframe, where UL grant (that triggers aperiodic CSI report) is sent. Therefore DL subframes from the different subframe measurement sets should be used to trigger aperiodic reports for different subframe measurement sets. In particular, in order to trigger CSI report for flexible subframe, the UL grant with aperiodic report trigger should be sent on one of the flexible subframes. The latter one contradicts RAN1 WG agreements that the DL favored UL/DL configurations 2, 4, 5 are used for DL HARQ timeline and SIB1 UL/DL configuration is used for UL HARQ timeline. In this case, the DCI transmitted on flexible subframe cannot be used for scheduling UL grant and thus aperiodic report will not be triggered. 
The simple solution to this problem is to reuse bitmap patterns, semi-statically configured for CSI subframe measurement sets. The UE may be configured by higher layers with resource-restricted CSI measurements: subframe sets 
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 indicates set of flexible subframes. According to the legacy operation, these bitmap patterns should be mutually exclusive. In eIMTA systems, the set of SIB1 static DL subframes and the set of flexible subframes are known to UE, through the SIB1 and DL reference UL/DL configurations. These subframes are also mutually exclusive. Therefore without introducing ambiguity, the overlapped combination of bits {1, 1} in bitmap patterns {
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} can be used to indicate subset of static DL subframes for triggering aperiodic CSI report for 
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. The remaining DL static subframes, marked as {1, 0} in bitmap patterns {
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} can be used for aperiodic CSI triggering of CSI report for subframe set
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 (see illustration in Figure 4. ). 
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Figure 4. Aperiodic CSI report triggering for CCSI,0 and CCSI,1.
Proposal 5:
· Use logical AND operation of CCSI,0 and CCSI,1 bitmap patterns to mark static SIB-1 DL subframes for triggering aperiodic CSI reports for the flexible subframe set i.e. CCSI,1.

In our view, this proposal requires minimal specification changes and also consistent with current principles for aperiodic CSI reporting principles. Alternative solution that may be also considered is to use CSI request field in UL grant to determine the CSI measurement subframe set to be reported. In this case, higher layer signaling may configure the CSI measurement subframe set to be reported for each state of the existing CSI request field.

4 Conclusions

In this contribution, we discussed the remaining details of CSI enhancements in TDD eIMTA. The following proposals have been made:
Proposal 1:

· Rel-12 CSI-IM configuration should be also supported by 3 and 4 CSI processes capable UEs and 2, 3 and 4 CSI processes configurations. 

Proposal 2:

· New CSI-IM configuration should be also supported by non eIMTA capable UE.

Proposal 3:

· Remove the second CSI-IM restriction:

“A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the zero-power CSI-RS resource configurations defined in clause 7.2.7.

Proposal 4:

· Introduce Rel-12 CSI-IM with optional signaling of the additional {resourceConfig2, subframeConfig2} parameters set.

Proposal 5:

· Use logical AND operation of CCSI,0 and CCSI,1 bitmap patterns to mark static SIB-1 DL subframes for triggering aperiodic CSI reports for the flexible subframe set i.e. CCSI,1.
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