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1. Introduction
In TDD eIMTA system, interference variation across different subframes is considered higher due to different types of interference.  CSI enhancement  is important for accurate link adaptation in order to realize the gain of TDD eIMTA.  It is agreed that two subframe sets are used for measuring two types of interference. 
In RAN1#76, the following agreements regarding aperiodic CSI were made:

For CSI measurements for transmission modes 1-9 for both non-CA and CA cases:

· The two agreements on CSI measurement “only within DL/S SFs indicated by the L1 signaling if a valid one is detected” and “only within DL/S SFs indicated by SIB1 if a valid one is not detected” will be captured in the specification

For CSI measurements for all transmission modes for both non-CA and CA cases:

· The subframe sets for CSI measurements can be configured per CC, and if so, they are semi-statically configured per CC

For aperiodic CSI reporting in transmission mode 1~9 for a single serving cell, only CSI for one subframe set is reported in any subframe
After RAN1#76, email discussion was held to discuss the details of CSI enhancement for eIMTA.  In this contribution, we further discuss the remaining details to support these enhancements based on the email discussion. 
2.  CSI process and CSI-IM configurations
In email discussion [76-03], using CSI process and CSI-IM in TM10 for eIMTA was discussed.  The first issue is relaxation of restriction on CSI-IM configuration.  The following working assumption regarding restriction on CSI-IM configuration was reached:

The restriction is removed for all downlink subframes at least for eIMTA-enabled UEs

       -  FFS whether it is removed for eIMTA-capable but non-eIMTA-enabled UEs

The restriction refers to the following:

“A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE” 

Removing the restriction for all downlink subframes allows configuring both subframe sets falling into fixed subframe.   This is beneficial when neighboring cells have different SIB-1 TDD configurations.  SIB-1 configuration of a cell should depend on traffic of non-eIMTA-capable UEs including legacy UEs. A cell with more non-eIMTA-capable UEs should have more balanced UL-DL SIB-1 configuration while a cell with all eIMTA UEs should have SIB-1 configuration with more uplink subframes.  There will be some system performance loss if it always requires all the cells to have the same SIB-1 configuration.  Also, this would need collaboration of small cells to choose one optimal SIB-1 configuration for all the cells which is not easy.  This will increase the network implementation complexity.  So we should allow different SIB-1 configurations between cells. To support different SIB-1 configurations, two subframe sets should be allowed to fall in fixed subframes because different fixed subframes can experience different types of interference (can be uplink or downlink interference).   For example, considering one cell with SIB-1 config1, interference experienced in fixed subframes 4,9 is uplink interference if the interfering cell has config 0.
Regarding the FFS point, it is desirable to extend the removal of the restriction to UEs even eIMTA is not configured.  The small cell can choose to disable eIMTA if eIMTA is expected to have no system performance gain e.g. in highly loaded scenario in order to reduce the DCI overhead of reconfiguration signalling.   In this case, the small cell can still configure two subframe sets in the fixed subframes for the non-eIMTA-enabled UEs to measure different types of interference experienced in fixed subframes.   
Based on the observations, we have the following proposal:

Proposal 1: The following restriction is removed for Rel-12 UEs supporting TDD eIMTA, irrespective whether the Rel-12 UE is enabled with eIMTA or not. 
“A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE”
In email discussion [76-03], the 2nd issue which is about the minimum UE capability on the number of CSI process was discussed.  The following working assumption was 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.
Here we discuss the two approaches to support two Rel-11 CSI-IMRs.  For convenience, we name them as Alt1a and Alt1b as follows:

 Alt1a - 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}

Alt1b  - One Rel-12 CSI process is defined to contain up to two CSI-IM resources, i.e. one or two CSI-IM-ConfigId 
Both alternatives achieve the same result but they have different standardization impact.  Alt1a changes the definition of CSI-IM resource.  Alt1b changes definition of CSI-process.

For Alt1a based on [6], the only change on RAN1 specification is on  subclause 7.2.6 of 36.213[4] where CSI-IM resource is defined.   With this approach, subclause 7.2.6 can be changed something like this:
7.2.6
Channel-State Information – Interference Measurement (CSI-IM) Resource definition 

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource configuration:

           - K set(s) of Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

           - K set(s) of Zero-power CSI RS subframe configuration 
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.  The allowable values are given in subclause 6.10.5.3 of [3].
For the UE capable of TDD eIMTA configured two subframe sets, K=2.  Otherwise, K=1.

Only for the UE not capable of TDD eIMTA, the following restrictions are applied: 

A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can be configured for the UE.  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 subclause 7.2.7.

This corresponds to adding 2nd set of  {resourceConfig, subframeConfig} in CSI-IMConfig in the RAN2 spec - 36.331[5].  For CoMP, there are maximum of 3 CSI-IM resources.   With eIMTA and CoMP, it still has maximum of 3 Rel-12 CSI-IM resources although effectively there are 6 Rel-11 CSI-IM resources.  Since maxCSI-IM is defined for the number of CSI-IMConfigId, maxCSI-IM is still 3 because we don't increase the number of CSI-IMConfig in this alternative.  For maxCSI-RS-ZP, it can still stay with 4 because there are only 4 PQI states.  It can group several CSI-IM resources into one ZP-CSI-RS by implementation.
For Alt1b, together with issue 1 of email discussion [76-03], it changes 3 subclauses of 36.213.  

7.2
UE procedure for reporting Channel State Information (CSI)

....

....
Each CSI process is associated with a CSI-RS resource (defined in subclause 7.2.5) and K CSI-interference measurement (CSI-IM) resource(s) (defined in subclause 7.2.6).

For the UE capable of TDD eIMTA configured two subframe sets, K=2.  Otherwise, K=1.

....

....
7.2.3
Channel Quality Indicator (CQI) definition
....

....
For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource(s) associated with the CSI process. If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets 
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 for the CSI process, the configured CSI-IM resource(s) within the subframe subset belonging to the CSI reference resource is used to derive the interference measurement.
....

....
7.2.6
Channel-State Information – Interference Measurement (CSI-IM) Resource definition 

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource configuration:

           - Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

           - Zero-power CSI RS subframe configuration 
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.  The allowable values are given in subclause 6.10.5.3 of [3].
Only for the UE not capable of TDD eIMTA, the following restriction is applied: 

A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can be configured for the UE.  
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 subclause 7.2.7.

This corresponds to adding 2nd ConfigId in CSI-Process in the RAN2 spec - 36.331[5].   With eIMTA and CoMP, maxCSI-IM needs to be changed to 6 as it is defined as the number of CSI-IMConfigId.  We increase the number of CSI-IMConfig in this alternative.  For maxCSI-RS-ZP, it can still stay with 4 because there are only 4 PQI states.  It can group several CSI-IM resources into one ZP-CSI-RS by implementation.
Here are observations:

· Standardization impact of Alt1a is less than that of Alt1b.  The changes are only in the subclause of CSI-IM resource.
· CSI process is the fundamental part of CoMP.   The definition should not be changed for eIMTA otherwise confusion may be introduced.
· Supporting two subframe sets for eICIC in TM10, one CSI-IMR is configured and falls into two different subframe sets.  Alt1a doesn't change the description of subframe sets in the CQI definition.  For Alt1b, it change this CSI-IMR.  There is ambiguity on whether and how two subframe sets is mapped to the two CSI-IMRs.   

· Maximum of CSI-IM configuration is changed for Alt1b while it can be kept the same for Alt1a.
Based on the observations, Alt1a is the better approach and hence we have the following proposal:
Proposal 2:  Confirm the working assumption of minimum UE capability on the number of CSI processes for TDD eIMTA is one.   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}.
To be consistent with our proposal 2, the new configuration of CSI-IM resource should be supported for eIMTA capable UEs even without eIMTA configured.  Also, in order to support CoMP and eIMTA, this new configuration should be supported for 2,3 and 4 configured CSI processes.

Proposal 3: The new configuration is supported by Rel-12 UEs supporting TDD eIMTA, irrespective whether the Rel-12 UE is enabled with eIMTA or not. This new configuration is also supported for 2, 3 and 4 configured CSI processes.
3. Aperiodic CSI 
3.1 Reference resource of aperiodic CSI for TM1-9 
To determine the reference source of aperiodic CSI for TM1-9 eIMTA, it was proposed in [2] that.

· For a UE configured in TM1-9 and TDD eIMTA, the CSI reference resource for aperiodic CSI report on an uplink subframe n is such that 

· the reference resource is in a valid DL subframe no later than subframe n-4

· the reference resource is in a valid DL subframe no earlier than the CSI request downlink subframe 
It is reasonable to make sure the valid DL subframe for reference resource in the subframe no later than subframe n-4 as it affects the peak processing requirement for CSI.   However the second restriction puts a lot of constraints on CSI measurement of two subframe sets without reducing UE complexity much.  The constraints are:
· SIB-1 configurations 2/3/4/5 cannot support aperiodic CSI reporting for two subframe sets
· When SIB-1 configuration is 1 and dynamic configuration is 4 or 5, it  cannot support aperiodic CSI reporting for two subframe sets.

· When SIB-1 configuration is 0 or 6 and dynamic config is 3,4 or 5, the reference resource can only be subframes 5-9.  However, in order to measure UL interference, it has much better chance to do it in subframe 3.  It is expected that it would be quite often that the small cells adapt between the SIB-1 config and config3-5 for DL heavy cases.  Since reference resource is limited to subframes 5-9, in this case it essentially means it never gets a chance to measure UL interference especially when the case interference averaging is not done.
UE complexity doesn't seem to be an issue considering the following normal UE practice:
· UE may anyway need to store the samples for interference measurement in the subframes before the CSI request for interference averaging.   

· For TM9, if MBSFN subframe is the reference resource, it is more accurate for the UE to measure interference from CRS in data region in the subframe before the reference resource because the interference condition can be quite different in control symbol region.

· For TM9 with RI/PMI configured and TM10, the channel part is derived from NZP-CSI-RS. UE has to measure channel before the CSI request when the reference resource doesn't have CSI-RS. 

· For TM10, UE has to measure interference from the subframes with CSI-IMR before the CSI request.  If UE is configured with multiple CSI processes is configured, the CSI reference resource can occur before the aperiodic CSI triggering according to the current specification.

With this restriction there are a lot of constraints which risks the eIMTA performance. Given that it is expected not to increase UE complexity much, this restriction is not necessary.  If the concern is storing the samples too long, we can set the requirement so that the reference resource has to be no earlier than the one radio frame before the radio frame where CSI request is located.  This can make sure that all the downlink subframes can be selected as reference resource.  
Proposal 4:
· The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n

· If we need to define the earliest possible time for the reference resource, it should be at least one radio frame before the radio frame where CSI request is issued.  
3.2  Aperiodic CSI triggering with two subframe sets
The following alternatives of aperiodic CSI triggering for TM1-9 are discussed:

· Alt1: The CSI is reported for the subframe set associated with the PDCCH subframe, where the association of the PDCCH subframe and the subframe set is RRC configured separately, where the RRC configuration covers at least 2 frames. 
· Alt1’: The CSI is reported for the subframe set associated with the PDCCH subframe, where the association of the PDCCH subframe and the subframe set is predefined by spec, i.e.,
· Alt 2: The CSI is reported for the subframe set associated with the CSI reporting subframe, where the association of the CSI reporting subframe and the subframe set is RRC configured separately, where the RRC configuration covers at least 2 frames

· Alt 4: The CSI reported for a subframe set in subframe n is based on a dynamic indication

· One additional bit is included in the DCI format as aperiodic CSI triggering

	Value of CSI request field
	Description

	‘00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for the 1st CSI subframe set

	‘10’
	Aperiodic CSI report is triggered for the 2nd CSI subframe set

	‘11’
	Reserved


Alt 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 it 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.   If more flexibility is needed, Alt1 is closer to the current eICIC principle as the subframe set is still determined by the location of DL subframe.   For Alt2, it doesn't seem to have any sufficient advantage over Alt1and it changes eICIC principle.   For Alt4, it provides more flexibility but additional DCI bit is needed. 
Proposal 5: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets is preferrable.  
To extend this to multiple CSI-processes or CA case, Alt1/Alt1' is easier.  If Alt4 is adopted, it is desirable to follow the restriction that CSI of only one subframe set is reported in one UL subframe even for multiple CSI-processes or CA.  This restriction exists even for Rel-10 eICIC.  Any change needs to be justified by sufficient performance gain.
Proposal 6: Only one CSI subframe set of a serving cell can be triggered by one PDCCH for aperiodic CSI with multiple CSI-processes or CA.
4. Periodic CSI 
Regarding periodic CSI, the following working assumption was reached in email discussion [76-05].  
  For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions: 
- If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources
- If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources
- FFS if the eIMTA UE can omit reporting the periodic CSI or report OOR under certain conditions, and the corresponding conditions are also FFS

The working assumption should be confirmed.  It is unavoidable that UE has to store the samples from the previous radio frame(s) for P-CSI even this is no mis-detection of L1 signalling.  When the periodicity of P-CSI is larger than the periodicity of reconfiguration e.g.10ms, the UE doesn't know the future configuration so it has to store the current CSI measurement for the future use.  e.g. there are a few radio frames in between which follow SIB-1 config intentionally, the UE also can't find reference resources for flexible subframes.  In this case, it is still useful to have the UE reported the CSI according to the latest reference resource in the radio frames which have flexible subframes. Therefore, reporting OOR doesn't seem to be necessary. 

Proposal 7: Confirm the following working assumption:
· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions: 
- If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources

- If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources

5. Conclusion
In this contribution, we further discuss the details of CSI feedback enhancement for eIMTA.  Our proposals are summarized as below:
Proposal 1: The following restriction is removed for Rel-12 UEs supporting TDD eIMTA, irrespective whether the Rel-12 UE is enabled with eIMTA or not. 
“A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE”
Proposal 2:  Confirm the working assumption of minimum UE capability on the number of CSI processes for TDD eIMTA is one.   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}.

Proposal 3: The new configuration is supported by Rel-12 UEs supporting TDD eIMTA, irrespective whether the Rel-12 UE is enabled with eIMTA or not. This new configuration is also supported for 2, 3 and 4 configured CSI processes.

Proposal 4:

· The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n

· If we need to define the earliest possible time for the reference resource, it should be at least one radio frame before the radio frame where CSI request is issued. 
Proposal 5: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets is preferrable.  
Proposal 6: Only one CSI subframe set of a serving cell can be triggered by one PDCCH for aperiodic CSI with multiple CSI-processes or CA.
Proposal 7: Confirm the following working assumption:
· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions: 
- If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources

- If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources
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