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1 Introduction
In RAN1#74, DL CSI measurements in TDD eIMTA were discussed with the following agreements:
· 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 this contribution, details of UE CSI measurement and feedback in TDD eIMTA are discussed.
2 Discussion
2.1 Supported DL transmission modes
Although TDD eIMTA is introduced in Rel-12, it is highly preferred that all existing transmission modes can be used for UEs enabled with TDD eIMTA. To be specific, existing transmission modes can be configured to a UE enabled with TDD eIMTA and the transmission mode can be used in both fixed DL subframes as well as DL subframes reconfigured from UL subframes. This is beneficial in that the application scenario for TDD eIMTA is extended and existing implementations can be reused as much as possible. It should be noted that this has relationship with the subframe structure for the reconfigurable subframes, as discussed in [1].
Proposal 1: 
All existing transmission modes shall be supported in all downlink subframes for UEs enabled with TDD eIMTA.
2.2 Support of subframe set specific CSI measurements/reports
According to the current agreements, up to two subframe sets can be configured for a UE for separate CSI measurement and report. The motivation is to obtain separate CSI for subframes with different interference conditions from neighbor cells, i.e. eNB-to-UE or UE-to-UE interference. Depending on the dynamic UL-DL reconfiguration in the neighbor cells, the interference level/type experienced across subframes may be different. However, it is not practical for the serving eNB to accurately identify the interference type experienced by the UE in a subframe since the actual usage of UL-DL configuration in the neighbor cell is not known by the serving eNB due to the following reasons. First, only intended UL-DL configuration is exchanged on backhaul, which may or may not be the UL-DL configuration actually used. The second is the uncertainty of the backhaul delay. 
Therefore, in practice the serving eNB can only roughly estimate the subframe usage in the neighbor cell by the historical information about the intended UL-DL configuration, and semi-statically configure two CSI subframe sets for the UE, e.g. according to whether the transmission direction may or may not change in each subframe. Current mechanisms for dual CSI measurements can be reused, i.e. restricted measurement subframe sets defined in Rel-10 eICIC and the CSI process(es) defined in the Rel-11 CoMP. It should be noted that the support of restricted measurement subframe sets is madatory by a UE and can be applied with all existing transmission modes. So it should be supported and enhanced to fulfill the requirement of TDD eIMTA. In transmission mode 10, CSI is measured based on CSI process(es). Therefore, subframe set specific CSI measurement based on CSI process(es) should also be supported for UEs capable and configured in transmission mode 10 and enhancements according to the requirement of TDD eIMTA should also be considered.
Proposal 2:

In TDD eIMTA, CSI measurement subframe sets for a UE are configured semi-statically. 
2.2.1 Reuse of restricted CSI measurement set
eNB can configure two subframe sets 
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 according to the different interference types that may be seen. For example, fixed downlink subframes are configured as 
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 and other downlink subframes are configured as 
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. The bitmap indication of subframe sets defined in RRC specification provides sufficient flexibility in configuring subframe sets for TDD eIMTA. One limitation is that this configuration is not supported on a Scell in case of CA, since eICIC was targeted for co-channel deployment. However, it is has been agreed in RAN#74bis that TDD eIMTA can be used in combination with CA. Therefore, the restricted subframe set configuration for CSI measurements on a Scell in case of CA should be supported in Rel-12. 
Proposal 3: 
Reuse the restricted CSI measurement sets for TDD eIMTA and extend the configuration of restrict CSI measurement set to Scell in case of CA.
In addition, the reliability of UL signals in fixed uplink subframes is typically higher than that in reconfigurable subframes since no eNB-to-eNB interference can arise in the former case. It is preferred that CSI is fed back in fixed uplink subframes. For periodic CSI feedback on PUCCH, it is not supported in the current specification to include CSI of both subframe sets into one PUCCH transmission. However, by implementation the periodic CSI feedback for the two subframe sets can be configured in a TDM manner in different fixed uplink subframes.  
Proposal 4: 
Reuse existing periodic CSI reporting mechanisms defined for restricted CSI measurement sets for TDD eIMTA.
For aperiodic CSI reporting, currently in each PUSCH transmission (in subframe n+k), only the CSI for DL subframe carrying the UL grant (in subframe n) can be reported. According to the UL grant to PUSCH timing defined in current specification and assuming that PUSCH HARQ/scheduling time follows UL-DL configuration #0 (as an important implementation choice in practice), then only CSI for DL subframe #{0,1,5,6} can be reported. This means eNB is not able to get the aperiodic CSI feedback for reconfigurable subframes, which is highly not desirable. Note that such limitation can occur in other UL-DL configuration. Therefore it is proposed to agree on a solution to support aperiodic CSI reporting for both subframe sets. 
Table k or TDD configurations 0-6 (Table 8-2 in [4])
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Three types of solutions for aperiodic CSI triggering have been identified [3] as in the following:

· 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 does not support CSI reporting for both subframe sets in one aperiodic CSI reporting instance. Therefore the eNB shall trigger two aperiodic reporting if CSI for both subframe sets are required. This increases the overhead for UL grant and possibly PUSCH when the UE has only downlink traffic since CSI may be transmitted on PUSCH without data. Alt-1 requires RAN1 specification work defining new timing relationship between DL/UL subframe and CSI subframe set according to each SIB-1 UL-DL configuration, but the RAN2 impact may be less than Alt-2.
Alt-2 provides the flexibility for eNB to trigger aperiodic CSI reporting for either or both of the subframe sets with a single UL grant. Further discussion is needed considering the tradeoff of triggering flexibility and DCI overhead in order to decide between Alt 2-1 and 2-2. RAN2 specification work is required by Alt-2 to configure the linkage between the CSI triggering bit states and the CSI processes/subframe sets, and RAN1 impact is minimal. The UE complexity is not an issue for Alt2. As UE should anyway be able to measure and calculate separate CSI for each subframe set, putting two CSI feedback in a single reporting instance does not increase much complexity.  

Alt-3 is the simplest mechanism with least spec impact. But it increases the overhead by always mandating two CSI reports for both subframe sets. There are some cases in which eNB only wishes to get CSI for one subframe set. For example when the traffic condition is uplink heavy and UL-DL configuration #0 is used, only CSI for fixed subframe set is necessary. 
To summarize, our preference is Alt2 and slightly prefer Alt 2-2 without adding new DCI bits.
Proposal 5:
For a UE configured with TDD eIMTA, two aperiodic CSI triggering bits shall exist in UL grant if CSI subframe sets are configured, and it is supported to trigger aperiodic CSI for both subframe sets in a single UL grant.
2.2.2 Reuse of CSI process(es) in transmission mode 10
For TM10, the number of supported CSI processes is defined as a UE capability. Hence, the design should consider all UE capabilities. 
For UEs configured with one CSI process, in current specification it is supported that UE measures interference on CSI-IM in different sets of subframes if two subframe sets 
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are configured. To be specific, for a given CSI subframe set, UE measures interference only based on CSI-IM in subframes corresponding to the subframe set. As mentioned before, it is typical that fixed and reconfigurable subframes are configured as separate subframe sets. However, by current specification, the CSI-IM periodicity cannot be less than 5ms, which means that one CSI-IM configuration cannot cover both fixed and reconfigurable DL subframes [5]. Hence some enhancement is needed for TDD eIMTA. The solution can be either defining CSI-IM periodicity of less than 5ms or allowing two CSI-IM configurations for one CSI process. From UE complexity perspective, there is no increase by either approach compared to the existing mechanisms since anyway UE shall separately measure interference for the two subframe sets. The latter solution is preferred since it may not increase the overall overhead for CSI-IM.
For UEs configured with multiple CSI processes, the above solution should also be considered so that eNB can configure CSI-IM for the two CSI processes to be in fixed and reconfigurable subframes separately. The existing mechanisms for CSI measurement and report for multiple processes can be reused if CSI-IM can be configured with less than 5ms time distance. As the ZP CSI-RS is configured with a minimum periodicity of 5ms, to allow CSI-IM configured in both subframe sets, the restriction that a UE’s all configured CSI IM resources are a part of possible ZP CSI-RS shall be removed.
Proposal 6:
CSI measurement and report for both fixed and reconfigurable subframes shall be supported for a UE configured with TM10 and TDD eIMTA, by allowing two CSI-IMs to be configured for a single CSI process.
Proposal 7:
The restriction that a UE’s all configured CSI IM resources are a part of possible ZP CSI-RS shall be removed.
3 Conclusions
In this contribution, CSI measurements and feedbacks in TDD eIMTA are discussed. Given the discussion and analysis above, we have the following proposals.
Proposal 1: 
All existing transmission modes shall be supported in all downlink subframes for UEs enabled with TDD eIMTA.

Proposal 2:

In TDD eIMTA, CSI measurement subframe sets for a UE are configured semi-statically. 
Proposal 3: 
Reuse the restricted CSI measurement sets for TDD eIMTA and extend the configuration of restrict CSI measurement set to Scell in case of CA.
Proposal 4: 
Reuse existing periodic CSI reporting mechanisms defined for restricted CSI measurement sets for TDD eIMTA.
Proposal 5:
For a UE configured with TDD eIMTA, two aperiodic CSI triggering bits shall exist in UL grant if CSI subframe sets are configured, and it is supported to trigger aperiodic CSI for both subframe sets in a single UL grant.
Proposal 6:
CSI measurement and report for both fixed and reconfigurable subframes shall be supported for a UE configured with TM10 and TDD eIMTA, by allowing two CSI-IMs to be configured for a single CSI process.
Proposal 7:
The restriction that a UE’s all configured CSI IM resources are a part of possible ZP CSI-RS shall be removed.
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