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1. Introduction 
The following agreements have been reached on CSI measurement for TDD eIMTA

· 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
The outstanding issues for TDD eIMTA CSI measurement and feedback are summarized in [1]:
· Configuration of CSI measurement subframe set

· CSI-IM resource configuration 

· Periodic/aperiodic CSI reporting 
An email discussion on these outstanding issues was held between RAN1#74bis and RAN1#75. In this contribution we provide our views on these aspects. 
2. Overview of Rel.11 CSI feedback

The legacy CSI definitions and procedures are summarized below:
· CSI report in subframe n is a hypothetical PDSCH TBS that can be received with <10% BLER in the CSI reference resource, where the CSI reference resource is defined as a set of PRBs in the frequency domain, and a single subframe 
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in the time domain.
· CSI reference resource is where CSI is valid for and can be tested, not necessarily where CSI is measured.
· CSI reference resource does not have to include CSI-RS or CSI-IM.
· CSI reference resource shall be a valid downlink subframe. 

· CSI reference resource in the time domain corresponds to 

· Periodic CSI on PUCCH:   the latest valid downlink subframe 
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· Aperiodic CSI on PUSCH: the subframe where UL grant triggering CSI report is received. 
For Rel.10 feICIC, enhanced interference measurement is achieved through restricted CSI measurement subframes. Specifically, two downlink subframe subsets are defined which enable separate interference measurement and feedback for two distinct interference conditions. In particular:

· A CSI reference resource belongs to either subframe set CCSI,0 or CCSI,1
· CSI subframe set for the CSI reference resource is configured by higher layer.
· Periodic CSI feedback:    CSI periodicity and offset are separately configured for each subframe subset by RRC higher layer signaling. 
· Aperiodic CSI feedback:  One CSI report includes CSI for one subframe subset, whose CSI reference resource lies in the subframe carrying the triggering UL grant. 
Regarding interference measurement: 

· For TM 1-9, interference is measured on CRS. The exact measurement procedures are left to UE implementation. 
· For TM 10, a UE shall derive interference measurement based only on ZP-CSI-RS within the configured CSI-IM resource. If subframe sets are configured, the configured CSI-IM resource within the subframe subset belonging to the CSI-reference-resource is used to derive the interference measurement. 

3. Discussion on TDD eIMTA
3.1. Subframe set

For a UE configured in TDD eIMTA, a downlink subframe can be either a static DL subframe or a flexible DL subframe (e.g. signaled by dynamic L1 reconfiguration). As these two types of downlink subframes experience different interference condition, separate CSI measurement and feedback for different types of subframes seems beneficial. There are two possible solutions to this problem: 

· Alt-1: Redefine the CSI-process so that one CSI-process corresponds to one CSI-RS resource and two CSI-IM resources, where each CSI-IM resource is used to measure interference in each corresponding subframe set. In this case, Rel.10 feICIC mechanism can be reused. 
· Alt-2: Configure two CSI-processes for TDD eIMTA UEs targeting two subframe sets, where the periodicity and offset of CSI-RS/CSI-IM for each CSI-process is configured separately targeting the corresponding subframe set. In this case, Rel.11 TM10 mechanism can be reused for eIMTA. 
Technically, both mechanisms mandate two CSI measurements, provide the same CSI feedback flexibility and do not have any meaningful different in UE complexity. However, alt-1 may result in more specification changes than alt-2, for instance the CSI triggering mechanism needs additional enhancement. Alt-2 requires less specification effort but doesn’t support TM 1-9 unless multiple CSI-processes are allowed. Regardless which alternative is adopted, we still have to agree on what is supported for TM 1-9.  
Proposal: 

· Discuss whether to change the CSI-process definition so that one CSI-process corresponds to two CSI-IM resources in two subframe sets, or keep the CSI-process definition and configure two CSI-processes for TDD eIMTA UE. 
In Rel.11 the minimum CSI periodicity depends on the SIB1 UL/DL configuration. Configuring the CSI periodicity to at least 10ms provides support for CSI measurement in both static and flexible DL subframes. The latency impact is negligible since eIMTA is designed for low speeds.

3.2. Aperiodic CSI reporting

For feICIC, one UL grant triggers one CSI report for the subframe subset that includes the UL grant. For TDD eIMTA, since UL HARQ timing follows the SIB1 UL/DL configuration and UL grant can only be transmitted in a static DL subframe (e.g. subframe subset 0), it may become impossible to trigger CSI report for flexible DL subframe (e.g. subframe set 1) if the legacy CSI triggering timing is reused. The email discussion between RAN1#74bis and RAN175 listed the following possible solutions: 
· 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 3 is undesirable as it mandates the maximum feedback overhead all the time and unnecessarily increases the UE complexity. This issue can be quite severe when TDD eIMTA is configured simultaneously with TM 10 with multiple CSI processes. Alt 1 is undesirable either since it incurs additional scheduler restriction. Comparing alt 2-1 and 2-2, alt 2-1 is more restrictive as eNB can only trigger one CSI report with one UL grant at a time. This mandates the eNB to transmit many more (E)PDCCH in order to trigger CSI for both subframe subsets, not to mention the payload increase per UL grant. Furthermore, if different TDD UL/DL configurations are configured in different cells, how to use this 1-bit additional signaling to trigger CSI reports for different cells is another issue. 
As such, at this moment we see alt 2-2 as a simpler solution with less specification impact, if it is agreed to have one CSI-process with two CSI-IM resources. However, if two CSI-processes are configured for eIMTA UE, it is possible to reuse the TM10 triggering mechanism where the set of CSI-processes for each triggering state is configured by higher-layer.
Proposal: 

· If one CSI-process with two CSI-IM is agreed, consider higher layer signaling configuration of the CSI subframe set to be reported for each state of the existing CSI request field (no additional bits).

3.3. Periodic feedback

For periodic feedback, one PUCCH shall consist of one CSI for one subframe subset. We don’t see the need to increase the payload of existing PUCCH formats or define new PUCCH formats with higher payload. 
· If one CS-process corresponds to two CSI-IM resources, the same mechanism for Rel.10 feICIC can be used where the PUCCH periodicity and offsets for two subframe subsets can be configured independently by higher-layer RRC signaling. Collision handling could reuse the existing Rel.10 feICIC mechanism, i.e. the eNB should configure the PUCCH periodicity/offset to avoid PUCCH collision between two subframe sets, and UE behavior is undefined in case of collision. 
· If two CSI-processes are configured for two subframe sets, the Rel.11 TM10 mechanism can be reused where the PUCCH periodicity/offset for each CSI-process set is configured by higher layer. CSI collision handling may reuse TM10 mechanism e.g. dependent on CSI-process index. 
4. Conclusions

In this contribution we discuss the open issues for CSI feedback for TDD eIMTA. 

Proposal: 

· Discuss whether to change the CSI-process definition so that one CSI-process can correspond to two CSI-IM resources for two subframe sets, or keep the CSI-process definition and configure two CSI-processes for TDD eIMTA UE. 

· If it’s agreed to change the CSI-process definition (e.g. associated with two CSI-IM resources), reuse the Rel.10 subframe subset mechanism for Rel.12 TDD eIMTA CSI feedback for static and flexible DL subframes. 

· For aperiodic CSI, higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).

· For periodic CSI, reuse the CA/CoMP CSI feedback mechanism, where the PUCCH periodicity and offset for each subframe set is independently configured. 
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