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1 Introduction

In the RAN1#75 meeting, the following was agreed on CSI feedback:

· 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)
In this contribution, we focus on CSI-IM configuration and CSI reporting.
2 DL aperiodic CSI reporting 
For aperiodic CSI feedback, reporting multiple CSIs in one PUSCH is allowed, however both CSIs have the same CQI reference resource in this case, thus the current mechanism does not allow the eNB to obtain the CSIs of both sets in one aperiodic PUSCH report. Moreover, if Rel-10/11 aperiodic reporting rules are followed, UL grant for the flexible subframe set should be sent in a flexible subframe dynamically configured as DL. However, in certain cases, there might be no associated UL subframe to report the PUSCH if DL subframe is always configured in the flexible subframe set. 
Proposal 1: aperiodic CSI requests for flexible subframe set must be possible in any DL subframe including fixed DL subframes.
Some alternatives for aperiodic CSI reporting are presented below [1]. 
· 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 bit).

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

Since the situation is different for TM1-9 and TM10, we will discuss them separately.
3 DL aperiodic CSI reporting for TM1-9
1) CSI request field with 1 bit

For TM 1-9, when CA is not configured, there is only 1 bit. For this case, additional DCI bit is not expected to maintain the same overhead as before. In addition, if UL grant is transmitted in CSS, the additional DCI bit cannot be added into this UL grant since the same DCI payload size should be maintained to avoid additional blind decoding. Therefore, Alt 2-1 is excluded for this case. 
For Alt 1, the triggering scheme is similar as the current scheme. For Alt 1-1, if there is only one uplink subframe, its uplink grant will be located in only one set of downlink subframe. Accordingly, only one CSI can be reported, and the CSI of the other CSI measurement subframe set which does not carry uplink grant will never be reported. For Alt 1-2, CSI of the fixed downlink subframe will be reported on fixed uplink subframe, and CSI of the flexible downlink subframe will be reported on flexible uplink subframe. However, if all uplink subframe(s) are associated with one CSI measurement subframe set, the CSI of only one CSI measurement subframe set can be reported.
For Alt 2-2, the CSI request bit value 1 can only be associated with one CSI measurement subframe set and this association is configured by higher layer signaling. Therefore, if eNB wants to change the CSI measurement subframe set, this scheme would cause a large delay since the association is configured by higher layer signaling.
For Alt 3, always reporting two CSIs for both sets in each reporting instance whenever two CSI measurement sets are configured will double the overhead.

In summary, none of the alternatives can solve the issues mentioned in section 2 very well. 

The combined use of Alt 1-2 and Alt 3 for different cases would be preferable. If there are two UL subframe sets and two DL subframe sets, CSI of each DL subframe set can be associated with one of UL subframe sets to reduce the overhead. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI reports of both DL CSI measurement sets should be reported by one aperiodic CSI reporting triggering. Then the issues for both periodic reporting and aperiodic reporting can be solved.

Based on the above discussion, we have the following proposal:

Proposal 2: For TM 1-9 with 1-bit CSI request field, if there are two UL subframe sets and two DL subframe sets, CSI of each DL subframe set can be associated with one of the UL subframe sets. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI of both sets should be reported. 

2) CSI request field with 2 bit

For TM 1-9, when CA is configured, there are 2 bits. Since there are 2 bits, Alt 2-2 is more suitable. Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field. Alt 2-2 provides the flexibility for eNB to trigger aperiodic CSI reporting for either or both of the subframe sets with a single UL grant. In addition, Alt 2-2 is a simple solution with less standardization effort.
Proposal 3: For TM 1-9 with 2-bit CSI request field, higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field.
4 CSI feedback for TM10 
4.1 Consideration for Rel-11 CSI-IM constraint in eIMTA
The 2 CSI measurements needed for eIMTA are associated with distinct DL measurement subframe sets, so at least two CSI-IM resources need to be configured, one in each subframe set. Since the 2 CSI-IM resources need to occur in separate subframes within 5 ms, the constraint that “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” should be removed from the 36.213 specifications. Removing this constraint should not have an impact in the case of eIMTA since legacy UEs cannot be scheduled on subframes in the flexible set. The constraint should still apply if a UE is configured with multiple CSI processes with CSI-IM resources in the fixed subframe set, so that one ZP CSI-RS configuration allows Rel-10/11 UEs in TM1-9 to properly rate match the PDSCH around the CSI-IMs.
Proposal 4: The constraint “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” should not apply to the CSI-IM resources configured in the flexible subframe set.
4.2 CSI feedback for flexible subframe sets
According to the agreements in RAN1#74, separate CSI measurement/report can be allowed for two subframe sets which are suffering different interference types. One subframe set only suffers DL-DL interference which can be measured based on CSI-IM on fixed subframes, e.g. subframe #0/#1/#5/#6. Another subframe set will suffer both DL and UL interference from neighboring eNB(s) which needs to be measured on flexible subframes. 
Since fixed subframes are stable, RRC configured periodic CSI-IM in one CSI process can be in a fixed subframe and used for periodic and aperiodic reporting. However, flexible subframes are reconfigurable due to dynamic UL-DL reconfiguration, so a periodic CSI-IM configured on flexible subframes does not exist when the subframes are used as uplink subframes. Therefore, if at most 2 periodic CSI-IM resources can be configured to an eIMTA UE, there will be cases where the actual UL/DL configuration will not allow the UE to report CSI for the flexible subframe set.

Observation 1: if at most 2 periodic CSI-IM resources can be configured to an eIMTA TM10 UE, there will be cases where the actual UL/DL configuration will not allow the UE to report any CSI for the flexible subframe set.

This problem can be solved by either configuring multiple CSI processes with periodic CSI-IM resources in different flexible subframes as already possible since Rel-11, or it could be solved by defining an aperiodic CSI-IM resource. Since there are never more than 3 DL subframes within 5 ms in the flexible subframe set, at most 3 periodic CSI-IM resources are needed for guaranteeing that at least one CSI-IM resource always falls in a DL flexible subframe. Since the UE needs 1 periodic CSI-IM resource for the fixed subframe set, then depending on the solution a UE may be required to support 4 periodic CSI-IM resource configurations, or 1 periodic CSI-IM resource and 1 aperiodic CSI-IM resource.
Considering dynamic UL-DL reconfiguration, aperiodic CSI feedback is more reliable than periodic CSI feedback for the flexible subframe set, since CSI-IM measurement and reporting can be triggered only for the available and necessary subframes. In the rest of the paper, TM10 aperiodic CSI feedback with multiple periodic CSI-IM resources is considered.
Reusing the Rel-11 specifications of TM10, 5 ms periodic CSI-IM resources in N CSI processes are firstly configured in N different flexible subframes by RRC signaling, and these CSI processes are only configured for aperiodic reporting. The actually used CSI-IM resource is triggered by an UL grant according to the CSI process index in the CSI request field, i.e. the UE can only assume that the CSI-IM is present based on CSI request in UL grant.
Since one CSI-IM (with 5 ms period) can only be in one eIMTA subframe set, it is sufficient for the CSI request to indicate a CSI process index that meets 2 conditions: the CSI-IM is in the requested subframe set, and the CSI-IM is in a DL subframe of the actual eIMTA UL/DL configuration. It is up to proper eNB configuration to associate CSI processes with different eIMTA subframe sets by proper CSI-IM configuration, even without explicit configuration of subframe sets for CSI processes. It is nevertheless possible to also configure subframe sets for the CSI processes, which will just lead to a perfect overlap of the periodic CSI-IM and one eIMTA subframe set.
Proposal 5: For aperiodic CSI reporting for TM10, a CSI process index indicated by CSI request in UL grant is automatically associated with either the fixed or the flexible subframe set according to the CSI-IM resource configuration of the triggered CSI process. 

A UE does not need to be requested more than 1 CSI process for the flexible subframe set by an UL grant on an eIMTA carrier. This in turn allows limiting the UE processing complexity to the same level as if the UE supported only 1 CSI process. Even though the UE is configured with up to 3 CSI processes for aperiodic reporting in flexible subframes, complexity is limited by the constraint on triggering. The eNB can only request CSI feedback for a CSI process whose CSI-IM resource is in a DL flexible subframe. In order to further limit the UE complexity, the eNB could only be allowed to request CSI feedback for the CSI process with the lowest index among those whose CSI-IM resource is in a DL flexible subframe.

Furthermore, since all CSI processes for the fixed and flexible subframe sets intend to measure the same channel with different interference levels, all these CSI processes only need to be configured with the same NZP CSI-RS resource. Therefore, the channel estimation complexity is also the same as a single CSI process and the UE capability for eIMTA in TM10 shall not require the UE to be able to estimate more than 1 NZP CSI-RS resource.
The minimum UE capability for TM10 for an eIMTA UE should therefore be 4 CSI processes with the constraints above. This capability may only be supported when the UE is also configured with eIMTA. The UE capability for TM10 without eIMTA can still follow the Rel-11 principles. It is up to RAN2 whether TM10 UE capability signaling is reused or a new capability signaling is introduced for eIMTA. However, what is relevant is the processing complexity rather than the number of CSI process configurations that a UE has to be able to read in RRC. 
In summary, existing Rel-11 TM10 CSI measurements can already support the CSI feedback for eIMTA in TM10 by configuring multiple CSI processes with periodic CSI-IM resources. The actual processing complexity is the same as 1 CSI process with 2 subframe sets. The UE will never have to compute more than 2 CSIs since each CSI process will only produce a single CSI, and at most 1 CSI process is relevant for the flexible subframe set for a given eIMTA subframe configuration. Reusing the existing specified mechanisms should be the baseline in order to avoid introducing a double functionality for eIMTA.
Proposal 6: For an eIMTA-enabled UE configured with TM10, the minimum UE capability should be four CSI processes.
· If a CSI-IM resource is configured in the flexible subframe set, the CSI process can only be configured for aperiodic reporting.
· Only one CSI process whose CSI-IM resource is in the flexible subframe can be requested by an UL grant on an eIMTA carrier.
· All the configured CSI processes should be configured with the same NZP CSI-RS resource.
Note that in this case, the CSI reference resource may not need to be 5 subframes before the PUSCH reporting subframe, so the same definition of the CSI reference resource as 1 CSI process may still apply even though the UE is configured with more than 1 CSI process.
Certain DL subframes in the flexible set may not be associated with a PUSCH subframe. These subframes cannot carry an UL grant with a CSI request. However a pre-CSI-request can be sent without PUSCH allocation, to inform the UE to take interference measurements and indicate the location of the CSI-IM resource. Then, an UL grant is sent in a fixed DL subframe, referring to the latest triggered measurement in the flexible subframe set. The UL grant still needs to indicate whether the CSI request is for the fixed or flexible subframe set.

Proposal 7: The presence of a configured CSI-IM resource in a flexible DL subframe may be signaled in a DL DCI, allowing the UE to take interference measurements at the time of signaling. An UL grant sent in a later fixed DL subframe carries the CSI request, referring to the latest triggered measurement in the flexible subframe set.

Note that this mechanism could be used without configuring periodic CSI-IM resources in the flexible subframe set. Instead, an aperiodic CSI-IM could be configured the same way as a regular CSI-IM resource or without time-domain information. Then only one CSI process would be needed for the flexible subframe set, and one CSI process with a periodic CSI-IM resource for the fixed subframe set. The eNB would need to make sure to send the pre-CSI-request in a valid CQI reference subframe in the flexible subframe set, and the corresponding UL grant that points to the same valid CQI reference subframe.
Lastly, we analyze the impact on PDSCH rate matching. UEs may not know the CSI-IM configuration on flexible subframes. If they receive PDSCH on a flexible subframe, their performance will be affected. How to do PDSCH rate-matching needs to be considered. There are two options:
· Informed by PQI

PQI (PDSCH RE Mapping and Quasi-Co-Location Indicator) in DCI format 2D can indicate PDSCH rate matching, so eIMTA UEs with TM10 can be scheduled on a flexible DL subframe where a CSI-IM measurement is requested for another TM10 UE.
· Informed by L1 reconfiguration DCI
If there are enough bits in L1 reconfiguration DCI, PDSCH rate matching can be indicated by L1 reconfiguration DCI. With this method, all UEs with any TM can be scheduled on a flexible DL subframe configured with CSI-IM.
If L1 reconfiguration DCI is not present, then the eNB can only schedule TM10 UEs in a flexible DL subframe with a CSI-IM. However, usually, L1 reconfiguration DCI should be sent frequently (At least one L1 reconfiguration DCI within 10ms/20ms/40 periodicity window), so this method is reliable for UEs configured in TM1-9. 
Proposal 8: PDSCH rate matching can be informed by PQI for UEs with TM10 and L1 reconfiguration DCI for UEs with TM 1-10.
5 Conclusion

In this contribution, CSI-IM configuration and CSI reporting are discussed. The following proposals are provided:
Proposal 1: aperiodic CSI requests for flexible subframe set must be possible in any DL subframe including fixed DL subframes.
For TM1-9, the following is proposed to support aperiodic CSI feedback:

Proposal 2: For TM 1-9 with 1-bit CSI request field, if there are two UL subframe sets and two DL subframe sets, CSI of each DL subframe set can be associated with one of the UL subframe sets. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI of both sets should be reported. 

Proposal 3: For TM 1-9 with 2-bit CSI request field, higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field.
The following observation was made for TM10:

Observation 1: If at most 2 periodic CSI-IM resources can be configured to an eIMTA TM10 UE, there will be cases where the actual UL/DL configuration will not allow the UE to report any CSI for the flexible subframe set.

For TM10, the following is proposed to support aperiodic CSI feedback:

Proposal 4: The constraint “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” should not apply to the CSI-IM resources configured in the flexible subframe set.
Proposal 5: For aperiodic CSI reporting for TM10, a CSI process index indicated by CSI request in UL grant is automatically associated with either the fixed or the flexible subframe set according to the CSI-IM resource configuration of the triggered CSI process.
Proposal 6: For an eIMTA-enabled UE configured with TM10, the minimum UE capability should be four CSI processes.
· If a CSI-IM resource is configured in the flexible subframe set, the CSI process can only be configured for aperiodic reporting.
· Only one CSI process whose CSI-IM resource is in the flexible subframe can be requested by an UL grant on an eIMTA carrier.
· All the configured CSI processes should be configured with the same NZP CSI-RS resource.
Proposal 7: The presence of a configured CSI-IM resource in a flexible DL subframe may be signaled in a DL DCI, allowing the UE to take interference measurements at the time of signaling. An UL grant sent in a later fixed DL subframe carries the CSI request, referring to the latest triggered measurement in the flexible subframe set.

Proposal 8: PDSCH rate matching can be informed by PQI for UEs with TM10 and L1 reconfiguration DCI for UEs with TM 1-10.
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