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1 Introduction

In the RAN1#74 meeting, the following was agreed on interference mitigation:

· 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, we focus on CSI-RS/IM configuration, CRS configuration on flexible subframe and CSI reporting.

2 CSI-RS/IM configuration on flexible subframes 
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-RS/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. 
However, for eIMTA, since the UL-DL configuration could be dynamically changed, the periodic CSI-RS/IM configured on flexible subframes does not exist when the subframes are used as uplink subframes. To solve this problem, two solutions are given:
Solution 1: aperiodic CSI-RS/IM resource configuration
With this method, aperiodic CSI-RS and aperiodic CSI-IM will be transmitted only when aperiodic CSI reporting is triggered. In this way, eNB would not configure the measurement resource on the flexible subframes that are used as UL subframes. This method can meanwhile save the overhead of measurement resource when no measurement needs to be performed.

The aperiodic CSI-RS / CSI-IM measurement can be triggered by DL assignment or UL grant [1].
Solution 2: modified periodic CSI-RS/IM resource configuration
With this method, the eNB configures periodic CSI-RS/IM in flexible subframes and fixed subframes respectively. When a flexible subframe configured with CSI-RS/IM is used as uplink subframe, the corresponding CSI-RS/IM can be moved to another flexible subframe within the same subframe set that is used as downlink, e.g, the latest flexible DL subframe before the configured subframe. As shown in figure 1, subframe#3, #4, #8 and #9 compose a subframe set and eNB configures periodic CSI-RS/IM on subframe#8. When subframe#8 is used as UL, the periodic CSI-RS/IM resource configured in that subframe can be moved to subframe#4, since subframe#4 is the latest available DL subframe within the same subframe set as subframe#8. 
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Figure 1. Periodic CSI-RS/IM resource is moved from subframe 8 into subframe 4
Both solutions should be further considered，solution 1 is more flexible since the aperiodic CSI-RS/IM can be triggered anytime, solution 2 has less standard impact since only a rule of finding available DL subframe in flexible subframe set to transmit CSI-RS/IM is defined.
· Proposal 1: The following two solutions should be considered for CSI measurement on flexible subframe.
· Solution 1: Aperiodic CSI-RS and aperiodic CSI-IM resource configuration
· Solution 2: Modified periodic CSI-RS/IM resource configuration
3 CSI reporting

In eIMTA, CSI for two sets of downlink subframes may be quite different, so separate CSI measurement/report for two sets of subframes is essential. 
For periodic reporting, in legacy PUCCH, only one CSI can be reported in one subframe, which is problematic for some configurations such as 2 and 5 where there is only one uplink subframe in an uplink-downlink switch-point periodicity. 
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. 
The CSI reporting mechanism should therefore be enhanced for both periodic reporting and aperiodic reporting to support separate CSI report for two subframe sets. 
Based on the above discussion, we have the following proposal:

Proposal 2: Enhanced CSI reporting mechanism should be supported to report separate CSI of two subframe sets for periodic reporting with configuration 2 and 5 and for aperiodic reporting.

There are some alternatives for aperiodic CSI reporting as below. 
· 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.

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 can be located in only one set of downlink subframe. For this case, 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. The same issue may happen to Alt 1-2. If alt 1-2 is used, 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. If there is all uplink subframe(s) associate with one CSI measurement subframe set, only CSI of one CSI measurement subframe set can be reported.
For Alt 2-1, an additional DCI bit is introduced which increases the overhead of UL grant. 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. For Alt 2-2, only one bit in CSI request field in case of CSS, this CSI request bit only can associate to 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 two-bit CSI request field in case of UESS, the two bits are used to trigger the aperiodic reporting for CA case.  If reusing these two bits for eIMTA to indicate the reporting for different CSI measurement subframe set, this scheme will be difficult to support aperidic CSI reporting when both CA and eIMTA are deployed in system.
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 proposal 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 3: 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. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI of both sets should be reported. 
4 CRS configuration on flexible subframe

CRS configuration is related to DL transmission mode and whether EPDCCH capability is available for UE. If CRS is not transmitted on flexible subframe, only UEs configured with transmission mode 10 and EPDCCH can be scheduled. Moreover, supporting the CRS-based SFBC as a robust transmission mode will be useful to cope with unreliable CSI caused by frequency variations of the interference from neighbour cells. In addition, EPDCCH is an optional feature for Rel-11 UEs, so it is not clear whether an eIMTA-enabled UE would have the EPDCCH capability. Therefore, CRS with normal structure should be supported on flexible subframe.
On the other hand, it is observed that CRS would cause inter-cell interference on flexible subframes, so it is beneficial to reduce CRS overhead on flexible subframes as much as possible. There are two methods to reduce CRS overhead on flexible subframes:

· Method 1: CRS is totally removed.

With method 1, CRS interference and overhead can be completely reduced. In this case, PDSCH and EPDCCH could be transmitted from the first symbol with some additional standardization work and almost no implementation complexity. 

· Method 2: MBSFN subframe is configured [2].

With method 2, although the majority of CRS overhead can be saved, interference from CRS cannot be totally avoided since CRS still exists on the first one or two symbols. In addition, this method also requires some specification change in RAN2 as currently an MBSFN subframe cannot be configured in SIB-1 indicated UL subframes. 
Method 2 could have less standardization work than method 1, but method 1 can totally reduce CRS interference and overhead with reasonable standard effort.  Thus, it is preferred that CRS can be totally removed to reduce CRS interference and overhead on flexible subframe by configuration.
From the above analysis, to suit different cases, CRS configuration can be configured by eNB, i.e. CRS can be configured with normal structure or totally removed on flexible subframe. To indicate whether CRS exists on flexible subframe or not, RRC signaling [3] or UE-group-common PDCCH can be used.
Proposal 4:  CRS can be configured with normal structure or totally removed on flexible subframe.
5 Conclusion

In this contribution, CSI-RS/IM configuration, CRS configuration on flexible subframe and CSI reporting are discussed. The following observations and proposals are provided:
· Proposal 1: The following two solutions should be considered for CSI measurement on flexible subframes.

· Solution 1: Aperiodic CSI-RS and aperiodic CSI-IM resource configuration
· Solution 2: Modified periodic CSI-RS/IM resource configuration
· Proposal 2: Enhanced CSI reporting mechanism should be supported to report separate CSI of two subframe sets for periodic reporting with configuration 2 and 5 and for aperiodic reporting.

· Proposal 3: 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. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI of both sets should be reported.
· Proposal 4: CRS can be configured with normal structure or totally removed on flexible subframe.
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