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1. Introduction
In RAN#58, a new work item of LTE_TDD_eIMTA was approved [1].  The objective of this work item is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the supported time scale together with the necessary signalling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signalling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;
As different TDD configurations can be configured by adjacent cells, different DL subframes may experience different inter-cell interference depending on if corresponding subframes of other cells are configured UL or DL. It is necessary to consider separate CSI measurement for different types of DL subframes in eIMTA. 
In this contribution, CSI measurement for eIMTA is discussed, and anchor-based CSI measurement schemes are proposed. 
2. Background
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                                                     Figure 1 illustration of anchor/non-anchor subframes

In eIMTA system with dynamic UL-DL configuration, there are two types of subframes:
· Anchor subframes: subframes #0/1/5/6 are fixed as DL, and they will always experience conventional eNB-UE inter-cell interference.
· Non-anchor subframe: the link directions of subframes #3/4/7/8/9 can be changed dynamically. These subframes may experience a mixture of eNB-UE and UE-UE inter-cell interference.
According to [2], SINRs vary noticeably across these two types of subframes due to different types of interference. Therefore, it is necessary to consider separate CSI measurement for different types of subframes.
3. Discussions
A variety of CSI measurement approaches were proposed in RAN1#73, including:
· Restricted-subframe CSI measurement: It is developed from the restricted CSI measurement in eICIC, and supports all transmission modes [3-4]. In this scheme, two restricted subframe sets, e.g., one for anchor subframes and the other for non-anchor subframes, are configured for one CSI process. UE can separately feedback these two CSI reports similar as in eICIC. However, the following aspects of this scheme may need further consideration:
· Adaption time scale: In eICIC, two separate subframe sets are configured for UE via high-layer signaling, and with a fixed periodicity, e.g. TDD configuration 0 has a long periodicity of 70ms. Such periodicity may not timely track dynamic reconfiguration in eIMTA.
· IMR constraint:  As discussed in [4], it is not possible to configure IMR in non-anchor subframes for a UE with single CSI process in TM10 because the interval between the two subframe sets is not an integer multiple of 5ms.
· Multiple CSI processes in non-anchor subframes: It is developed from the multiple CSI processes approaches in Rel-11 CoMP, and supports UEs with TM10 capability [4-7]. In this scheme, in addition to the CSI process in anchor-subframes, another CSI process is configured with its IMR in non-anchor subframes. Both periodic and aperiodic IMR configurations are proposed. There are a few aspects of this scheme may need further consideration, e.g.: 
· IMR constraint: For backward compatibility, the current specification imposes a constraint on IMR, i.e., all the IMR resources configured for one UE shall be able to be covered by one ZP (zeros power) CSI-RS configuration. In other word, all IMR resources for one UE must fall into a k*5 grid, where k is an integer and k≠0. This constraint makes it impossible to configure one IMR in anchor subframes and another in non-anchor subframes. Although some companies proposed that this IMR constraint is artificial [4], no consensus was achieved in CoMP discussions. 
· Coordination between eNBs: IMR configuration in non-anchor subframes depends on the interference information from neighbour cells [4]. Latency of X2-based eNB coordination may need further study for eIMTA. 
· Overhead: For a UE in TM10, one CSI process will include a NZP CSI-RS resource for channel measurement and an IMR resource for interference measurement. Configuring multiple CSI processes in eIMTA will thereby increase reference signal overhead, and impact system performance. 
· Measurement latency: UE may have to wait for a long time to measure CSI in non-anchor subframes. For example, eNB may use TDD configuration 0 for a long time in a UL-heavy scenario. This will cause outdated CSI report for non-anchor subframes.
· Two CSI processes in anchor subframes: [5] proposed to configure two IMRs in anchor subframes, and interfering TP is muted in one of the IMRs. The CSI measured in this IMR can be utilized for non-anchor subframes under the assumption that UE-UE interference is negligible. This scheme does not conflict with the periodicity constraint of IMR. However, following aspects need to be considered:
· eNB coordination and overhead: it is similar to the above Multiple CSI processes in non-anchor subframes scheme.
· Accuracy: the assumption of negligible UE-UE interference may require evaluation for justification.  We note that in the eIMTA study phase it was decideed that in the small cell eIMTA scenarios, the UE-UE intereference was not significant. 
It can be seen that the first two schemes need noticeable standard efforts due to eICIC signaling and IMR constraints in current specifications. Considering the tight schedule of the eIMTA work item, we propose:
Proposal 1: Restricted-subframe CSI measurement and anchor-based CSI measurement schemes should be considered with priority.
4. Anchor-based CSI measurement
4.1. Single CSI process
In this scheme, only one CSI process is configured in anchor subframes. It can support all transmission modes. For UEs in TM1-9, CRS in anchor subframes is used to measure channel/interference for CSI reporting. For UEs in TM10, NZP-CSI-RS/IMR configured in anchor subframes are used to measure channel/interference and feedback. While MCS for anchor subframes can be based on reported CSI, MCS for non-anchor subframes can be adjusted based on CSI and some hypothesis, which is up to eNB implementation. 

In summary, single CSI process scheme complies with the periodicity constraint of IMR, supports all transmission modes and has small reference signal overhead.
4.2. Multiple CSI processes
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Figure 2 illustration of multiple CSI processes scheme

In this scheme, multiple CSI processes are configured in anchor subframes, with TDD UL-DL configuration-specific IMR. An example with 3 CSI processes is shown in Figure 2, where IMR I3 is for common anchor subframe CSI measurement, and IMRs I1 and I2 are eIMTA-specific resource to measure interference level in non-anchor subframe #3/8 and #4/9, respectively. Specifically, if subframe #3/8 of cell-1 is DL, eNB transmits PDSCH in the resource corresponding to IMR I1 of cell-2; otherwise, cell-1 may transmit a non-PDSCH signal in this resource, e.g., if we assume UE-UE interference is negligible, we can just mute this resource. In other words, the interference in non-anchor subframes #3/8 is emulated in frequency resource in I1 of anchor subframes. Similarly, we can configure IMR I2.
Note that in this scheme, IMR configuration depends on TDD configuration. eNBs can statically coordinate the resource used for IMRs, and the reference signal overhead of IMR can be reduced.  Compared with single CSI process scheme, the multiple CSI processes scheme will have better performance but larger overhead. 
Proposal 2: For anchor-based CSI measurements, consider single CSI process and multiple CSI process IMRs. The multiple CSI process IMRs can represent anchor as well as non-achor subframe interference.  
5. Conclusions

In this contribution, we discussed the CSI measurement in eIMTA. We analyze the proposed schemes in RAN1#73, and propose to focus on anchor-based CSI measurement. Two kinds of anchor-based solutions are proposed. In particular, we propose:
Proposal 1: Restricted-subframe CSI measurement and anchor-based CSI measurement schemes should be considered with priority. 
Proposal 3: For anchor-based CSI measurements, consider single CSI process and multiple CSI process IMRs. The multiple CSI process IMRs can represent anchor as well as non-achor subframe interference.
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