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1 Introduction
At the RAN1#74 meeting, the DL measurements enhancements have been discussed to facilitate DL-UL interference mitigation techniques in LTE-TDD systems with the dynamic UL-DL reconfiguration. The RAN1 WG has made the following agreements [1]:

· 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 provide our views on the remaining aspects of the CSI measurement enhancements and transmission modes to be supported by LTE-TDD eIMTA systems.
2 Signaling of Subframe Measurement Sets
At the RAN1#74bis meeting, it was agreed that up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report. The mechanism of resource-restricted CSI measurements is already supported in LTE specification. The RRC signalling can configure measurement subframe patterns for UE with two independent sets of subframes 
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, that are not permitted to overlap. This mechanism allows eNodeB to compare a UE’s CSI reports for different sets of subframes.
In application to LTE-TDD eIMTA, the existing subframe sets and signaling can be reused, so that one of the subfame sets targets CSI measurements on static DL subframes and the second subframe set serves for measurements on flexible subframes that can change transmission direction from UL to DL. The existing mechanism of semi-static signaling of these subframe sets is sufficient to measure the mixed DL inter-cell interference and UE-UE interference. In our view, the need for dynamic configuration of subframe patterns is not justified. First of all, the overall CQI measurements and reporting for flexible subframes is more an optimization problem. In considered small cell deployments, the CQI is rather high and as it was shown in multiple evaluations, in majority of the cases it becomes even better at the flexible subframes, when part of eNodeBs operates in UL. This is due to the fact, that additional UE-UE interference is relatively small due to UL PC and increased channel attenuation. Although, the UE-UE interference may exist it can be detected if one of the measurement subframes points to the flexible subframes. For instance, the subframe # 3 is a good candidate for measurements of the mixed DL and UL inter-cell interference, so that DL CQI in UL inter-cell interference can be observed if measurements are conducted in SF#3. In addition, the base station outer loop adaptation mechanisms can be used to adjust CQI on other flexible subframes, if necessary.
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Proposal 1:
· Mechanism of semi-static signaling of subframe measurement sets is reused.
3 CSI Measurements
For CSI information reporting, the both channel and interference measurements are needed [2]. In DL, the channel measurements can be done on static DL subframes, while the interference measurements may need to be conducted on both DL static and flexible subframes. For TMs 1-9, the interference is measured using CRS signals, while channel estimation for CSI reporting is done either CRS or CSI-RS depending on TM. Therefore assuming that CRSs are transmitted on flexible subframes and CSI-RSs are transmitted on static subframes the whole set of CSI measurements may be generated on both regular and flexible subframes. However, for TM10 the interference measurements are conducted using CSI-IMs. These resources were introduced in LTE Rel-11, to support CSI feedback for downlink CoMP systems.

CSI-IM represents a set of physical resource elements configured by the network for interference measurements. In specification, the CSI-IM is defined by two parameters – subframeConfig and resourceConfig, which describes the set of downlink subframes and resource elements respectively, where CSI-IM is transmitted. In addition, in Rel-11 CSI-IM configuration is restricted to be always a subset of resource elements configured as zero-power CSI-RS.

From practical consideration, support of interference measurements for eIMTA using single CSI process is always preferable. However with single CSI process, only one CSI-IM configuration can be supported by the UE. In this case it might be not possible to have CSI-IM resource transmissions residing on different types of downlink subframes (flexible and static). This is due to CSI-IM periodicity of multiple of 5ms. One solution proposed in [3] is to introduce a new CSI-IM subframe configuration with periodicity of 1ms and using subframe sets for independent interference measurements. In that case, the UE with single CSI process is able to report two CSI corresponding to the two CSI subframe sets. However this approach may have larger overhead due to muting of PDSCH transmission from the serving cell on every downlink subframe.

Another alternative is to extend CSI-IM configuration to have one more parameter subframeConfig2. Similar to the proposal in [3] the independent interference measurements for flexible and regular subframes can be achieved by using subframe sets. However the relative overhead due to muted PDSCH from the serving cell will be smaller. Figure 1 illustrates the proposed extension to CSI-IM configuration.
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Figure 1: Extended CSI-IM configuration

Finally it should be noted that with help of additional resourceConfig2 parameter (in addition to subframeConfig2) it might be possible to achieve CSI-IM hopping, which is needed to randomize CSI-IM collisions among neighbouring cells [4].
Proposal 2:

· To enhance interference measurements for CSI in eIMTA scenarios consider extensions to CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2.

4 CSI Reports

There are two CSI reporting modes defined in LTE: aperiodic and periodic. For eIMTA system, support of both CSI reporting may be desirable to assess interference environment on two subframe measurement sets.

For CSI reporting the CSI reference resource is explicitly defined by LTE specification. In time domain, it is defined as
· for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

For periodic mode, the CSI reference resource is a valid downlink subframe which is at least four subframes away from the subframe configured as a reporting instance. For periodic CSI reporting, the eNodeB, may configure CSI reporting instances for different measurement subframe sets on UL static or on flexible subframes. In general, it is possible to configure both reporting instances on UL static subframes even if only one static subframe is available. However the reporting period is likely to increase in that case. Another alternative is to configure reporting instances on flexible subframes. In this case, the report may be sent only if current subframe is used for UL transmission. However, eNodeB can still control it by selecting proper UL-DL configuration. Although it should be noticed, that static UL subframes may be a more reasonable choice in terms of reliability.
For aperiodic mode, the CSI reference resource is linked to the DL subframe, where DCI UL grant (that triggers aperiodic CSI report) is sent. Therefore DL subframes from the different subframe measurement sets should be used to trigger aperiodic reports for different subframe measurement sets. In particular, in order to trigger CSI report for flexible subframe, the UL grant with aperiodic report trigger should be sent on one of the flexible subframes. The latter one, may contradict RAN1 WG agreements that the DL favored UL-DL configurations 2 or 5 are supposed to be used for DL HARQ timeline and UL-DL configuration from SIB1 or RRC configured UL-DL configuration is used for UL HARQ timeline. In this case, the DCI on flexible subframe cannot be used for scheduling UL grant and thus aperiodic report will not be triggered. The potential solution to this problem is to reuse bitmap patterns for subframe measurement sets.  In order to indicate which DL static subframes used for triggering aperiodic CSI reports for measurement subframe set-0 and which for subframe set-1. For instance, it may be possible to use combinations of bits {1 – set 0, 1 – set 1} in both bitmap patterns at the positions of static subframes in order to mark subset of SIB1 configured DL subframes for triggering aperiodic CSI report for subframe set 1. It should be noted that measurement subframe set bitmap patterns are mutually exclusive according to specification. For eIMTA systems, these sets can be mutually exclusive in terms of subframe sets used for measurements and non-exclusive on DL subframes used for aperiodic CSI triggering.
Proposal 3:
· Use combinations of bits {1,1} in bitmap patterns of subframe measurement sets to indicate SIB-1 DL static subframes, used to trigger aperiodic CSI reports for flexible subframes.

5 Transmission Modes
The LTE Rel-11 supports multiple transmission modes that rely on different reference signals to perform demodulation and measurements of CSI information. Therefore, it is important to discuss which transmission modes are to be supported in DL flexible subframes. Multiple factors should be taken into consideration to decide on supported transmission modes. The dynamic UL-DL reconfiguration is feasible and to be applied only at the low power nodes (small cells), that typically have two TX antennas as baseline. At backward compatible carriers, the limited number of transmit antennas at low power nodes is beneficial for the CRS based transmission modes. The DMRS based transmission modes introduce additional reference signal overhead (require transmission of DMRS signals on top of CRS for demodulation and some of the TMs (e.g. TM9, TM10) also require CSI-RS). In addition, the CRS based transmission modes will be anyway used for legacy UEs to be served on regular subframes by cells with eIMTA capabilities. It can be argued that CRS based transmission modes may not coexist well with some of the DL-UL interference mitigation schemes (e.g. DL power control), however there are no issues in case of cell-clustering approaches or if CRS based transmissions are configured in isolated cells. The usage of DMRS transmission modes only, may be highly restrictive from the system perspective, especially if only TM10 is supposed to be used. Also, it may be possible to make the transmission of CRS signals at flexible subframes to be configurable by eNodeB. In this case CRSs are transmitted on regular subframes by default and may or may not be transmitted at the flexible subframe depending on the configuration settings and used transmission modes.

Proposal 4:

· Support both CRS and DMRS based transmission modes in LTE-TDD systems with dynamic UL-DL reconfiguration.

· The transmission of CRS signals at the DL flexible subframes can be configured by eNodeB (on/off). 
6 Conclusions
In this contribution, we discussed the need for additional measurements and reporting on flexible subframes used for DL transmissions. Our system level analysis has shown only marginal performance improvement when two sets of subframes are used for interference measurements and CSI reporting [5]. The additional enhancement can be considered as optimization however may be useful in practical systems to detect UE-UE interference or significant difference in CQI values between static and flexible subframes. In order to support such enhancements we have following proposals:
Proposal 1:
· Mechanism of semi-static signaling of subframe measurement sets is reused.
Proposal 2:
· To enhance interference measurements for CSI in eIMTA scenarios consider extensions to CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2.
Proposal 3:
· Use combinations of bits {1,1} in bitmap patterns of subframe measurement sets to indicate SIB-1 DL static subframes, used to trigger aperiodic CSI reports for flexible subframes.
Proposal 4:

· Support both CRS and DMRS based transmission modes in LTE-TDD systems with dynamic UL-DL reconfiguration.

· The transmission of CRS signals at the DL flexible subframes can be configured by eNodeB (on/off).
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