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1 Introduction

In RAN1#74, CSI feedback enhancements were discussed to facilitate DL-UL interference mitigation techniques in LTE-TDD systems with dynamic UL-DL reconfiguration and the following agreement was made [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 RAN1#74bis and in subsequent email reflector discussions, three “Way Forward” contributions were discussed without a conclusion. This contribution considers aspects for the CSI-IM configuration and the aperiodic CSI triggering. 

2 CSI feedback for eIMTA
2.1 CSI-IM configuration
2.1.1 CSI-IM subframe configuration 
Up to 2 subframe sets can be defined for CSI measurements. If the downlink transmit power is the same between the two subframe sets, the channel part can be measured based on one common NZP CSI-RS resource. If the downlink transmission power is different between the two subframe sets, due to different downlink transmit power control, this can be captured by a subframe set dependent parameter Pc. For the interference part, a CSI-IM resource can be configured for each subframe set so that an interference level can be measured separately. 
Either an approach based on the restricted CSI measurement sets in eICIC or an approach based on multiple CSI processes as defined in CoMP (for UEs that can support TM10) can be considered as candidates to provide CSI reports. 
Single CSI process with restricted subframe sets 
In Rel-11 CoMP, a CSI process is defined by one NZP CSI-RS and one CSI-IM resource. NZP CSI-RS can be always configured in a fixed DL subframe, hence we focus on the allocation of CSI-IM resource. It is specified 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”. Since the period of CSI-IM resource and ZP CS-RS are both multiple of 5ms, it is impossible to have one CSI-IM resource which coexists with both subframe sets for CSI measurements, when considering the restriction on UL/DL subframe pattern in a TDD frame structure. 

One approach is to introduce 1ms periodicity for both CSI-IM resource and ZP CSI-RS. However, this can result into more REs being reserved for interference measurement than necessary and hence it reduces DL resource efficiency. 
Second approach is to introduce 2 CSI-IM resources with 5ms periodicity but with different offsets. As a result, one CSI-IM resource can be allocated in fixed DL subframes 0/1/5/6 and a second CSI-IM resource can be allocated in flexible DL subframes 3/4/7/8/9. The number of subframe carrying CSI-IM resources is limited to 4 at most and this improves the DL resource efficiency compared the solution using 1ms period. 
Third approach is to explicitly indicate the flexible DL subframe for the second IMR. This results to the best DL resource efficiency and removes any ambiguity at the UE for the flexible DL subframe where measurement needs to be performed (also enables the UE to turn off its power if it is not scheduled in a flexible DL subframe and does not need to perform any measurement).
One CSI process in a fixed subframe and one CSI process in a flexible subframe
The restriction “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” also restricts the usage of two CSI processes to support CSI measurements for the two subframe sets. If this restriction is removed and a UE can support more than one CSI process, CSI measurements for the 2 subframe sets can be by means of two respective CSI processes. This maintains the Rel-11 functionality that a CSI process has only one configured CSI-IM resource. However, it is currently only a UE capability to support more than one CSI process and UE complexity increases for UEs that do not support TM10.
Proposal 1: 
Configuration of separate CSI-IM resources for two subframe sets is supported for a CSI process.  
2.1.2 CSI-IM subframe configuration for flexible subframe set

Since the TDD UL-DL configuration can dynamically change, a periodic CSI-IM resource configuration on flexible subframes becomes invalid when the flexible subframes are used as uplink subframes. Several alternatives exist to address this issue, including:
Alternative 1: L1- indication based CSI-IM resource allocation
An indication of the subframe configured for the second CSI-IM resource (second IMR) can be provided by an explicit or implicit indicator for the existence of the second IMR resource in DL DCI formats. 
Alternative 2: RRC based CSI-IM resource allocation
The eNB can configure a period and an offset for a CSI-IM resource in flexible subframes. When the TDD UL/DL reconfiguration is received by a UE, the subframe containing the second IMR can be determined based on the CSI-IM subframe configuration and L1 reconfiguration signaling. Two approach can be considered to derive the exact position of CSI-IM resource. 

A first method is to link the presence of CSI-IM resource to the actual transmission direction of a flexible subframe. In detail, if it is currently used as DL, CSI-IM resource is present and a valid CSI for the flexible subframe set can be reported; otherwise, there is currently no CSI-IM resource for the flexible subframe set. In this method, if only the subframe configured with a CSI-IM resource is used as UL, there is no valid resource for CSI measurement, even in the case there are some other actual DL subframe for the flexible subframe set. 
To solve the problem of the first method, a second solution can be further considered. In the duration equals to the configured period for CSI-IM resource for the flexible subframe set, the first actual DL subframe in the flexible subframe set is allocated the CSI-IM resource. Still in worst case, if there is no actual DL subframes in the flexible subframe set, no valid CSI-IM resource for CSI report. 

As shown in figure 1, subframe#3, #4, #8 and #9 compose a subframe set and the eNB configures the periodicity of 5ms and offset of 3 subframes. Then, subframe#3 is the subframe for CSI-IM in the first half-frame, and subframe#8 is the subframe for CSI-IM in the second half-frame based on CSI-IM configuration. Since the actual TDD UL/DL configuration is 1, the first actual DL subframe in the first half-frame is subframe #4, the first actual DL subframe in the second half-frame is subframe #9, and therefore subframe #4 and subframe #9 are subframes for CSI-IM in flexible subframe set. If the eNB configures a period of 10ms and an offset of 8, then subframe#8 is the subframe for CSI-IM resource in the frame. Since the actual TDD UL/DL configuration is 1, the first actual DL subframe in the frame is subframe #4 and therefore, the CSI-IM resource is contained in subframe #4. The advantage of this alternative is that it does not require any additional signaling. 
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Figure 1
Alternative 3: Allocation of CSI-IM resource in all subframes in the flexible CSI subframe set
Another method is allocating CSI-IM resource in all subframes in the flexible subframe set. Therefore, it’s possible for UE to measure exact interference level for each individual flexible subframe, so as to report more CSI information to eNB. However, based on the procedure for P-CSI/A-CSI, the usability of such CSI-IM resource allocation is also dependent on the timing for CSI reference resource and whether interference averaging is implemented for TM10. 
Proposal 2: 
· The eNB can configure a period and an offset for a CSI-IM resource for the flexible CSI subframe set.
2.2 CSI Triggering and Reporting 
Periodic CSI/IMR (P-CSI) reporting for flexible DL subframes can be advantageous as it allows an eNB to obtain this information in a timely manner and without having to previously schedule a PUSCH transmission to a UE (regardless of the UE’s buffer status) and trigger an aperiodic CSI/IMR report. Therefore, P-CSI reporting should be supported for both subframe sets.
For DL aperiodic CSI reporting, following possible alternatives is concluded in the email discussion summary [8]:  
· 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 1-1 keeps the principle of aperiodic CSI report with two subframe sets (i.e., the location of CSI request indicates which subframe set to be reported), i.e. the CSI subframe set of A-CSI is implicitly determined by the DL subframe carrying UL grant. As a consequence, all existing specification for CSI triggering in CoMP and CA can be reused. This alternative can be implemented by giving an additional “aperiodic CSI (A-CSI) indication subframe set” configuration in addition to the existing CSI subframe set which can be regarded as “CSI measurement subframe set” in differentiation from the new subframe set configuration. CSI subframe set #0 (or #1) is reported if the CSI request is transmitted in A-CSI indication subframe set #0 (or #1). Alt 1-1 has its drawback in that CSI for two subframe sets cannot be included in one CSI reporting instance, which means that two UL grants/PUSCH shall be used if both CSI reports are desired.
With Alt 2, CSI request field in UL grant determines the CSI measurement subframe set to be reported. With this alternative, CSI for two subframe sets can be reported in one CSI reporting instance, but an additional bit needs to be introduced in the UL DCI formats, at least for the case only one CSI request bit defined in a DCI format. Moreover, as eIMTA operation is likely in conjunction with DL CA and CoMP, extensions of A-CSI triggering for DL CA and CoMP with eIMTA should also be defined, that is the association between each value of the CSI request field and CSI reporting for the configured subframe set(s), and/or for configured CSI process(s), and/or for configured serving cell(s) should be redefined. Alt 3 is a special case for Alt 2. 
Further discussion is required in order to determine whether scheduling restrictions (A-CSI associated with subframe set), or an additional bit in the DCI format is the more acceptable shortcoming in supporting A-CSI for two subframe sets. 
Proposal 3: 
· Alt 1-1 is slightly preferred due to lower specification efforts expected, but Alt-2 and Alt-3 can also be considered.
3 Conclusions
This contribution considered measurements and CSI/IMR reporting for the two DL subframe sets in eIMTA. In particular, the following are proposed 
Proposal 1: 
· Configuration of separate CSI-IM resources for two subframe sets is supported for a CSI process.
Proposal 2: 
· The eNB can configure a period and an offset for a CSI-IM resource for the flexible CSI subframe set.
Proposal 3: 
The eNB can configure a period and an offset for a CSI-IM resource for the flexible CSI subframe set. Proposal 3: 
· Alt 1-1 is slightly preferred due to lower specification efforts expected, but Alt-2 and Alt-3 can also be considered.
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