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1. Introduction
The following working assumption was made in RAN1#72bis for an ICIC method in dynamic TDD UL-DL reconfigurations [1]:
· At least for UL, the following scheme is supported for dynamic TDD UL-DL reconfigurations:

· Depending on the type of a subframe and/or type of interference seen by a subframe, the power control parameters and/or mechansim could be different between a flexible subframe and a fixed subframe

· Details of subframe-type dependent power control is FFS 

· Companies are encouraged to bring detailed proposals and performance evaluations in the next meeting. 

· Email discussion on evaluation assumptions by April 26  (Eric Eriksson, Ericsson)

This contribution discusses the necessary air interface support for the ICIC schemes that can be built upon the above working assumptions. The backhaul signaling issues are discussed in the companion paper in [2].
2. Air interface change in DL-related operations
Enhancements to CSI measurement and report seem the most necessary DL-related air interface change for ICIC in dynamic TDD UL-DL reconfigurations. This is because the source of interference to PDSCH is changed across subframes depending on the duplex direction of neighboring cells, so separated CSI needs to be measured and reported as proposed in [3]. In addition, the neighboring eNBs can adjust their DL transmit power in the flexible subframes as an effort to mitigate the eNB-eNB interference as discussed in [4]. 
The current specification already provides such multiple CSI measurement and report as the results of eICIC and CoMP WIs. The principle of subframe-restricted CSI measurement, introduced for the eICIC operation, can be reused since there is the commonality that the interference level changes across subframes, e.g., different interference observations in static DL subframes and flexible subframes. It needs to be noted that the current specification does not allow configuring the subframe-restricted CSI measurement in an SCell, so some specification work is necessary even if exactly the same operation as eICIC is reused for PCell.
Assuming that such subframe-restricted CSI measurement is adopted, it needs to be decided how each UE is provided with the CSI measurement subframe pattern. Two subframe sets were given to the UE via high-layer signaling in the eICIC operation, and it is possible to reuse this signaling in dynamic UL-DL reconfigurations. One example would be configuring one CSI measurement subframe set for the static DL subframes and the other subframe set for the flexible subframes. If the CSI measurement subframe pattern needs to be updated dynamically according to the UL-DL configuration changes among cells, some physical layer signaling could be used for this subframe pattern indication. For example, several subframe pattern candidates can be provided first by high layer signaling, and the physical layer signaling can indicate those in the actual use for certain time duration. If such physical layer signaling is used for the indication of the CSI subframe pattern, the error handling should be considered together in order to provide robust UE operations when the UE misses or falsely detects the indication signal. If an explicit physical layer signaling is adopted for dynamic UL-DL reconfiguration signaling, it is also possible for the UE to derive the CSI measurement subframe pattern implicitly from the momentary UL-DL configurations. For example, if the UL-DL reconfiguration signal contains the information of multiple TPs as discussed in [5], the UE is aware of the set of subframes subject to the same interference condition. In Figure 1, it is assumed that there are two effective interfering cells for the concerned UE, and by providing the neighboring cells’ momentary UL-DL configurations, the UE can figure out which subframes correspond to the one of four interference conditions depicted in Figure 1. We note that some high layer signaling can assist the related UE operation, e.g., by indicating the set of interference conditions that have similar interference level and can be treated together in a single CSI measurement subframe set. In addition, there can be too many different interference conditions depending on the number of effective interfering TPs, so it seems beneficial in limiting the number of measured/reported CSI to introduce a new long-term measurement reflecting the interference conditions of the flexible subframes as discussed in [6]. Also, we note that the final selection of this subframe pattern indication needs to take into consideration the backhaul link quality, the detailed UL-DL reconfiguration signaling method, the required signaling overhead, the difference of static DL subframes from the flexible subframes, and the UE complexity potentially added by the dynamic subframe pattern change.
Proposal 1: Subframe-restricted CSI measurement and report is supported for ICIC in dynamic TDD UL-DL reconfigurations. Further study is needed on how to indicate the subframe pattern, e.g., whether the indication is explicit or implicit, whether it is given by high-layer signaling or physical layer signaling.
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Figure 1. An illustration of multiple interference conditions in the flexible subframes whose duplex direction can be dynamically changed.
On top of the above-mentioned subframe restricted measurement, further restriction may be needed for the CSI measurement in the flexible subframes. As shown in Figure 2, an example case is to exclude a subframe in averaging the interference measurement for a CSI process if the TP which the CSI process is targeting operates UL in that subframe; the interference from PUSCH towards that TP will be included in the CSI measurement otherwise. One way of handling this case would be to prohibit the subframe-domain interference averaging for the CSI in flexible subframes; any CSI measurement in flexible subframes is based on per-subframe interference measurement. With this additional restriction, no problem is expected at least for the aperiodic CSI report because the eNB already knows which subframe is configured as UL and which CSI report is using the CSI measurement corrupted by PUSCH transmissions. For periodic CSI report, measurements for some important feedback such as RI may be corrupted by PUSCH transmissions but this problematic situation can be avoided by eNB implementations. If the interference averaging should be supported in the flexible subframes for the accuracy of CSI, some explicit signaling should be adopted for the indication of UL-DL configurations of the concerned TPs so that the UE is aware of the location of invalid interference measurement subframes. We note that, in this case, a UE behavior on the CSI measurement needs to be clearly defined when the UE misses the indication of UL-DL configurations.
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Figure 2. An example of excluding UL subframes in the CSI measurement.
In case of supporting the interference averaging in the flexible subframes, some additional restriction may be needed. For example, if the neighboring cells update UL-DL configurations in a synchronized manner, the background interference (not counting those from the effective interferers) can change across the time instance of UL-DL reconfigurations. Thus, for better capturing the interference situation of the flexible subframes, it is required to limit the averaging window to the subframes in between the two UL-DL reconfiguration time instances as shown in Figure 3. Here, it was assumed that UL-DL configurations are updated in every two radio frames, so the interference averaging is limited to radio frames #2n and #2n+1.
Proposal 2: Further study is needed on the additional restriction on the CSI measurement, especially on which subframes should be excluded in averaging the interference measured in the flexible subframes.
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Figure 3. An example where interference averaging is not allowed across the UL-DL configuration update instance.
The above discussions revealed that the interference characteristic is subframe-dependent, and the backhaul signaling for the inter-cell interference can be also subframe-specific as discussed in [2]. Then, such subframe-dependency can apply to some other operations in order to fully exploit this feature. One example is the EPDCCH configuration. There can be difference in the overall interference strength as well as the PRBs experiencing high interference across subframe types, so the optimal configuration of EPDCCH can be different in different subframe types. Another example is the PDSCH RE mapping indicated by PQI, and some parameter such as the PDSCH starting symbol can be dependent of the interference conditions and differently set according to the subframe type. Besides such interference condition difference, if the UL-DL configuration of each TP is explicitly signaled to the UE, the momentary UL-DL configuration can affect EPDCCH monitoring and the PQI interpretation. For example, if a UE knows that a certain TP is operating UL in a subframe, there is no need to monitor EPDCCH or receive PDSCH which is quasi-co-located with that TP. The above-mentioned subframe-dependent EPDCCH/PDSCH operation can be also useful in handling this issue.
Proposal 3: EPDCCH configuration and PQI interpretation need to be subframe-dependent. 
3. Air interface change in UL-related operations
The working assumption in Section 1 suggests subframe-dependent UL power control. The current PUSCH power control is given as follows:
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One simple way of implementing the subframe-dependent UL power control is to use different open loop power control parameters such as 
[image: image5.wmf])

(

c

O_PUSCH,

j

P

 and 
[image: image6.wmf])

(

j

c

a

 in different subframes, e.g., static UL subframes and flexible subframes. We note that the evaluation in [4] assumed such subframe-dependent open loop power control parameters.

Similarly to the CSI measurement subframe pattern indication, such subframe-dependent power control parameters can be indicated either by higher layer or physical layer signalling, in an explicit or implicit manner. One different point is that, however, the dynamic control of UL transmit power is already possible by means of TPC command, so the benefit of having any additional dynamics for the open loop parameter configuration is not clear at this moment. Based on this discussion along with the evaluation result in [4], it seems reasonable to adopt subframe-dependent open loop power control parameters that are configured by high layer signalling.
Proposal 4: Open loop power control parameters are subframe-specific and configured by high layer signalling for each subframe set.

Regarding the closed loop power control, it is natural to have the subframe-dependent property as well because different subframes are subject to different interference conditions. Especially for the accumulated TPC command, the commands should be accumulated only within the same set of subframes in order to fully track the transmit power control which is specifically set to a certain subframe set. Noting that the main purpose of the closed loop power control is to correct the residual mismatch between the intended and actual power levels not covered by the open loop power control, the separation of the accumulation of TPC command is necessary unless it is guaranteed that this residual mismatch is the same in different subframe types. 

Proposal 5: The accumulation of TPC command should be separated according to the subframe set configuration.
4. Conclusion
This contribution discussed the air interface support for the ICIC operations under dynamic TDD UL-DL reconfigurations. The discussion was first focused on the DL-related operations such as CSI measurements and EPDCCH/PDSCH mapping, and the following proposals were drawn:
Proposal 1: Subframe-restricted CSI measurement and report is supported for ICIC in dynamic TDD UL-DL reconfigurations. Further study is needed on how to indicate the subframe pattern, e.g., whether the indication is explicit or implicit, whether it is given by high-layer signaling or physical layer signaling.
Proposal 2: Further study is needed on the additional restriction on the CSI measurement, especially on which subframes should be excluded in averaging the interference measured in the flexible subframes.
Proposal 3: EPDCCH configuration and PQI interpretation need to be subframe-dependent.
This contribution also discussed the UL-related operations mainly for the UL transmit power control, and the following proposals were made:

Proposal 4: Open loop power control parameters are subframe-specific and configured by high layer signalling for each subframe set.
Proposal 5: The accumulation of TPC command should be separated according to the subframe set configuration.
______________________________________________________________________
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