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1 Introduction

To obtain the throughput gains afforded by eIMTA, DL/UL interference mitigation in flexible subframes is essential. This was extensively discussed during previous RAN1 meetings and the following was agreed during RAN1#73:

· In UL, at least two subframe sets can be configured, and for each subframe set,

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels e.g, PUSCH, SRS, PUCCH

· FFS  separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this proposal

· FFS if additional (more than two) subframe sets are needed

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

· FFS further details of the required specification support

This contribution considers aspects related to supporting two separate UL power control (PC) processes. A companion contribution [1] considers the support of separate CSI measurements and reporting.
2 Power Control in Flexible Subframes
The main operational advantage of eIMTA, namely the ability to adapt to the offered traffic and thus maximize throughput (expected to be critical in small cell deployments), is also the primary reason for making eIMTA very challenging to deploy. This is because, in order to obtain the potential throughput gains, it is essential to provide a network the capability to mitigate inter-cell interference, due to the use of different TDD UL/DL configurations in neighboring cells, and to obtain accurate CSI for DL/UL flexible subframes. 
Due to large differences in DL/UL transmission powers, cell clustering can be beneficial for interference mitigation but it also unavoidably results to a traffic adaptation that is an average over all cells in a cluster, thereby diminishing the effectiveness of eIMTA (at the limit, when all interfering cells form a single cluster, there is no eIMTA). Moreover, assuming that cell clustering is applied up to a reasonable coupling loss, in order to not significantly limit the gains from eIMTA, it cannot sufficiently avoid DL-UL or UL-DL interference. For these reasons, at least two separate UL PC processes have been agreed to be used for eIMTA (at least with respect to having separate open-loop PC parameters 
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Setting aside the issue of whether a separate closed-loop process is also needed (i.e. separate TPC commands for each UL PC process), the focus in the remaining of this contribution in on the FFS aspects of:
a) Applicability of different UL PC processes to different channels/signals

b) Whether the number of UL PC processes needs to be more than two

c) How to support different UL PC processes

Regarding the applicability of different UL PC processes to different channels/signals, this is needed for UL channels/signals that can experience DL interference or, in general, materially different interference than in fixed UL subframes. As dynamic HARQ-ACK signaling can be in fixed UL subframes and the same can apply for all periodic UCI transmissions in respective PUCCHs, a respective Rel-11 UL PC process can be used for the transmission of a UCI type in a PUCCH and no additional UL PC process is required. The same can apply for the PRACH (either an eNodeB can trigger a PRACH in a fixed UL subframe or, for UE-initiated PRACH, the prach-ConfigurationIndex parameter in SIB2 can restrict PRACH transmission in fixed UL subframes). The motivation for keeping PUCCH and PRACH transmissions in a fixed UL subframe is to avoid having the detection reliability of respective signaling susceptible to DL interference as the reliability requirements are high and there are no HARQ retransmissions. SPS PUSCH transmissions should also occur in fixed UL subframes, both to ensure their reliability (as due to the non-dynamic nature, transmission parameters cannot be adapted) and to avoid complicating SPS operation as transmission subframes cannot be adapted according to the adaptation in the TDD UL/DL configuration.
Proposal 1: Each UCI transmission in a respective PUCCH, PRACH transmission, and SPS PUSCH transmission occur in fixed UL subframes and use the respective Rel-11 UL power control processes. 

PUSCH should clearly use all of the at least two UL PC processes as its transmission can experience either UL-dominant interference or DL-dominant interference and, respectively, can create interference either to UL transmissions or to DL transmissions in neighboring cell (clusters). This also applies to any type of signal multiplexed in a PUSCH. For example, an eNodeB can request A-CSI to be reported in a flexible UL subframe where the UL PC process is different than the one used in a fixed UL subframe. However, unlike A-CSI reporting that is under the eNodeB’s control to trigger, HARQ-ACK multiplexing should not be allowed in flexible UL subframes (even if a separate field was introduced in an UL DCI format to indicate whether a UE can multiplex HARQ-ACK in a PUSCH, and thus allow the eNodeB to control such multiplexing, this would not solve the case of non-adaptive PUSCH retransmissions). 
SRS transmissions in flexible UL subframes do not pose additional complexity as they follow the same UL PC process used for the PUSCH. It is noted that SRS transmissions are needed in flexible UL subframes. Although an interference estimate can be obtained from the DMRS over the PUSCH transmission bandwidth, this interference estimate is only available after scheduling the PUSCH transmission (“chicken-and-egg problem”). Moreover, a DMRS-based interference estimate can be obtained only over the PUSCH transmission bandwidth and may not reflect interference in other parts of the BW (e.g. if a likely use of FDM-ICIC is applied in the DL for small cells for PDSCH/EPDCCH) thereby restricting PUSCH scheduling for a UE only in an already scheduled part of the bandwidth. Similar to A-CSI transmission in a flexible UL subframe, A-SRS transmission is controlled by the eNodeB. However, similar to a P-CSI that can provide IMR for flexible DL subframes prior to respective PDSCH scheduling, a P-SRS transmission can provide a similar IMR for flexible UL subframes and a UE can be configured for both P-CSI and P-SRS corresponding to a flexible DL subframe and a flexible UL subframe, respectively.
Observation 1: At least two UL PC processes are used for data or A-CSI transmitted in a PUSCH and, based on the same link to the data UL PC process as in Rel-11, for SRS transmissions. HARQ-ACK signaling should be precluded in flexible UL subframes. 

Regarding the number of UL PC processes, it can theoretically be more than two as the interference a signal transmission from a UE experiences in a flexible UL subframe can depend on the particular flexible UL subframe (in addition to being UE-dependent). This aspect is illustrated in Figure 1 which shows an example of neighboring cells using different TDD UL-DL configurations. For a UE attached to a cell (or cluster of cells) using configuration 1, interference in flexible UL subframe SF#3 can be different than interference in flexible UL subframe SF#7 and both can be different than interference in flexible UL subframe SF#8. Theoretically, this implies a different UL PC process for each flexible UL subframe. In practice, however, a UE experiences dominant interference from a single cell (e.g. [2]). In other words, the probability that a UE is located at a cell edge and is also near the intersection of two other cells can be neglected at the expense of some performance degradation for very few UEs in very few subframes (e.g. more conservative scheduling or more HARQ retransmissions can be used) but at the benefit of simplified specification, testing, and UE implementation.
Observation 2: Two UL PC processes suffice for flexible UL subframes.


[image: image3]
Figure1: Example of TDD UL-DL configurations in different cells.
Observation 1 and observation 2 lead to the following.

Proposal 2: Two UL PC processes are used for data or A-CSI transmitted in a PUSCH and, based on the same link to the data UL PC process as in Rel-11, for SRS transmissions. HARQ-ACK signaling is precluded in flexible UL subframes. 
An additional observation from Figure 1 is that the interference in a flexible UL subframe is UE-specific (or group-UE-specific). For example, an UL signal transmission from UE1 located near Cell#2 will experience DL interference in SF#3 but UL interference in SF#7 while an UL signal transmission from UE2 located near Cell#3 will experience UL interference in SF#3 but DL interference in SF#7. Therefore, even though SF#7 is flexible, it is preferable for UE1 to use the same UL PC as in fixed subframe SF#2 but use a different UL PC in subframe SF#3. Conversely, even though SF#3 is flexible, it is preferable for UE2 to use the same UL PC as in fixed subframe SF#2 but use a different UL PC in subframe SF#7. 
Proposal 3: The use of the second UL power control process is UE-specific and UL flexible subframe specific.

Regarding the support of the two UL PC processes, signaling should be provided to enable a UE to identify whether to use the first UL PC process or the second UL PC process in a flexible UL subframe for a PUSCH or SRS transmission. Considering only the OLPC parameters for PUSCH (ones for SRS can be derived as in Rel-11), the cell-specific component of 
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, does not need to be modified but, as in Rel-8 in order to address UE-specific location and interference, the UE-specific component of 
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 should be different for each UL PC process. Additionally, the path-loss compensation coefficient 
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 should be different for each UL PC process as an eNodeB scheduler may target different compensation when a UE experiences DL interference than when it experiences UL interference (e.g. more aggressive compensation for path-loss by using a larger value of 
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) or when it creates interference to DL transmissions than in UL transmissions (e.g. different target IoT). Assuming that PRACH and SPS PUSCH transmissions are always in fixed UL subframes, 
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Two alternatives are considered to inform a UE which of the two UL PC processes it should use for a PUSCH (or SRS) transmission in a flexible UL subframe. The first alternative is to indicate the flexible UL subframes using the first UL PC process and the flexible subframes using the second UL PC process through a bit-map in the DCI format conveyed by the PDCCH performing the adaptation of the TDD UL/DL configuration. Assuming that subframes 3, 4, 7, 8, and 9 are flexible subframes, a bit-map of 5 bits can indicate whether the first UL PC process (e.g. a bit value of ‘0’) or the second UL PC process (e.g. a bit value of ‘1’) should be used for a PUSCH (or SRS) transmission (assuming that in the adapted TDD UL/DL configuration, the respective subframe is an UL one). If in the adapted TDD UL/DL configuration the respective subframe is a DL one, the interpretation of the bit-map value can be for the CSI measurement/report type.  
The second alternative is to indicate to a UE to use the first UL PC process or the second UL PC process for a PUSCH (or A-SRS) transmission through the DCI format scheduling the PUSCH (if there is P-SRS transmission configured in a flexible UL subframe, for example in order to allow an eNodeB to obtain an estimate of UL interference conditions before any actual scheduling, it may use the second UL PC process). This can be done either by a new field introduced in UL DCI formats or, to avoid modification of existing UL DCI formats, by re-using an existing field such as the CS_OCC indicator field. The latter is preferable as UL DCI formats are not modified and there is no impact for scheduling in fixed UL subframes. As eIMTA is targeted to operation with a small/moderate number of scheduled UEs (e.g. in small cells), there should be no scheduling impact from using 1 bit from the OCC_CS field to indicate the UL PC process for UEs configured for eIMTA operation. For a PUSCH retransmission in an UL subframe triggered by PHICH, if the UE was previously scheduled in that subframe it can know which UL PC process to use; otherwise, a default or implicit rule can apply.
The parameters for the second UL PC process (
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) can also be indicated in the UE-group common DCI format indicating the adapted TDD UL/DL configuration (
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 are same for all UEs in the group that can be determined based on a similar interference/location for the UEs in the group). For example, 4 values for pairs of 
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 can be configured to a UE and 2 bits in the DCI format indicating the adapted TDD UL/DL configuration can indicate the pair of values used for the second UL PC process.
Proposal 4: Use of the first or the second UL PC process in a flexible UL subframe is indicated either by the DCI format for TDD UL/DL reconfiguration or by the DCI format for PUSCH scheduling. The parameters for the second UL PC process are indicated by the DCI format for TDD UL/DL reconfiguration.

3 Conclusions

This contribution considered UL PC in flexible UL subframes. In particular, the following are proposed:

Proposal 1: Each UCI transmission in a respective PUCCH, PRACH transmission, and SPS PUSCH transmission occur in fixed UL subframes and use the respective Rel-11 UL power control processes. 

Proposal 2: Two UL PC processes are used for data or A-CSI transmitted in a PUSCH and, based on the same link to the data UL PC process as in Rel-11, for SRS transmissions. HARQ-ACK signaling is precluded in flexible UL subframes. 
Proposal 3: The use of the second UL power control process is UE-specific and UL flexible subframe specific.

Proposal 4: Use of the first or the second UL PC process in a flexible UL subframe is indicated either by the DCI format for TDD UL/DL reconfiguration or by the DCI format for PUSCH scheduling. The parameters for the second UL PC process are indicated by the DCI format for TDD UL/DL reconfiguration.
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