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1 Introduction

In RAN1#74, the following agreements were made regarding UL power control for eIMTA 
· Up to two sets of subframes  will be UE-specifically signaled per serving cell
· A potential UL subframe  will belong to one of the above mentioned sets

· Up to two sets of open-loop power control parameters (Po and alpha) are defined

· These parameters are applicable to PUSCH and SRS channels

· TPC commands are accumulated separately for each subframe set
· FFS on
· whether the subframe set is signaled in semi-static or dynamic manner
· details of how to determine the parameters of each PUSCH and SRS transmission 
· whether to enlarge TPC steps assuming the same number of TPC bits as in current specification
· PHR operation
It was also suggested to consider making configurable the separate accumulation of TPC commands. 

This contribution is a resubmission of R1-134152 and considers the above FFS aspects and whether configuration should be enabled for separately accumulating the TPC commands for the second subframe set and for the first subframe set. 

2 Power Control in Flexible Subframes
The last aspect regarding the configuration for separately or not accumulating the TPC commands for the second subframe set and for the first subframe set is first considered. 

Fundamentally, TPC commands track channel variations that are same for both the first subframe set and the second subframe set. The only identified reason for introducing the second subframe set for UL PC (i.e. for introducing the second UL PC process) is to address the fact that interference can be different between a subframe in the first set of subframes and a subframe in the second set of subframes. However, that interference difference is typically semi-static as it corresponds to the difference between UL interference and DL interference from a dominant interfering cell for a given UE. Therefore, a fundamental reason for introducing separate accumulation of TPC commands may not exist and it is then preferable for the UL throughput performance to have a single accumulation. However, as eIMTA UEs are typically expected to be low speed ones (e.g. when eIMTA is used in small cells), no significant performance difference should exist between having a single closed-loop UL PC process and two separate closed-loop UL PC processes.
Proposal 1: Configuration of whether or not the TPC commands are separately accumulated for the UL PC process for the first subframe set and for the UL PC process for the second subframe set shall be enabled. 

Given that the interference difference between a subframe in the first set of subframes and a subframe in the second set of subframes is semi-static as a UE typically experiences one dominant interfering cell, as also indicated from the agreement that there are two (and not more than two) UL PC processes and two CSI measurements, this interference difference can be captured by the setting of the parameters in the respective two open-loop UL PC processes. Therefore, when the TPC commands are separately accumulated for the first subframe set and for the second subframe set, there is no reason for having different TPC steps for the first closed-loop UL PC process and for the second closed-loop UL PC process. Moreover, there is no reason for having a different number of TPC bits between the first closed-loop UL PC process and the second closed-loop UL PC process.
Proposal 2: A TPC command for the first subframe set and a TPC command for the second subframe set include the same number of bits that are mapped to the same values of transmission power adjustments. 

The introduction of the second UL PC process is to address variations in interference from cells that do not belong in a same cluster (cells in a same cluster are assumed to use a same TDD UL-DL configuration). Clearly, the second UL PC process is not applicable in fixed UL subframes as otherwise, PUSCH/SRS transmissions from UEs operating without an adapted TDD UL-DL configuration cannot be reliably supported. Moreover, interference in a flexible UL subframe is UE specific (or group-UE-specific) and specific to the UL flexible subframe as, for a same UE, interference is some flexible UL subframes can be DL-dominant while in the remaining flexible UL subframes can be UL-dominant [1]. An example is given in Figure 1. For a UE attached to a cell 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. This implies that, for a given UE, the first subframe set for the first UL PC process includes the fixed UL subframes and some flexible UL subframes and the second subframe set for the second UL PC process includes the remaining flexible UL subframes and that the subframe set is effectively signaled in a dynamic manner.


[image: image1]
Figure1: Example of subframe-dependent interference due to different UL-DL configurations in different cells.
Two alternatives are considered to inform a UE which of the two UL PC processes to use for a PUSCH/SRS transmission in a flexible UL subframe. The first alternative is to use a bit-map in the DCI format conveyed by the PDCCH adapting the TDD UL/DL configuration [2]. 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. As the indication of the two subframe sets where the respective two UL PC processes are used is UE-group-specific, a UE-group-common DCI format is more appropriate than a UE-specific DCI format. The second alternative is to use the UE-specific DCI format scheduling the PUSCH. 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.

Proposal 3: The second UL power control process is UE-specific and UL flexible subframe specific and is dynamically signaled.

The determination of parameters for the second UL PC process applicable to the second subframe set can be same as the determination of parameters for the first UL PC process applicable to the first subframe set. For the open-loop parameters of the second UL PC process, 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 separately configured than form the first 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). Therefore, for serving cell 
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 in [3] are separately configured by higher layers for the first UL PC process and for the second UL PC process. 

The TPC command is accumulated for the first closed-loop UL PC process or for the second closed-loop UL PC process (or as usual if a single closed-loop UL PC process is configured) depending in whether the UL subframe for the PUSCH/SRS transmission is indicated as belonging in the first set or in the second set, respectively. 

Proposal 4: For each UL PC process and for serving cell 
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 are configured by higher layers and the UL PC process for the accumulation of a TPC command is determined by the set associated with the respective PUSCH/SRS transmission subframe.

Since a second UL PC process is introduced for the second set of subframes, PHR functionality in the second set of subframes can follow directly from PHR functionality in the first set of subframes. Only the case of no simultaneous PUCCH and PUSCH needs to be supported for the second PHR since there is no PUCCH transmission in any subframe for the second set of subframes. The specifics for reporting the first PHR and the second PHR can be left to RAN2.
Proposal 5: Separate PHR shall be supported for the second subframe set.
3 Conclusions

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

Proposal 1: Configuration of whether or not the TPC commands are separately accumulated for the UL PC process for the first subframe set and for the UL PC process for the second subframe set shall be enabled. 

Proposal 2: A TPC command for the first subframe set and a TPC command for the second subframe set include the same number of bits that are mapped to the same values of transmission power adjustments. 

Proposal 3: The second UL power control process is UE-specific and UL flexible subframe specific and is dynamically signaled.

Proposal 4: For each UL PC process and for serving cell 
[image: image13.wmf]c

, 
[image: image14.wmf])

1

(

c

O_PUSCH,

P

 and 
[image: image15.wmf])

1

(

c

a

 are configured by higher layers and the UL PC process for the accumulation of a TPC command is determined by the set associated with the respective PUSCH/SRS transmission subframe.

Proposal 5: Separate PHR shall be supported for the second subframe set.
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