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1 Introduction

In RAN1#75, the following agreements and working assumptions were made regarding UL power control for eIMTA.

Agreements:
· P0 and alpha configuration for the two subframe sets is via RRC signaling

· For power control command step size, no change relative to Rel-11
· FFS PHR related issues till RAN1#76, especially regarding whether current PHR mechanism can have PHR reports for the two subframe sets

· FFS till RAN1#76, including at least the following issues:

· Application of power control commands

· Alt 1: separate power control commands only

· Alt 2: configurable between separate and joint power control commands

· TPC timing issues, if any, for configuration #0

· SRS power control related issues

Working assumptions:

· The association of (P0, alpha) with a UL subframe is separately configured via RRC

· For PUCCH PC, no enhancements (including both over-the-air and backhaul enhancements) relative to Rel-11
This contribution considers the above two working assumptions and the alternative for TPC command accumulation. A companion contribution [1] considers the remaining FFS aspects and additional aspects for UL power control operation in eIMTA.
2 Power Control in Flexible Subframes
2.1 Association of UL Power Control Process with UL Subframe 
The present working assumption is that the association of (P0, alpha) with an UL subframe is configured to a UE via RRC signaling. Actually, as the agreement is to also associate a TPC command with an UL subframe, the working assumption is to associate by RRC signaling a first UL power control process (e.g. as associated with fixed UL subframe #2) or a second UL power control process with each possible UL flexible subframe.

A semi-static association of a flexible UL subframe in eIMTA with an UL power control process can result to a fundamental functional contradiction as the same (first or second) UL power control process is used in the flexible UL subframe regardless of the dominant interference direction (DL or UL). In case a UE applies the first UL power control process in an UL flexible subframe when the UE experiences DL dominant interference, the benefit from the introduction of the second UL power control process is lost. In case a UE applies the second UL power control process in an UL flexible subframe when the UE experiences UL dominant interference, it generates substantial unnecessary interference to neighboring cells and the UE power consumption increases. Therefore, for semi-static association of an UL flexible subframe with a UL power control process, using an additional UL power control process (second one) is almost equally likely to be detrimental as it is to be beneficial. 

An example is given in Figure 1. For a UE attached to Cell#1, when the interfering cell uses TDD UL-DL configuration 2, interference in UL SF#3 is DL one and interference in UL SF#7 is UL one while when the interfering cell uses TDD UL-DL configuration 3, interference in UL SF#3 is UL one and interference in UL SF#7 is DL one. Clearly, a semi-static association of UL flexible subframes with an UL power control process is inappropriate. 

[image: image1]
Figure1: Example of subframe-dependent interference due to adaptation of TDD UL-DL configurations.
Reasons cited against a dynamic association of an UL power control process with an UL subframe primarily include that NodeBs may not use the TDD UL-DL configurations they indicate to each other over the backhaul and that the backhaul latency limits the applicability of a dynamic association. Both these reasons are incorrect. 
Exchanging TDD UL-DL configurations among NodeBs is primarily intended for interference management and this is also directly related to using a second UL power control process. In a proper network operation, an NodeB will actually use the TDD UL-DL configuration that it indicates; otherwise, there is no point in exchanging this information among NodeBs. In fact, the agreement mentions “intended” configuration instead of “actual” configuration only because in this case the specifications cannot mandate the network implementation. Even if the indicated TDD UL-DL configuration is different than the actual one, a dynamically signaled association between an UL power control process and an UL subframe will perform statistically the same as an RRC signaled one. When the indicated TDD UL-DL configuration is same as the actual one, a dynamically signaled association between an UL power control process and an UL subframe will provide proper operation (unlike an RRC-signaled one). 
The backhaul latency is irrelevant to the applicability of a dynamic association between an UL power control process and an UL subframe. Even with non-zero backhaul latency, the intended TDD UL-DL configurations need to be exchanged for interference management. A network can adapt a TDD UL-DL configuration either in a pipe-line manner every 10 msec after receiving (delayed) intended configurations every 10 msec, regardless of the backhaul latency, or simply adapt a TDD UL-DL configuration with a period determined by the backhaul latency for exchanging among NodeBs the intended TDD UL-DL configurations.   
Observation 1: Dynamic association of an UL power control process with an UL subframe is necessary to provide correct UL power control operation and fully feasible under supported eIMTA functionalities.
Dynamic indication for the association between an UL power control process and an UL subframe can be provided without DCI format modification and without requiring additional payload in the DCI format providing adaptations of TDD UL-DL configurations. For example, using one bit of the CS and OCC index field in an UL DCI format to indicate the previous association will have marginal impact on UL throughput as it is unlikely to perform spatial multiplexing of more than four PUSCH transmissions in a same subframe, particularly considering that eIMTA is primarily applicable to cells with a small/moderate number of UEs. 

Proposal 1: One bit of the CS and OCC index field in a DCI format scheduling a PUSCH transmission indicates whether the UE applies the first UL power control process or the second UL power control process.

One case where association between an UL power control process and an UL subframe based on RRC signaling can provide proper operation is when the direction of dominant interference a UE experiences in flexible subframes is semi-static. For example, this can occur due to adjacent channel interference from a macro-NodeB that does not apply eIMTA. Another case can be for non-adaptive PUSCH retransmissions, at least in case a UE did not have a previous adaptive PUSCH transmission in the same UL subframe during the same TDD UL-DL configuration period (alternatively, the UE can assume the same association for the UL power control process for the non-adaptive retransmission as for the initial transmission). Considering that there are at most 5 flexible subframes in a frame, a bit-map that includes 5 bits can suffice to associate an UL power control process with an UL subframe. 
Proposal 2: Association of an UL power control process with an UL subframe by RRC signaling is by a bit-map that includes 5 bits.

2.2 Configurability of Separate or Joint TPC Commands 
Fundamentally, TPC commands track channel variations that are the same for both the first subframe set and the second subframe set. The only identified reason for introducing the second subframe set for UL power control (i.e. for introducing the second UL power control process) is to address different interference in a subframe of the first set and a subframe of the second set. However, that interference difference is fixed (at least within the same TDD UL-DL configuration period) 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 to have a single accumulation. This will also remove any potential need for having separate PHR for a first set of subframes and for a second set of subframes. 
However, in case the association of an UL power control process with an UL flexible subframe is by RRC signaling, the TPC commands may not only track channel variations but also attempt to correct transmission power errors. For example, in conjunction with channel tracking, when the first UL power control process is used and the interference is DL dominant (UL dominant), a TPC command may indicate an increase (a decrease) in transmission power. The same applies for the second UL power control process. Therefore, TPC commands corresponding to each UL power control process may not be correlated (as they would be if they only tracked channel variations). It should also be noted that in case the interference direction in an UL flexible subframe is semi-static, separate TPC commands may not be required as RRC signaling is sufficient to associate an UL power control process with an UL subframe. 

In general, if a correct use of UL power control is applied (i.e. dynamic/semi-static association of UL power control process with an UL flexible subframe in case of respective adaptive/semi-static interference direction), it is preferable to have joint TPC commands. However, as eIMTA UEs are typically expected to be low speed ones (e.g. eIMTA in small cells), no significant performance difference should exist between having separate TPC commands and having joint TPC commands. Therefore, for simplicity, configurability can be avoided and a final agreement can be based on either approach (separate or joint TPC commands).
Observation 2: Joint accumulation of TPC commands is generally preferable if the first UL power control loop is used for operation with UL dominant interference and the second UL power control loop is used for operation with DL dominant interference. Otherwise, separate accumulation is preferable. Even with a non-preferable choice, the throughput impact is expected to be small considering the availability of DCI format 3/3A and slow channel variations.
2.3 PUCCH Power Control 
PUCCH transmissions can also experience DL interference in case TDD UL-DL configuration 2 or 4 is the DL HARQ reference configuration. This would seem to motivate using a second UL power control process also for PUCCH transmissions in an UL flexible subframe (i.e. in an UL subframe other than subframe #2). However, there are several reasons why supporting a second UL power control process for PUCCH transmissions should be actually avoided.
A first reason is that all other UCI transmissions on respective PUCCHs, with the exception of HARQ-ACK in response to one or more PDCCH detections, are periodic. Therefore, for interference created by adaptations of TDD UL-DL configurations and similar to using an RRC configured association of an UL power control process with an subframe, the assigned UL power control process may not match the interference conditions. For example, using the second UL power control process when the interference is UL-dominant is likely to generate large interference to other cells.  
A second reason is the existence of legacy UEs. Using a second UL power control process, where the transmission power can be much larger than for a first UL power control process used by legacy UEs, will severely degrade UCI reception reliability for legacy UEs. In fact, due to in-band emissions, even using a second UL power control process for PUSCH can create significant degradation to PUCCHs of legacy UEs. In general, either PUCCH should be always placed in subframe#2 or, more likely, the network should always apply the first (legacy) UL power control process in UL subframes of the DL reference configuration (regardless of whether they experience DL or UL interference). 
A third reason relates to the UCI reception reliability. In case of DL dominant interference, UCI reception reliability can be severely degraded regardless of the use of the second UL power control process as the UE may not be able to increase the power sufficiently to compensate for the DL interference (either due to accuracy reasons or due to power limitation reasons). Unlike PUSCH that can rely on HARQ retransmissions, this is not the case with PUCCH.

A fourth reason is that the specification and implementation requirements will be larger than for using a second UL power control for PUSCH transmissions. For example, with separation of TPC commands between the two UL power control processes for PUCCH, a new definition and use of TPC commands for PUCCH resource indexing (as for PUCCH Format 3 in Rel-10) will need to be specified. 

Proposal 3: The Rel-11 UL power control is used for PUCCH transmissions. 

3 Conclusions

This contribution considered the basic operation of UL power control in eIMTA. In particular, the following are proposed:

Proposal 1: One bit of the CS and OCC index field in a DCI format scheduling a PUSCH transmission indicates whether the UE applies the first UL power control process or the second UL power control process.

Proposal 2: Association of an UL power control process with an UL subframe by RRC signaling is by a bit-map that includes 5 bits.

Proposal 3: The Rel-11 UL power control is used for PUCCH transmissions. 

Additionally, the following are observed:

Observation 1: Dynamic association of an UL power control process with an UL subframe is necessary to provide correct UL power control operation and fully feasible under supported eIMTA functionalities.

Observation 2: Joint accumulation of TPC commands is generally preferable if the first UL power control loop is used for operation with UL dominant interference and the second UL power control loop is used for operation with DL dominant interference. Otherwise, separate accumulation is preferable. Even with a non-preferable choice, the throughput impact is expected to be small considering the availability of DCI format 3/3A and slow channel variations.
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