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1. Introduction

For the E-UTRA uplink, transmit power control (TPC) is considered to compensate for at least path loss and shadowing and to mitigate interference [1]. In this paper, we propose a combined open loop and closed loop TPC scheme with inter-cell interference mitigation for the uplink. The closed loop control is based on CQI (e.g., UL MCS or grant information). Open loop is used to compensate for a fraction of long-term path loss and CQI based power control is used to compensate for the open loop related errors such as measurement, estimation, and power setting errors. In the combined scheme, the CQI based component is weighted according to availability of CQI information in DL. The proposed TPC scheme can be used for both the UL data and control channels. Also, it is flexible and adaptive to dynamic system/link parameters and channel conditions, in order to achieve the UL E-UTRA requirements [2].

Additionally, in order to avoid poor UL channel and CQI estimation where the channel and CQI estimation is based on the UL reference signal, it is proposed that the UL TPC for data channel runs as fast as 100 Hz (preferably, one TPC update per one or two HARQ cycle period(s)). For data-associated control signaling, the TPC update rate can be increased to 1000 Hz, assuming a maximum UL CQI reporting rate of once per 1 msec TTI.    

2. Background

For the UL E-UTRA, there are several intra-cell TPC proposals [3] [4] [5], which were submitted to 3GPP LTE WG#1. They can be generally divided into (slow) open loop TPC and slow closed loop (or CQI based TPC). Open loop TPC can compensate for long-term channel variations (e.g. pathloss and shadowing) in an effective way, for instance, without the history of the transmit power, but it typically suffers from errors in pathloss measurement and transmit power setting. On the other hand, slow closed loop or CQI based TPC is less sensitive to errors in measurement and transmit power setting, because it is based on feedback signaled from the eNodeB. However, it degrades performance when there is no available feedback due to UL transmission pause or pauses in the feedback transmission. On the other hand, in [6], an inter-cell TPC scheme for E-UTRA UL was discussed.     

In the following, we propose an enhanced UL TPC scheme, which combines an open loop TPC scheme and a closed loop TPC scheme with inter-cell interference mitigation. 
3. Proposed Combined Open Loop/Closed Loop UL TPC with Interference Mitigation for Shared Data Channel
From a high level perspective, the proposed scheme is as follows:

· The UE performs open loop TPC based on pathloss measurement and system parameters.
· The UE incorporates the interference load indicator from the strongest neighboring cell, in order to mitigate inter-cell interference in the neighboring cell(s).
· The UE then corrects its transmit power in some form of closed loop TPC, which may be biased due to open loop TPC related errors, according to the received CQI (UL MCS or grant information) in DL and target SINR, in order to compensate for the open loop errors.

For the UL shared data channel, the UE TPC is determined as follows:
In the initial transmission phase, the UE derives its transmission power, denoted by PTx, based on the DL reference signal such as
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where SINRT is the target SINR in dB at the serving eNodeB. PL is the pathloss in dB, including shadowing, from the serving eNodeB to the UE, where the UE measures the pathloss based on the DL reference signal whose transmit power is known at the UE via DL signaling. IN0 is the UL interference and noise power in dBm, measured at the serving eNodeB. K is a power control margin set by the serving eNodeB. Pmax and Pmin are the maximum and minimum power levels in dBm, respectively, for the UE. We assume that the target SINR for a UE (or a sub-group of UEs) is adjustable using an outer loop TPC scheme according to a certain metric at the serving eNodeB [3]. In addition, in the case of UL MIMO, the target SINR shall depend also on the selected MIMO mode, taking into account the fact that different MIMO modes require different SINR  for a given link quality (e.g., BLER). 
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 represents the UL load control step size which is a function of the UL interference load (e.g. interference over thermal) indicator of the strongest neighboring cell, 
[image: image3.wmf]S

IoT

 where the strongest neighboring cell is determined at the UE, based on pathloss measurements from the individual neighboring cell to the UE. It is assumed that each cell broadcasts an UL interference load bit periodically (similar to the relative grant in HSUPA), so that the UE can decode the indicator bit from the selected strongest neighboring cell. 

For example, 
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where δ is a predefined system parameter, for instance, δ= -1 or -2 dB. With the use of Δ(IoTs), inter-cell interference in neighboring cells can be mitigated. 

Since UEs at cell center inject less interference into other cells than those at cell edge, a fraction of the load control step size is considered as follows:
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The UE may make a decision on whether the UE is at cell edge or at cell interior, based on a pathloss ratio between its serving cell and the strongest neighboring cell, e.g.

If (pathloss_serving_cell - pathloss_strongest_neighboring_cell) < R (dB),  = 4

where R represents the virtual boundary layer between the cell interior zone and cell edge zone. The parameter R may be broadcast by the eNodeB semi-statically.
After the initial transmission phase, the UE transmit power is calculated as follows:
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where f (CQI, SINRT ) is a correction factor based on the UL CQI (UL MCS or grant information) and the corresponding target SINR where both the CQI and the target SINR are signaled from the serving eNodeB. 
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, is a weighting factor which may be determined according to channel conditions and CQI availability (or UL transmission pause). For instance, in the case that there is no UL CQI (UL MCS or grant information) available from the eNodeB due to no scheduled UL data transmission, the weighting factor,
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, is set to zero; otherwise, it is set to equal to or less than one. 

The correction factor, f (CQI, SINRT), is used to compensate for open loop TPC related errors, including the pathloss measurement error due to non-perfect reciprocity in UL and DL in FDD and the UE transmitter impairment due to non-linear UE transmitter power amplification. Taking into account the fact that the UL CQI represents the SINR received at the eNodeB, the correction factor can be calculated such as, 
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where 
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 represents the eNodeB received SINR estimate which the UE derives from the UL CQI feedback. 
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 denotes the estimated SINR average over time such as  
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where  
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 is the averaging filter coefficient, 
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The correction factor, given above by the difference between the target SINR and the estimated SINR (derived from the reported CQIs), represents the open loop TPC related errors which need to be compensated.
The following summarizes the eNodeB signaling required for the proposed TPC scheme: 

· A target SINR level, SINRT, which is a UE (or a sub-group of UEs)-specific parameter as a function of the distance (e.g., pathloss) [3] from the eNodeB to the UE(s) and/or the given quality requirement(s) such as BLER, where the target SIR may be adjusted through an outer loop mechanism. The signaling of the target SIR is done via in-band L1/2 control signaling upon its adjustment.

· A power control margin, K, which is a eNodeB-specific parameter. K is likely to be semi-static and signaled via the BCH.  It should be noted that even though K is assumed to be separately signaled along with the other parameters, it may be embedded in the target SINR such as SINRT (after embedding)  = SINRT + K  (dB). In this case, explicit signaling of K to the UE is not required.

· A total UL interference and noise level, IN0, which is averaged across all the sub-carriers (or RBs) in use or a subset of the sub-carriers. This is derived by the eNodeB (and possibly signaled via BCH). The update rate for this signaling is generally relatively slow.

· The maximum and minimum UL power level, Pmax and Pmin. These may be UE capability dependent parameters or may be expressly signaled by the eNodeB.

· A UL channel quality indicator, CQI (e.g. UL MCS or grant information), which is signaled originally for the purpose of UL AMC (with a maximum signaling rate of once per TTI, e.g. 1000 Hz). 
· A CQI mapping rule (or bias between CQI and measured SINR), which the eNodeB uses for CQI feedback generation. This rule or parameter may be combined into the target SINR. In this case, explicit signaling of the rule (or parameter) is not required.

· A UL interference load indicator from each eNodeB,

· The semi-static parameter R which represents the virtual boundary layer between the cell interior zone and cell edge zone.            

The advantages of the above TPC proposal are 

· It does not require additional feedback TPC commands other than the above listed system parameters including the target SINR, cell interference/noise level, reference signal transmit power and constant value, which can be broadcast (or directly signaled) to UEs on a slow rate basis. 

· It is designed to be flexible and adaptive to dynamic system/link parameters (target SINR and inter-cell interference loading condition) and channel conditions (path loss and shadowing), in order to achieve the E-UTRA requirements.      

· It is compatible with other link adaptation schemes such as AMC, HARQ, and adaptive MIMO.  

As an alternative means of inter-cell interference mitigation, instead of broadcasting an interference load indicator from each eNodeB,, the serving eNodeB may co-ordinate inter-cell interference levels with other cells and incorporate them through adjusting the target SIR, power control margin K or possibly Pmax accordingly.   
4. UL Power Control Update Rate for Data Channel

For accurate UL channel estimation (for UL data/control signaling demodulation) and CQI estimation (for UL scheduling and link adaptation), it is desirable to adjust the UL reference signal transmit power at a relatively fast rate to cope with poor channel and/or system conditions as quickly as possible. Even though the above proposed UL TPC for data channels is aimed at updating the UE transmit power at a slow rate (taking into account UL AMC per 1msec-TTI), but we propose an update rate of as fast as 100 Hz (for instance, one update per one or two HARQ cycle period(s)), in order to avoid poor UL channel and CQI estimation. The update rate is controlled by the UE.  

5. UL TPC for Control Signaling

For the UL control signaling, the UE uses the above combined TPC scheme with the following modifications:

· When UL CQI is available with a maximum CQI reporting rate of once per 1 msec TTI, uses a fast TPC update rate such as 1000 Hz. In this case, the correction factor, f (CQI, SINRT), in Eq. (2) can be expressed by
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where CQI is the most recent UL CQI. In addition, set the weighting factor, 
[image: image19.wmf], to one. This means a combined open loop and fast CQI-based TPC.
· When no UL CQI is available, disable the CQI-based TPC component, that is, setting 
[image: image20.wmf] to zero. This means open loop TPC only. 
· The inter-cell interference TPC component may be disabled by simply setting 
[image: image21.wmf] to zero. 

6. Conclusion
In this paper, we propose a combined open-loop and closed-loop TPC scheme with inter-cell interference mitigation for the uplink. The closed-loop control is based on CQI (e.g., UL MCS or grant information). Open loop is used to compensate for a fraction of long-term path loss and CQI based power control is used to compensate for the open-loop related errors such as measurement, estimation, and power setting errors. In the combined scheme, the CQI based component is weighted according to availability of CQI information in DL. The proposed TPC scheme can be used for both the UL data and control channels. Also, it is flexible and adaptive to dynamic system/link parameters and channel conditions, in order to achieve the UL E-UTRA requirements [2].

Additionally, in order to avoid poor UL channel and CQI estimation where the channel and CQI estimation is based on the UL reference signal, it is proposed that the UL TPC for data channel runs as fast as  100 Hz (preferably, one TPC update per one or two HARQ cycle period(s)). For data-associated control signaling, the TPC update rate can be increased to 1000 Hz.
7. Text Proposal

We propose to capture the following text in 36.213:

-----------------------------------Start of text proposal-------------------------------------

5
Power control

5.1
Uplink power control

5.1.1
Physical uplink shared channel

5.1.1.1
UE behaviour

For the uplink shared data channel, the UE shall determine its transmit power based on a combined open-loop and CQI (UL MCS or grant information) based transmit power control at a slow update rate such as 100 Hz. In the initial transmission and/or when there is no UL CQI available from the eNodeB, such as transmission pause, the CQI based transmit power control component is disabled and only open loop TPC is used. In addition, the UE incorporates the interference load indicator from the strongest neighboring cell, in order to mitigate inter-cell interference in the neighboring cell. A fraction of the load control step size is considered, since UEs at cell center inject less interference into other cells than those at cell edge.   

5.1.1.2
eNodeB behaviour

The eNodeB shall broadcast the TPC associated system parameters including its reference signal transmit power level, interference level (and/or interference load indicator), and power margin. In addition, the eNodeB shall signal to the UE the TPC associated UE-specific parameters including target SINR, the UE maximum power level, and the minimum power level, where the signaling is done via in-band L1/2 control signaling. An outer loop may be used to adjust the target SINR. Additionally, for UL inter-cell interference power control, the eNodeB may broadcast the layer parameter representing the boundary layer between the cell interior zone and cell edge zone   

5.1.2
Physical uplink shared control channel

5.1.2.1
UE behaviour

For the uplink shared control channel, the UE shall determine its transmit power based on a combined open loop and CQI based transmit power control at a fast update rate such as up to 1000 Hz. When there is no UL CQI available from the eNodeB such as transmission pause, the CQI based transmit power control component is disabled and only open loop TPC is used.

5.1.2.2
eNodeB behaviour

The eNodeB shall broadcast the TPC associated system parameters including its reference signal transmit power level, interference level, and power margin. In addition, the eNodeB shall signal to the UE the TPC associated UE-specific parameters including target SINR, the UE maximum power level, and the minimum power level, where the signaling is done via in-band L1/2 control signaling. An outer loop may be used to adjust the target SINR.

-----------------------------------End of text proposal-------------------------------------
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