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1 Introduction
E-UTRA uplink (UL) power control should rely on both open-loop and closed-loop manner [1]-[6]. During Malta meeting and previous email reflector discussions, it was concluded as follows:

· Uplink intra-cell power control is based on closed-loop power control around a set-point obtained by open loop.

· With closed-loop power control, each UE may adjust its transmit power spectral density based on overload indicators (OI).

· Cell wide OI exchanged over X2 on a slow basis.
· Neighbouring eNode-B can control individual UEs served by that eNode-B through it’s scheduler based on OI and available knowledge (e.g. path loss obtained from normal handover measurements).
In St. Louis meeting, QAM-64 has been adopted as a working assumption to improve the UL peak rate. The question we need to raise now is that with UL power control, what is the probability of QAM-64 that may be chosen for data transmission. Our system level simulation shows that this probability is extremely small due to the low transmission power level for some UEs who are nearby the cell center. This may give an influence on cell throughput performance.
Taking into account all the assumptions discussed above, our proposal is to use the concept of fractional frequency reuse (FFR) on the uplink to improve the channel quality for either cell edge or cell centre UEs.  When FFR is combined with uplink power control, a different power control target can be used for different FFR zones.  In this way, when neighbouring cells use different zones for the high power control target UEs, the channel quality for the users can be improved.  To control the channel quality of the UE, the power control targets for the two groups of users can be adaptively updated by exchanging parameters between e-Node-Bs.  The parameters can be information related to loading such as IoT or it can be instructions to either decrease or increase the loading on specific FFR sub-zones.  
Without FFR, cell edge UEs may be transmitting on the same tones of cell edge UEs that are transmitting in a neighbouring sector, causing a low channel quality for both UEs.  Also, without FFR cell centre UEs may not be able to use high data rates such as QAM-64 if the PC targets of cell edge UEs in neighbouring sectors are not adaptively controlled. 
2 FFR based UL Power Control
To enable FFR on the up-link, the frequency band is divided into FFR zones.  Some of the FFR zones are IoT restricted, while others are unrestricted.  In the IoT restricted zones, the IoT loading threshold is controlled by the neighbouring sectors.   These IoT restricted zones are used to schedule cell centre UEs, which have a lower transmit power and therefore cause less interference to other sectors.  The unrestricted zones are used to schedule either cell edge UEs or cell centre UEs. 
2.1 UE Grouping

In the proposed scheme, once FFR is enabled, the UEs are grouped into two groups based on the amount of interference they cause to neighbouring sectors.  This can be accomplished by determining the UE’s downlink pilot power ratio (PPR) or by calculating the path loss difference between the strongest neighbouring sector and the serving sector.  For example, the UEs with a high path loss difference or a high PPR, such as cell centre users, are grouped together to form group G1, while the UEs with a small path loss difference or low PPR, such as UEs at the cell edge, form a separate group, G2.  This UE grouping can be expressed using the following equations
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In the above equations, 
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 represents the difference between the path loss to the serving sector and the path loss to the strongest neighbouring sector for user i and M is a sector defined threshold for grouping the UEs.  

2.2 IoT Control and UE Scheduling
For a 3 sector per cell layout, the frequency band can be divided into three zones where each sector uses a different zone for scheduling UEs with an unrestricted IoT loading threshold.  This zone can be used to schedule UEs from either G1 or G2.  See Figure 1 below. The load on the other restricted zones is controlled by IoT indications from neighbouring Node-Bs.  If a Node-B determines that UEs from a neighbouring Node-B are causing too much interference, it can send an IoT indication to the Node-B to reduce its load on the restricted FFR zones. Note that IoT measurement by each Node-B is only done in the unrestricted zone, and sent to its neighbouring e-Node-B over X2 interface.
In this scheme, cell edge users, scheduled on the unrestricted zone, will see lower interference since the interference from the other sectors will be from restricted zones where cell centre users are scheduled.  When cell centre UEs are scheduled on the unrestricted zone, they will also see less interference, which can result in a higher assigned data rate (e.g., using 64QAM).  As the IoT loading restrictions on the restricted FFR zones decreases, the scheduler can change the criteria (say 
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)  used to form the group G1 so that the high interferers are moved to group G2 or it can lower the target threshold (say M) for the UEs in group G1.  
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Figure 1:  Illustration of how FFR and user grouping can be used to improve cell coverage and to increase the probability of assigning QAM-64 to cell centre users.
The equations used to set the target SINR for the UEs can be the same as in [4].  However, since the loading on the different FFR zones can be controlled separately, a separate equation for assigning a target SINR should be used for the different FFR zones.  See Figure 2.  Although both equations have the same minimum and maximum target SINR, the minimum SINR,
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, is assigned at a lower path loss difference, P, on zone F1 than on zone F2 and F3. Also, since the cell edge UEs are confined to one FFR zone and since the number of cell edge UEs is different for different sectors, the slope of the two equations may be different.  
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Figure 2:  Illustration of target SINR for the different FFR zones in sector-1.  As the allowed IoT loading decreases on the restricted FFR zones, F2 and F3, M increases and the curve for the F2 and F3 zones shifts to the right, and vice versa.
In the proposed scheme, each UE determines which group it is in based on its path loss difference between the strongest interfering sector and the target sector.  For example, a group G2 UE in sector 1 determines its target SINR using the equation for the F1 zone, whereas a group G1 user uses either the equation for the high power zone (F1) or for the low power zones (F2, F3), depending on the assigned zone.  The equations for the different zones can be as defined in [4] where the target SINR is given by
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where the subscript i in the slope parameter, 
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 denotes the group number, i = 1, 2.

Once the UE determines its target SINR, it calculates its transmit PSD on the assigned FFR zone using the following equation.
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where Max_Tx_PSD is the maximum transmission PSD in dBm, L is the path loss in dB and Ij is the interference plus noise in dB on the assigned FFR zone j.

It is worthwhile noting that instead of using path-loss difference, P, as UE input, the PC formula could rely on a path-loss, P. In this case, the PC formula should be given as
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2.3 UL Power Control Parameters

In the proposed power control scheme, each sector should broadcast the following parameters to served UEs:

· Min_Target_SINR_dB,
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, the minimum SINR target

· Max_Target_SINR_dB, 
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, the maximum SINR target

· 
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, group 1 UE uses for closed-loop PC

· 
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, either group 1 or group 2 UE uses for open-loop PC

· M, sector defined threshold for grouping the UEs, updated based on the exchanged IoT experienced by neighbouring e-Node-B (e.g., ramp up or down by 1dB).
· Also, in order for the UE to precisely determine its transmit PSD, a separate interference value is required for the different FFR zones.
2.4 Flowchart of UL Power Control
The flowchart describing the open-loop and closed-loop FFR based power control is illustrated in Figure 3.
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Figure 3:  Flowchart of UL open-loop and closed-loop power control.
3 Conclusions
This contribution describes the high level concept of power control with FFR and UE grouping. The benefits of this power control scheme can be concluded as follows:
· High flexibility of UL power control.

· Increased probability of using QAM-64 when UE is near by the cell center.

· Increased coverage on the uplink.
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