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1. Introduction

Uplink (UL) power control in E-UTRA adjusts the UE total transmit power in order to achieve:
1. Successful packet reception after a targeted number of transmissions to achieve a desired QoS

2. Reliable control channel transport

3. Acceptable out of band emissions for coexistence or adjacent channel EVM near far problem 

4. Acceptable interference rise over thermal levels (IoT) in case: i) Maintain cell-edge coverage with acceptable cell edge performance and achieve high spectral efficiency simultaneously; ii) Data traffic with different QoS from different cells occupy the same uplink resources; iii) Data traffic and control transmissions from different cells share the same uplink resources.
The following working assumptions were agreed for FDD UL power control:

a. Intra cell power control is based on a-periodic UL power control adjustments.  For scheduled data, PC adjustments are included in UL scheduling grants and for non-scheduled data and PUCCH (e.g VoIP) it is FFS whether/how to send updates.
b. For inter-cell power control, cell wide overload indicator (OI) is exchanged between eNB’s on a slow basis.  The neighboring eNB’s can control individual UEs served by that eNB through it’s scheduler based on OI and available knowledge (e.g. pathloss obtained from normal handover measurements).
Since maximum commonality between FDD and TDD baseband structure is desired for 3GPP LTE, the UL power control for TDD should follow the FDD structure.
2. Pathloss (L) based UL Power control
It has been discussed in previous meetings that UE transmit power control can be pathloss based. This means a UE can estimate the received power of the downlink (DL) common reference signal (RS) and with knowledge of the eNodeB RS transmit power level can then estimate pathloss (including shadowing and antenna gains) referred to here as L. With such an estimate the transmit power per resource block to achieve a given SINR target for a desired MCS is computed as:
PL = SINRTARGET x NTH/RB (1 + IoT) / L 

(1.0)
Here PL should be less than PPC which is the upper limit of the transmit power set by power control. The scheduler should take this upper limit into account when assign MCS to the UE. The UE periodically sends pathloss reports so that the serving eNodeB can determine the UEs expected transmit power level when it next schedules that UE. Downlink CQI reports can additionally be used by an eNodeB to better estimate a UE’s expected transmit power level.
3. Fractional Power control

One practical power control scheme to determine the pathloss based power level (PPC) is a fractional power control scheme as described in [1] where only a fraction of the pathloss is compensated when determining the UE’s allowable transmit power level per resource block (power spectral density) as computed by 
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where 

PMAX is the maximum transmit power (nominal for power class), 
NRB is the number of resource blocks assigned to the UE,
Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, 

Lx-ile is the x-percentile path loss (plus shadowing) value. If x set to 5, then statistically 5 percent of UEs with bad channels will transmit at PMAX. 

 1>>0 is the balancing factor for UEs with bad channel and UEs with good channel.
Since FDM resource allocation is used and each UE would only occupy a portion of the system bandwidth, the uplink power control should control the transmit power per resource block.
4. Power control parameters adaptation

Different cellular system configurations require different optimal settings of the power control parameters. For example, in a system with large ISD, an optimal power control may require a majority of UEs to be able to transmit at full power due to power limited situation, while in a small ISD system, the power control may tend to limit the transmit power of most of the UEs to control the interference to an optimal level. Therefore, power control parameters need to be adapted based on different cellular system configurations, even for different sectors/cells in the same system.
An example of uplink power control adaptation scheme is described below [2]:

1) Node-B measures system performance, such as the received interference level, (maybe after interference cancellation,) the active load of the sector, the fairness/cell-edge performance, and the sector throughput, etc. 
2) Node-B sends the quantized measurement(s) to the neighboring Node-Bs through backbone networks (on a slow basis). 
· For example, the Node-B sends 2 quantized measurements to the neighboring Node-Bs. Each could be just one bit. One bit indicates the interference level – acceptable or not. Another bit indicates the uplink performance – satisfactory or not satisfactory.

3) Node-B adapts its parameters of the power control scheme according to the measured information from neighboring Node-Bs and also on its own measurements.

· In the case of fractional power control, Lx-ile and are the 2 key parameters. Although optimal Lx-ile may vary from system to system, it is not likely to be adapted dynamically. Therefore, the Node-B will just adapt  according to the uplink IoT and performance measurements of its own and from the neighboring Node-Bs.
4) Node-B sends power control commends (or scheduling grant messages) according to the updated power control parameter to the UEs or broadcasts updates of the power control parameters to the UEs if the power control is implemented in UEs.

5) Repeat step 1-4.

5. MCS or Transmit Power Correction (TPC) for Measurement and Accuracy Errors 
Due to estimation errors in determining TG and IoT and the accuracy error in a UE device for setting a desired transmit power level (e.g. +-9 dB as in UMTS) there is a need for a correction to be applied to MCS selection and/or to the determined pathloss based power level (i.e. PL) based on differences in expected and received uplink RS strength or SINR measurements as well as link errors on an a-periodic basis in the form of:

i) UL packet transmission decoding errors (CRC failures, SER, etc)

ii) UL RS symbol errors. 

Another reason for power correction is that when uplink sounding is available, the Node-B has more information about the channel than the UEs, especially for the case of frequency selective scheduling. The slow power control sets the average transmit power over the whole bandwidth for the UE, while the UE is usually granted to transmit using part of the bandwidth. Due to frequency selectivity, any part of the bandwidth experiences path loss and fading different from the whole bandwidth. Therefore, the Node-B schedules the UE to transmit at certain data rate based on its knowledge of the channel from path loss estimation and uplink sounding signal. On the other hand, the UE sets its transmit power based only on the path loss estimation. 

With regard to power control, one possibility is to include a transmit power correction (TPC) command in the uplink scheduling grant sent in the downlink L1/L2 control channel to correct for estimation and accuracy errors. The TPCs received by a UE could be accumulated (to correct measurement and PA errors) or not accumulated (to compensate the time/frequency selectivity of the channel). The later could be sent with the uplink grant and the former could be sent on when needed.

The TPC command could be in the form of a dB power correction (P TPC) given by:
P TPC = f (expected & actual received UL RS power, link errors)

with a range [-4,2] dB in 2 dB steps which can be represented with a 2 bit field. An MCS adjustment determined using UL link error and RS received power or SINR information can reduce the size or need for an eNode-B transmit power correction sent on a UL scheduling grant.

Therefore, the UE transmit power per resource block (PTXul) would be computed for the whole TDD UL sub-frames allocated by
P TXul = P L (dBm) + PTPC (dB)
A UEs maximum total transmit power limit (PMAX) nominal for its class can be de-rated by an amount () dependent on the channel bandwidth and channel location in the carrier to better reflect its OOB emission impact and to minimize the required de-rating instead of always using a worst case de-rating factor. Therefore, a UE’s transmit power per resource block after limiting is given by
P TX = min{PTXul, (channel BW, channel location in carrier) * PMAX / NRB}
6. Conclusions

It is concluded that UL power control mechanism for TDD should be same as FDD UL power control.
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