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1. Introduction

Transmission power control (TPC) is a key technique to achieve link adaptation. TPC is also effective in decreasing interference to other users. This paper presents TPC schemes for E-UTRA uplink physical channels.
2. Definition of Non-serving Cells
In E-UTRA, hard handover was adopted as inter-cell (inter-Node B) macro diversity. However, we propose to define non-serving cell for a handover UE located near the cell boundary. The non-serving cells are decided by the UE measurement of the downlink reference signal. The cell providing the highest received signal power is the own cell. Then, the non-serving cells are defined as cells providing the second to N-th highest received signal power level (N is the number of non-serving cell candidates).
3. TPC for Uplink Shared Data Channel
E-DCH provides high-speed pack data transmission employing Node B scheduling and hybrid ARQ with soft-combining. However, the SIR-based closed loop transmission power control and inter-Node B soft handover were used as well as W-CDMA. Thus, the transmission power of a UE is controlled by the serving cell and also by non-serving cell. Moreover, the excessive inter-cell interference is suppressed by the overload indicator from the non-serving cell. As a result, stable operation is achieved considering interference margin of neighboring cells as well as the serving cell. 

Evolved UTRA is full packet based radio access. Thus, we cannot expect continuous transmission power control for the burst transmission in E-UTRA. Accordingly, to achieve efficient and stable transmission of uplink shared data channel, the overload indicator from the non-serving cell as well as serving cell is necessary. We apply a combination of closed-loop type slow TPC and fast adaptive modulation and coding (AMC) to the shared data channel in the uplink.
3.1. Decision of Transmission Powers of Initial and Retransmitted Packets

The transmission powers of the initial transmitted packet and retransmitted packet are decided as follows.

· The transmission power of the initial transmitted packet is decided and assigned only by the serving cell through the downlink control channel, which corresponds to an absolute grant in E-DCH [1].
· The transmission power of the retransmitted packet is decided by the relative grant from the serving cell and those from the non-serving cells, similar to the E-DCH approach. 

· If the subsequent packets are assigned using the same radio resources, it is also possible to use the transmission power control using the received relative grants.

The relative grants from the non-serving cells represent an overload indicator [2]. 

3.2. TPC Procedure
Slow TPC for the shared data channel is performed as follows. Figure 1 shows the flow of the slow TPC for the shared data channel.
· The initial transmission power of the shared data channel is decided by the serving cell (or UE). Then, the UE is informed of the initial transmission power using the downlink control channel.
· The UE transmits the initial packet of the shared data channel with the transmission power assigned by the serving cell

· Non-serving cells measure the received power, i.e., interfering power level, of the shared data channel belonging to the other cell. Then, if the interfering power level exceeds the pre-decided threshold, the non-serving cell transmits an overload indicator signal to the UE. Note that the non-serving cells don’t have to recognize UEs located near cell boundary as we explained about the interference measurement at the non-serving cells later. 
· The Relative Grant Channel (RGCH), which is specified in E-DCH, is a physical channel candidate to inform the UE of the overload indicator 

· Then, when the initial transmitted packet is erroneously decoded, the UE transmits the retransmitted packet with the decreasing transmission power by one step size as long as at least one non-serving cell feedbacks a “DOWN” signal, which indicates that the transmission power should be reduced.
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Figure 1 – Flow of slow TPC for shared data channel
3.3. Decision of Initial Transmission Power

The following options are considered to decide the initial transmission power of the uplink shared data channel at a set of UE.
· Method 1: Decision at the serving cell based on intra-cell interference 
In this method, the serving cell decides the initial transmission power from the intra-cell interference level, i.e., the interference margin of its own cell. Thus, the influences of interference to the surrounding cells are not taken into account.

· Method 2: Decision at the serving cell based on intra-cell and inter-cell interferences

In this method, the serving cell decides the initial transmission power from the intra-cell interference level as well as inter-cell interference, i.e., the interference margins of its own cell as well as that from the surrounding cells. Thus, the influences of interference to the surrounding cells are taken into account. In this case, each cell must transfer the interference margin of its own cell to the surrounding cells through the backhaul periodically.
· Method 3: Decision at the UE based on downlink path loss measurement

In this method, the UE decides the initial transmission power from the path loss between the serving cell and the UE measured using the downlink reference signal. The transmission power is decided so that the distance-dependent path loss and shadowing variation are compensated for.
3.4. Measurement of Interfering Power at Non-Serving Cell

· We assume that all cells have information related to the CAZAC sequences of reference signals in the uplink used in the surrounding cells as system information as shown in Fig. 2.
· The CAZAC sequences of each cell are allocated as system installation. The CAZAC sequences at each cell can be updated. In this case, the surrounding cells are informed of the new CAZAC sequence information of a cell through the backhaul.
· Therefore, each cell knows the CAZAC sequence information used in the surrounding cells

· Thus, each cell, as a non-serving cell, can measure the received signal power, interfering power level, of the shared data channel using reference signal using the cell-specific CAZAC sequence of the surrounding cells in each resource unit at each or every other TTI duration. In the case, the bandwidth for which non-serving Node B measures interference level should be constant.
· Accordingly, Node B needs to measure interference level of multiple bandwidths at each or every other TTI duration for the CAZAC sequences assigned to neighboring cells
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Figure 2 – Interference measurement using CAZAC sequences of reference signals 
used in surrounding cells
3.5. Transmission of Relative Grant
The relative grant is transmitted both from the serving cell and non-serving cells similar to that for E-DCH. We prefer the same signaling for the relative grant from the serving cell and that from a non-serving cell as defined in E-DCH.
(1) Transmission timing of relative grant

We assume the followings.
· The timing relation between the uplink shared data channel at each TTI and the transmission of the relative grant in the downlink from the non-serving cells is pre-decided 

· Synchronous hybrid ARQ is used in the uplink as was agreed. Thus, the timing relation between the initial transmitted packet  and retransmitted packet is pre-decided
· Therefore, the timing relation between the relative grant in the downlink and retransmitted packet is pre-decided and known to the UE as shown in Fig. 3. 

Then, each UE can know to which UE the relative grant is transmitted based on the following three types of information.
(1) Received timing of relative grant

(2) CAZAC sequence information

(3) Frequency block information
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Figure 3 – Timing relation between relative grant in downlink and retransmitted packet
(2) Relative grant of serving cell

The relative grant of serving cell is decided based on the measured received SINR of the initial transmitted packet. The adaptive control of the target SINR value according to the path loss for slow TPC is effective in increasing the cell throughput (this is also called as fractional TPC) [3], [4]. Thus, we use the adaptive control of the target SINR according to the path loss.
As we described earlier, the interference from the other cells may fluctuate over a wide dynamic range according to the location of the interfering sets of UE of the surrounding cells. Therefore, investigations on the effect of fast control against instantaneous channel variation are FFS considering fluctuating other-cell interference. The following methods are considered to mitigate the influence of fluctuating other-cell interference and their effect is FFS.
(1) Randomization of other-cell interference in the frequency domain through frequency hopping

(2) Inter-Node B interference coordination to suppress strong interference from other cells 

We prefer the same relative grant information as in E-DCH for the serving cell such as “UP”, “DOWN” and “DTX” including a multiple step size update. Here, the “DTX” means no transmission of relative grant in the downlink.
(3) Relative grant for non-serving cells
The relative grant for non-serving cells is decided by comparing the measured signal power of each CAZAC sequence with the pre-decided interference threshold level. The following information is carried by the relative grant channel.

(1) Surrounding cell index (CAZAC sequence)
(2) Frequency block: Note that the frequency block information is not necessary when the relative grant channel in the downlink is multiplexed corresponding to the frequency block in the uplink (see Fig. 4 as an example).
(3) Relative grant information: We prefer the same signaling as in E-DCH such as “DOWN” (command to reduce transmission power) and “DTX” (no problem) for non-serving cells.
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Figure 4 – Relationship between the frequency block in uplink and relative grant channel in downlink

(4) Multiplexing of relative grant channel with other physical channels
The following multiplexing methods are considered as shown in Fig. 5.
· Option 1: FDM based multiplexing with other physical channels, e.g., shared data channel. The channel carrying the relative grant is defined as an independent physical channel such as RGCH.
· Option 2: CDM based multiplexing with L1/L2 control channel. The channel carrying the relative grant is defined as an independent physical channel such as RGCH.
· Option 3: The relative grant information and related information are carried by the L1/L2 control channel.
Furthermore, assuming FDM based multiplexing of an independent physical channel or L1/L2 control channel carrying the relative grant information, TDM and CDM based multiplexing are considered to multiplex relative grant information for different UEs.
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(a) Option-1: FDM based multiplexing                         (b) Option-2: CDM based multiplexing
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Figure 5 – Multiplexing method of relative grant channel
3.6. Updating Interval for Transmission Power Control

E-UTRA adopts all packet-mode radio access based on fast Node B scheduler. Thus, unlike W-CDMA and E-DCH, continuous transmission power control is not possible. Therefore, the overload indicator from the neighboring cells is necessary to avoid excessively high interference to neighboring cells. Moreover, since the radio resource assignment to accessing UEs is updated every TTI duration, the minimum updating interval for transmission power control is one TTI duration.

However, updating interval of the transmission power control can be longer than TTI duration using the following method.

· We a When the overload indicator is feedback from the non-serving cell (Node B) to a UE, the overload indicator information to the UE is transferred to the serving Node B from the UE or directly from the non-serving Node B through backhaul
· Then, the serving Node B knows the upper limit of the transmission power of the UE to the non-serving cell.
· Thus, if the serving Node B knows the path loss between the UE and the non-serving Node Bs, the serving Node B can calculate the upper limit of the transmission power of a UE within the cell according to the path loss between the UE and the non-serving Node Bs
· Therefore, the serving Node B can assign the optimum transmission power to initial transmitted packet of a UE within the cell when the path loss information between the UE and the non-serving Node Bs are fedback.
· As a result, the updating interval of transmission power can be longer than TTI duration, because accurate assignment of initial transmission power is possible to a UE in the cell.

To summarize, if the path loss between a UE and serving Node B and those between a UE and non-serving Node Bs are informed to the serving Node B, the accurate assignment of initial transmission power to a UE within the cell be achieved. As a result, the updating interval of transmission power can be longer than TTI duration.
4. TPC for RACH
Open-loop-type slow TPC is applied to the random access channel (RACH). The transmission power of the RACH is decided by the path loss between a UE and a Node B, which is calculated from the measured average received signal power (or SINR) and transmission power information at the Node B. In the slow TPC, distance-dependent path loss and shadowing variation are compensated for and the instantaneous fading variation remains.
5. TPC for L1/L2 Control Channel

· TPC

· We apply closed-loop type TPC for L1/L2 control channel as the baseline to compensate for distance-dependent path loss, shadowing variation, and possibly instantaneous fading variation

· We use CQI-based closed-loop type TPC [5], [6]. When the shared data channel is transmitted in the uplink, the MCS information for the shared data channel is sent from the Node B through the downlink L1/L2 control channel. Thus, the TPC-specific control signaling is unnecessary. However, when no data channel is transmitted, TPC command should be transmitted from the Node B. Therefore, for data-non-associated L1/L2 control channel for the UE without uplink data, open-loop TPC is also a candidate.
· In the uplink employing scheduling based packet access, the interference from the other cells may fluctuate over a wide dynamic range according to the location of the interfering UEs of the surrounding cells. Thus, investigations of the effectiveness for fast TPC is necessary considering other-cell interference with a large fluctuation
· AMC

· AMC application to the downlink L1/L2 control channel was proposed in [7]. Combined usage of TPC and AMC may be applicable to the uplink L1/L2 control channel. 
· Modulation scheme candidates are BPSK and QPSK.
· When the shared data channel is simultaneously transmitted, additional control signaling is unnecessary by defining the corresponding relation between the MCS of the shared data channel and that of the L1/L2 control channel

6. Conclusion
This paper presented TPC schemes for uplink physical channels. In particular, we propose applying the relative grant as an overload indicator from non-serving cells to the shared data channel in the same manner as in E-DCH to achieve stable and efficient radio resource assignment.
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