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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 the downlink L1/L2 control signaling bits required for proposed TPC schemes for E-UTRA uplink shared data channels [1].
2. Outline of Proposed TPC Scheme for Uplink Shared Data Channel
In the proposed method [1], 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 [2].
· The transmission power of the retransmitted packet is decided by the relative grant from the serving cell that indicates an “overload indicator” and those from the non-serving cells, similar to the E-DCH approach. 

· Thus, when the initial transmitted packet is erroneously decoded, the user equipment (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.
The procedure is illustrated in Fig. 1.
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Figure 1 – Flow of slow TPC for shared data channel
3. Downlink L1/L2 Control Information Required for Uplink TPC for Shared Data Channel
In the proposed method, two L1/L2 control signaling bits are necessary.
· TPC command for initial transmission (absolute grant)

· TPC command for re-transmission (overload indicator or relative grant)
3.1. TPC Command for Initial Transmission (Absolute Grant)
TPC command for initial transmission (absolute grant) is transmitted as a part of scheduling grant [3]. Scheduling grant contains uplink resource assignment information, modulation and coding scheme, and UE ID. The above information is jointly coded.
3.2. TPC Command for Re-transmission (Overload Indicator or 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) Contents of relative grant

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. The relative grant is transmitted for respective frequency band of uplink.

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

(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. 2 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 2 – Relationship between the frequency block in uplink and relative grant channel in downlink

(2) Transmission timing of relative grant

· The timing relation between the uplink shared data channel at each transmission time interval (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
(4) Multiplexing of relative grant channel with other physical channels
The following multiplexing methods are considered as shown in Fig. 4.
· Option 1: FDM based multiplexing with other physical channels, e.g., shared data channel.
· Option 2: CDM based multiplexing with L1/L2 control channel.

· Option 3: The relative grant information and related information are carried as L1/L2 control channel.
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(a) Option-1: FDM based multiplexing                         (b) Option-2: CDM based multiplexing
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(c) Option-3: Multiplexed with L1/L2 control channel

Figure 4 – Multiplexing method of relative grant channel
4. Uplink Control Information for Transmission Power Control

The accurate assignment of initial transmission power to a UE within the cell can be achieved when the following information is transferred to the serving Node B.

· Path loss between a UE and the serving Node B and those between a UE and non-serving Node Bs. The measured path loss information is carried by the shared data channel as user data.

· Overload indicator information to the UE of the own cell. The overload indicator is directly transferred from the non-serving Node B to the serving cell through backhaul.
Then, since the initial transmission power is accurately assigned considering interference power to non-serving cells, the updating interval of transmission power can be longer than TTI duration. Thus, we propose optional functions to measure the path losses between a UE and non-serving Node Bs as well as that between a UE and the serving Node B and to report the measured path loss information to the serving Node B. We also propose optional function to transfer overload indicator information from non-serving Node B to serving Node B.

5. Conclusion
This paper presented the downlink L1/L2 control signaling bits required for proposed TPC schemes for E-UTRA uplink shared data channels.
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