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1. Introduction

Evolved UTRA must efficiently support and be optimized for PS-domain service [1]. Therefore, for the shared packet data channel, channel dependent scheduling, adaptive modulation and channel coding rate (AMC), and hybrid ARQ should be employed in order to achieve efficient packet transmission. However, to achieve this efficient packet access, the shared control signaling channel with very high quality (such as the required packet error rate of 10-2 to 10-4) is required and this high quality level should be achieved without employing hybrid ARQ. To achieve this, application of an accurate transmission power control (TPC) to the shared control signaling channel is a promising approach [2]-[4]. In this document, we propose a TPC method based on the measured CQI (CQI-based TPC) appropriate for the control signaling channel in the Evolved UTRA downlink and uplink.
2. Proposed TPC Method for Control Signaling Channel in Evolved UTRA
This section describes the proposed TPC for the shared control channel in the Evolved UTRA. The following points form the basis of the background of our proposal.
· To meet the requirements for packet based radio access, a TPC method that requires the history of its own transmission power such as the closed-loop TPC in R99 should be avoided.
· On the other hand, it can be assumed that the channel quality indicator (CQI) measurement is performed for channel dependent scheduling and AMC at least before the transmission of the shared packet data channel.
The proposed CQI-based TPC method can cover these assumptions. Thus, the proposed CQI-based TPC method controls the transmission power of the shared control signaling channel in order to compensate for the fast fading variation, based on the CQI measured value and without using the history of its own transmission power.

2.1. CQI-based TPC for Downlink Shared Control Signaling Channel
(1) Basic principle of the CQI-based TPC in Downlink
Figure 1 shows the basic principle of the proposed CQI-based TPC for the downlink shared control signaling channel. The transmission power of the downlink shared control signaling channel is determined as follows.
· The UE first measures the downlink instantaneous CQI using the downlink common pilot channel and reports it via the uplink shared control channel to Node B.
· Node B determines the transmission power of the shared control signaling channel for that UE by using a predetermined lookup table that denotes the relationship between the reported CQI and the required transmission power of  the shared control signaling channel in order to satisfy the required PER performance
· Node B transmits the downlink shared control signaling channel using the determined transmission power.
Therefore, the proposed  TPC method does not require any additional control signaling for TPC and can determine the required transmission power which tracks the fast fading variation without history of the transmission power in past. This property is very appropriate and well suited to the Evolved UTRA, which is optimized for PS-domain traffic.
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Figure 1 – Basic principle of the CQI-based TPC in downlink shared control signaling channel
(2) TPC Method Selection According to the Contents of the Downlink Shared Control Signaling Channel

Table 1 summaries an example of the physical and Layer 2 control messages conveyed by the downlink shared control signaling channel [5]. 
Table 1 – Example of the Physical and Layer 2 Control Messages Conveyed by Downlink Shared Control Signaling Channel [5]
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Here, the following points should be taken into account when selecting the appropriate TPC method.

· There are two candidates for channel coding of the control signaling bits for multiple sets of UE. The first candidate is separate channel coding for different sets of UE (similar to HS-SCCH in HSDPA). The second candidate is channel coding together with all the target sets of UE. The separate channel coding may be simpler than concatenated coding on the UE side, however, a lower channel coding gain is expected.
· We assume that only the case when Shared data channel will be transmitted to a UE (this transmission is informed to the UE by the downlink control channel), the UE reports CQI to Node B in advance.

The features of the proposed TPC method selection are as follows.
· When the channel coding of the control signaling bits is separately performed UE-by-UE, the transmission power of each control signaling bit is determined by the corresponding UE CQI report value. On the other hand, when the channel coding of the control signaling bits is performed together with all the target sets of UE, the transmission power of the control signaling bits is determined based on the worst CQI among all the target sets of UE.

· For the control signaling bits for the uplink in Table I, when the target UE is also requesting a downlink data transmission and therefore the CQI is reported from that UE, the CQI-based TPC is applied. On the other hand, when the target UE is not requesting a downlink data transmission, CQI-based TPC is not performed on the control signaling bits for the uplink for that UE and instead constant transmission power is assigned.

(3) Transmission Power Sharing Among Simultaneous Sets of UE

To perform TPC on the downlink shared control signaling channel for multiple sets of UE, the total allowable transmission power of the Node B should be shared by multiple sets of UE. In this sub-section, a possible basic multiplexing method that achieves power sharing for multiple shared control signaling channels is described. 

FDM is the one candidate to achieve efficient power sharing among multiple shared control signaling channels. Figure 2(a) shows an example. When distributed FDM is used (left-hand side), CQI averaged over the entire bandwidth will be used to determine the transmission power. When localized FDM is used (right-hand side), the CQI report corresponding to the chunk (transmission band) for the control signaling channel transmission will be used to determine the transmission power.
CDM is another candidate as shown in Fig. 2(b). Both in frequency and time domain spreading and CDM are applicable. Obviously, a hybrid of FDM and CDM can also achieve efficient power sharing.
On the other hand, TDM will cause an increase in the peak power by using TPC. Therefore, for the multiplexing of multiple downlink shared control signaling channels, FDM and CDM are promising candidates.
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(a) FDM
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(b) CDM
Figure 2 – Multiplexing of multiple downlink shared control signaling channels

2.2. CQI-based TPC for Uplink Shared Control Signaling Channel
(1) Basic principle of the CQI-based TPC in Uplink
Figure 3 shows the basic principle of the proposed CQI-based TPC for the uplink shared control signaling channel. The transmission power for the uplink shared control signaling channel is determined as follows.

· The UE transmit a pilot channel for CQI measurement to Node B for scheduling and AMC for the shared data channel transmission. Then, Node B measures the uplink instantaneous CQI. 

· Node B determines the transmission power of the uplink shared control signaling channel and informs the UE of this value using the downlink shared control signaling channel. There are roughly two methods for this procedure. The selection of two alternatives is FFS.
(a) Explicit method: In this case, Node B calculates the required transmission power for the uplink shared control signaling channel relative to the pilot channel based on the measured CQI using the predetermined lookup table. Then, Node B explicitly informs the UE of the transmission relative power for the shared control signaling channel via the downlink shared control signaling channel. This method can also control the transmission power of a set of UE to which the uplink shared data channel is not assigned, however, an additional control signaling bit for TPC is required.
(b) Implicit method: In this case, Node B does not calculate the required transmission power and only the MCS for the shared data channel selected by using the measured CQI is transmitted to that UE only when that UE is scheduled. Then, the UE can calculate the transmission power of the shared control signaling channel by using the predetermined lookup table which denotes the relationship between the reported MCS and the required transmission power of the shared control signaling channel. This method does not require an additional signaling bit for TPC, however, the TPC is only applicable to the UE to which the uplink shared data channel is assigned since for other sets of UE, the MCS information is not reported from Node B.
· UE transmits the uplink shared control signaling channel with the reported or determined transmission power.
Similar to the proposed CQI-based TPC in downlink, the proposed  TPC method in the uplink does not require or requires only minimal control signaling for TPC and can determine the required transmission power to track the fast fading variation without the history of the transmission power. This property is very appropriate and well suited to the Evolved UTRA, which is optimized for PS-domain traffic.
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Figure 3 – Basic principle of the CQI-based TPC in uplink shared control signaling channel
(2) TPC Method Selection According to the Contents of the Uplink Shared Control Signaling Channel

Table 2 summarizes an example of the physical and Layer 2 control messages conveyed by the downlink shared control signaling channel [4]. Note that compared to [4], we rearranged the messages from the viewpoint of whether the bits are used for the assigned shared data channel transmission (corresponds to (1) and (3)) or for scheduling of the shared data channel ((2) and (4)). 

Table 2 – Example of the Physical and Layer 2 Control Messages Conveyed by Uplink Shared Control Signaling Channel [4]
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For (1) and (3), since the corresponding transmitted shared data channel must be wasted if these bits are not received correctly, the impact of the decoding error on these bits is very large. On the other hand, since the control bits for (1) and (3) are transmitted only from the sets of UE to which the downlink or uplink shared data channel is assigned, the increase in the control complexity and overhead for CQI-based TPC is not large.
The control bits for (2) and (4) are transmitted from all the sets of UE that request a downlink and/or uplink shared data channel transmission. In this case, we should use the explicit method for TPC; consequently, high control complexity and a large signaling overhead are required.
Therefore, we propose using CQI-based TPC for the control signaling bits for (1) and (3) (in other words, for the UE to which the downlink or uplink shared data channel is assigned). For the control signaling bits for (2) and (4), open loop slow TPC can be applied.

3. Conclusion

This document proposed a TPC method based on the measured CQI (CQI-based TPC) appropriate for the control signaling channel in the Evolved UTRA downlink and uplink.
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