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1. Introduction

We have proposed CQI-based transmission power control (TPC) in [1], which is appropriate for TPC method of control channel in Evolved UTRA optimized for PS-domain service [2]. In this contribution, we discuss the application of CQI-based TPC on each uplink control signaling channel and impact on the air interface.
2. CQI-based TPC for Each Control Signaling in Uplink
2.1. General description of CQI-based TPC for Uplink
The proposed CQI-based TPC method controls the transmission power of L1/L2 control signaling channel in order to compensate for the fast fading variation based on the uplink CQI value. Thus, the CQI information is used not only for channel dependent scheduling, adaptive modulation and channel coding rate (AMC) of shared data channel, but also for TPC of L1/L2 control signaling channel as shown in Fig. 1. Since, the required transmission power (possibly required transmission power relative to pilot/data channel) is directly calculated and fedback to UE, CQI-based TPC method does not need the history of its own transmission power in the past. Therefore, CQI-based TPC has high affinity for the PS-domain-optimized Evolved UTRA uplink.

[image: image1.emf]CQI 

measurement 

using uplink 

pilot

Decision of 

transmit power 

of control 

channel

Multi-level 

TPC 

command 

feedback

TPC of control 

channel

Directory indicates transmission power of control channel

At Node B At UE


Figure 1 – General description of CQI-based TPC for Uplink
2.2. CQI-based TPC for Each Uplink L1/L2 Control Signaling Channel
Based on e.g. [1, 3, 4], we discuss the applicability of CQI-based TPC on the following candidates of uplink L1/L2 control signaling channel.
· Data-associated signaling (e.g., transport format and hybrid ARQ information), which is associated with uplink data transmission
· Data-non-associated signaling

(1) ACK/NACK for downlink transmissions
This control signaling is transmitted only from UEs to which downlink transmission was allocated in the downlink
(2) CQI due to downlink transmissions and scheduling request for uplink transmission
This control signaling is transmitted from all UEs which have a data to be transmitted in downlink and uplink, respectively.
(1) Data-associated control signaling channel
When CQI-based TPC is performed on data-associated control signaling channel, we don’t need any additional TPC command in downlink. This is because that the MCS information transmitted in downlink is used simultaneously for assigning MCS of the shared data channel and for TPC of the data-associated control signaling channel. Table 1 shows an example of the lookup table of MCS of the shared data channel and transmission power of the data-associated control signaling channel. The lookup table, i.e. the relationship between MCS and transmission power of the data-associated control signaling channel can be controlled by the outer-loop to maintain the required QoS (i.e., packer error rate) for data-associated control signaling channel.
Table 1 – Example of the lookup table of MCS of the data channel and corresponding transmission power of the data-associated control signaling channel
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(2) Data-non-associated signaling channel

Application of the CQI-based TPC on data-non-associated signaling channel is discussed in the following subsection. Note that when the any of data-non-associated signaling channel is time multiplexed with shared data channel and data-associated signaling channel within the same sub-frame, CQI-based TPC described in the case of data-associated signaling channel can also be applied on data-non-associated signaling channel.

(2-1) ACK/NACK for transmission of downlink shared data channel 
Since the corresponding downlink data channel should be discarded if ACK/NACK are not received correctly, the impact of the decoding error on these bits is very large. On the other hand, since the ACK/NACK bits are transmitted only from the sets of UE to which the downlink shared data channel is assigned, the increase in the control complexity and overhead for CQI-based TPC is not large. Furthermore, for the same reason, the transmission of ACK/NACK bits is not periodic in general for each UE. From these points of view, application of CQI-based TPC on ACK/NACK bits is desirable. Alternative transmission method such as open-loop slow TPC is also considered. However, the transmission power of ACK/NACK bits must be increased taking into account instantaneous fading margin. Thus, the current our recommendation is to apply CQI-based TPC to ACK/NACK bits, although the further study is necessary. Then, in the subsequence, we consider the transmission method of CQI bits for ACK/NACK bits. 
CQI-based TPC on ACK/NACK bit are conducted as follows.
· When downlink shared data channel is assigned, the UE transmits CQI bits measured in the downlink via the uplink in advance for downlink scheduling. In the case, pilot channel, which is associated with CQI bits can be used for CQI measurement in the uplink at a Node B. Further, when uplink shared data channel is transmitted, the pilot channel associated with the shared data channel can be used for CQI measurement in the uplink. The detailed measurement of CQI in the uplink is FFS. 
· TPC command should be transmitted via downlink to the corresponding UE. There are two candidates of TPC command bit for ACK/NACK control signaling bit

(1) Reuse uplink MCS report bit field as the TPC command bit for ACK/NACK

(2) Define new TPC command bit

When new TPC command bit is used, TPC command bit can be transmitted either in downlink control signaling channel or in corresponding downlink data channel.

(2-2) CQI for transmission of downlink shared data channel, and scheduling request for uplink transmission
CQI bits for downlink transmissions and scheduling request for uplink transmission are transmitted all the UEs that request a downlink and/or uplink shared data channel transmission. Accordingly, decoding and detection error of these control signaling bits frequently occur, control signaling overhead in the uplink is increased. Therefore, the open-loop slow TPC and CQI-based TPC are very beneficial to improving the received quality of these control signaling bits, and then, the TPC schemes should be studied.
CQI-based TPC for CQI bits in the downlink and scheduling request are conducted as follows.
· CQI measurement: uplink CQI measurement is conducted at Node-B using pilot channel at the latest transmission for each UE. However, when the interval between the latest pilot transmission timing and the actual transmission timing is long, only the open-loop slow TPC may be used. 
· Transmission method of CQI bits for uplink: similar TPC command as that in ACK/NACK bit can be used. However, when the CQI bits are transmitted periodically, the range of received signal level after CQI-based TPC is suppressed to the small level. In the case, the number of TCP bits is reduced, leading to the reduction of TPC overhead bits.
Finally, Table 2 summarizes the candidates of TPC method and required additional signaling bit for each control signaling information.
Table 2 – Candidate TPC methods and Requirement of Additional TPC Bits for Each Control Signaling Information
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3. Conclusion

This contribution discussed the application of CQI-based TPC on each uplink control signaling channel and impact on the air interface. In order to achieve efficient CQI-based TPC on data-non-associated control signaling channel, additional definition of TPC command is required. Therefore, CQI-based TPC should be discussed in SI duration since it has impact on air interface.
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