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1. Introduction

In terms of the uplink intra-cell transmission power control (TPC), the TPC for the scheduled data channel using uplink scheduling grants was adopted during the RAN1 #48bis meeting in Malta. However, the TPC scheme for non-scheduled data such as VoIP and the physical uplink control channel (PUCCH), where the uplink scheduling grant is not transmitted, has not yet been determined. 
This contribution presents an intra-cell TPC scheme that can support all the uplink physical channels including the non-scheduled data channel in the E-UTRA uplink.
2. Proposed Intra-cell TPC Scheme
2.1. TPC Scheme Using Combination of Uplink Scheduling Grant and TPC Bit
Figure 1 shows the proposed TPC scheme. As shown in the figure, when the uplink scheduling grant is transmitted, i.e., the UE has traffic data to be transmitted in the scheduled mode, the uplink scheduling grant is used for uplink TPC as well. In addition to the uplink scheduling grant, an independent TPC bit is used in our TPC scheme. As shown in Fig. 1, when there is no uplink data transmitted during a relatively long interval while maintaining the uplink time alignment, CQI report bits or a sounding reference signal (SRS) is transmitted to measure the uplink CQI. Then, based on the measured received signal-to-interference plus noise power ratio (SINR), the TPC bits are generated and transmitted in the downlink.
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Figure 1 – Proposed TPC scheme using the combination of uplink scheduling grant and TPC bit

2.2. Node B Implementation of Fractional TPC Algorithm
The fractional TPC method, which adjusts the SINR target according to the path loss, has been suggested to mitigate the inter-cell interference for the uplink data transmission [1-3]. Regarding the implementation method for the fractional TPC, UE implementation and Node B implementation are discussed in [4]. In comparison to the UE implementation, the Node B implementation can flexibly control the transmission power of a UE that causes a high-level of interference to the other cells. This feature is also effective for the Node B to utilize the overload indicator (OI) sent from another Node B through the backhaul. Therefore, we prefer to adopt the Node B implementation of the fractional TPC.
2.3. Detailed Description of Proposed Intra-cell TPC Scheme
Since we prefer to use the Node B implementation of the fractional TPC, the formula implemented in each UE to decide the transmission power is represented as

P = min{ Pmax, 10 log(M) + P0 + ΔP0 + PL + ΔUE },

(1)
where M is the number of assigned resource units (RUs), P0 is the cell specific parameter that includes the SINR target, interference level, etc., P0 is offset of the SINR target for achieving the fractional TPC, PL is the downlink path loss, and UE is the UE specific closed loop power correction, respectively. As mentioned in Section 2.1, UE is controlled by using the combination of the uplink scheduling grant and the TPC bit. Therefore, the TPC operation is maintained even if the uplink scheduling grant is not sent for a long time. Meanwhile, as mentioned in Section 2.2, the Node B controls P0 based on the measurement report (e.g., path loss, path loss difference, etc.) and OI to achieve the fractional (inter-cell) TPC. Furthermore, P0 is set differently depending on the type of physical channel as summarized in Table 1.
Table 1 – P0 for each uplink physical channel
	Uplink physical channel
	Type
	Signaling channel

	PUSCH
	Dynamically scheduled
	UE specific
	UL scheduling grant

(detail information such as step size can be separately signaled)

	
	Persistently scheduled
	UE specific
	(Initial) UL scheduling grant

	PUCCH
	Cell / format specific
	D-BCH

	SRS
	Cell specific
	D-BCH


3. TPC Bit Transmission Method

We propose the following transmission method for the TPC bits. 

· Multiplexing into CCE of L1/L2 control signals
TPC bits are multiplexed into the control channel element (CCE) of the L1/L2 control channels. In this case, a separate channel coding scheme employing the other L1/L2 control signals is used since TPC bits are transmitted independently of the timing of the other control signals.

· TPC bit transmission without UE ID

To achieve a low signaling overhead, TPC bits are transmitted without the UE ID. Thus, the TPC bits are transmitted from the pre-determined downlink sub-frame, which is related to either of the following timings: downlink sub-frame timing in which the latest uplink scheduling grant was transmitted or the uplink sub-frame timing in which a CQI report or SRS was transmitted.

The radio resources such as the sub-carrier or code can be known to the UE from the relationship with the following two options: downlink radio resources used for the latest uplink scheduling grant or the uplink radio resources used for the CQI report or transmitted SRS.  

· Periodic transmission with adaptive transmission interval control

The TPC bits are transmitted periodically so that no associated control signal is necessary. However, the transmission interval of the TPC bits is assigned by a high layer control signal. Once the transmission interval is set, the TPC bits are transmitted periodically based on that interval until the transmission interval is updated.
· TPC bit format
The TPC bit format is FFS, i.e., binary bit or multiple-level bits.  

4. Conclusion
This contribution presented the overall intra-cell TPC scheme that can support all the uplink physical channels including the non-scheduled data in the E-UTRA uplink. The following is a summary of the contribution.
· A periodic TPC bit should be used together with the uplink scheduling grant in order to guarantee the minimum TPC accuracy even when the uplink scheduling grant is not transmitted.
· We prefer to adopt the Node B implementation of the fractional TPC algorithm since the flexible inter-cell TPC should be able to control individually the transmission power of a UE that is causing a high-level of interference to the other cells.
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