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1. Introduction

In this contribution, power control for downlink channels is discussed but the main conclusion of the discussion is that downlink power control does not need to be specified.  For common channels such as the synchronization channel, semi-static power allocation based on desired cell area coverage is used.  For the shared data channel, power control is generally not required due to the use of AMC with H-ARQ but maybe useful for some static interference coordination schemes (where static refers to no inter-cell site communication is needed for coordination) or in general increase cell edge reliability.  Power control is required for the shared control channel since AMC use is limited and the channel must be decoded reliably without the benefit of H-ARQ.  For this purpose, CQI-based power control is a promising scheme since no additional signaling is required
.
2. Common Channel
For shared common channels (e.g. broadcast, synchronization, paging, and reference), semi-static power allocation is used to ensure desired cell area coverage (e.g. 95% cell coverage) based on observed C/I distribution and performance requirements.  Hence, power control is not required.  Naturally, power allocation is controlled individually by each Node B.  In addition, this power allocation may be altered on a semi-static basis to allow for coverage flexibility and performance trade-off within each Node B. 
3. Shared Data Channel
For the shared data channel, transmission is scheduled with H-ARQ present.  In general, adaptive modulation and coding (AMC) provides a more efficient use of the available spectrum than power adaptation.  As a result, AMC should be used in order to maximize data throughput.  This is true even for delay-sensitive traffic types such as VoIP or interactive gaming where the use of H-ARQ may be limited.  In some scenarios, slow power control technique may be applied selectively to provide increased cell edge data rate.  For example, increasing power on a last HARQ transmission. In this case, CQI-based power control may be used with specific implementation left to the discretion of the Node B. 
With the application of interference co-ordination schemes, transmission power may be restricted in certain frequency resource blocks or it may be varied between resource blocks on a TTI basis.  However, it is expected that this functionality will be explicitly handled by the scheduler through its power management scheme and therefore does not need to be specified. 
4. Shared Control Channel
Because the shared control channel must be decoded reliably without the benefit of H-ARQ, link adaptation is crucial to meet control channel performance requirement.  Both power control and adaptive modulation and coding can be used to achieve the performance target.  Since AMC implies additional signaling overhead, only a few modulation and coding rates should be supported for the shared control channel.  As a result, power control is usually needed.  In this case, power control can be performed using CQI information from the UEs [1].  This allows efficient power allocation among different control regions, thus increasing cell area coverage of the shared control channel. To perform CQI-based power control, several factors should be taken into consideration.

· Wideband CQI information should be supported.   In general, frequency selective transmission of control information should not be used due to unpredictable interference to other cells.  Frequency diverse transmission requires only wideband CQI.

· Non-synchronized random access should convey CQI information necessary to determine downlink transmission power of the response.

Currently, several control channel structures are under consideration.

· Joint versus dedicated coding.  For dedicated coding, power control is done individually while for joint coding power control is done to the worst user among those jointly coded.  

· TDM versus FDM control structure.  For TDM control, power is restricted to the control OFDM symbol and power control must be done with respect to other control channels (e.g. uplink/downlink scheduling grants and ACK).  With FDM, a similar trade-off may also be possible, with an additional possibility of power trade-off with data.  However, FDM control involves additional latency and loss of UE power-saving benefits such as micro-sleep. 

5. CQI-Based Power Control
An illustrative timing diagram for CQI-based power control is shown in Figure 1.  As an example, power control may be performed based on the most recent CQI report only.  In this case, the maximum delay between CQI demodulation and application to power control is approximately one reporting period.  Depending on the vehicle speed, this may be longer than the coherence time of the channel.  Thus, CQI-based power control may not be useful if the SCCH sub-frame is too far away from the last CQI report.   On the other hand, CQI-based power control can be very accurate if applied shortly after CQI reception.  
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Figure 1.  Example timing diagram for CQI-based power control.
Figure 2 shows performance of the CQI-based power control with respect to the CQI reporting period.   In this case, power control is performed based on the most recent CQI report and SCCH transmission occurs randomly within the CQI reporting period. For the results reported, CQI demodulation is assumed to be ideal (no errors) and known immediately although in practice a processing delay of at least one sub-frame is to be expected.  Other relevant simulation parameters are shown in Table 2.  In addition, link level performance without power control is also provided in Figure 3.  
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Figure 2.  SCCH CQI-based power control performance.
From Figure 2, it can be seen that performance varies depending on the CQI reporting period and vehicle speed.  In general, to ensure good SCCH performance (less than 0.5dB degradation), power control reporting period should be smaller than 2 ms.  However, adequate SCCH performance (less than 1dB degradation) is observed with CQI reporting period between 5-10 ms.  In addition, power control performs well at low speed and degrades as vehicle speed increases.  It may be observed from Figure 2 - Figure 3 that up to 1-1.5dB gain can be achieved with simple CQI based power control for speeds up to 30 km/h with CQI reporting period of 2ms while there is no gain for speeds beyond 120 km/h.

Naturally, the selection of CQI reporting period must consider uplink overhead with respect to SCCH as well as shared data performance.  For the shared data channel, both frequency-selective and frequency-diverse scheduling may be used.  For services that utilize frequency-selective scheduling, the CQI reporting period should be selected based on the impact to data performance.  In [3]-[4], it was shown that a maximum CQI reporting period of approximately 2.0–3.0 ms is reasonable to maintain frequency-selective scheduling gain.  For frequency-diverse scheduling, however, longer reporting period may be desired to reduce uplink overhead.   In this case, the CQI reporting period should be selected to ensure sufficient SCCH performance.  From Figure 2, a reporting period of 5-10 ms is seen as adequate.  These reporting period recommendations are captured in Table 1.  Note that although only periodic CQI feedback is investigated in this contribution, a similar conclusion may also apply to trigger-based CQI reporting.
Table 1.  Maximum CQI reporting period.

	Scheduling Mode
	Maximum CQI Reporting Period

	Frequency Selective
	2.0 – 3.0 ms

	Frequency Diverse
	5.0 – 10.0 ms


In general, it is expected that CQI information will be used to power control the shared control.  However, implementation details should be left at the discretion of individual Node B.  As a result, explicit CQI-based power control method should not be specified.  
6. Conclusion
In this contribution, downlink power control is discussed.  For common channels, semi-static power allocation is used.  For shared data channel, power control is generally not required due to the use of adaptive modulation and coding but can be useful for some static interference coordination schemes or to in general improve cell edge performance.  On the other hand, power control is required for the shared control channel (both joint and dedicated coding) since AMC use is limited and the channel must be decoded reliably without the benefit of H-ARQ. For services that utilize frequency-selective scheduling, a maximum reporting period of 2.0-3.0 ms is seen as appropriate.  For services that utilize frequency-diverse scheduling, a maximum reporting period of around 5.0-10.0 ms may be sufficient.  In addition, it is proposed that power control procedure is left under control of the Node B and not explicitly specified.
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Table 2.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	0.5 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Resource Block BW
	375 kHz (25 sub-carriers)

	No of Resource Blocks
	12

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3, 30, 120, 350 km/h)

	Channel estimator
	Non-Ideal with interpolation between previous and subsequent sub-frames

	Modulation
	QPSK

	Turbo Code Rate
	R=1/3

	# of TX antennas
	2 (with cyclic shift diversity)

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=9, Tail-biting

	SCCH size
	40 bits
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Figure 3.  Performance of the SCCH without power control – QPSK, convolutional coding R=1/3, N=40 bits, TU channel, non-ideal channel estimation.




























































































































































































































































� It is assumed that after power allocation has been determined for a given TTI the power per data subcarrier will be the same for any given resource block.





