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Introduction

This contribution presents some suggested methods of doing fast power control for E-DCH which uses adaptive modulation and coding.  The uplink information rate can change from sub-frame to sub-frame for E-DCH.  The uplink DPCCH and DPDCH(s) are transmitted on different codes.  The gain factors c and d may vary for each TFC. There are two ways of controlling the gain factors of the DPCCH code and the DPDCH codes for different TFCs in normal (non-compressed) frames:
c and d are signaled for the TFC, or
c and d is computed for the TFC, based on the signaled settings for a reference TFC.

Combinations of the two above methods may be used to associate c and d values to all TFCs in the TFCS.  Several reference TFCs may be signaled from higher layers.  The gain factors may vary on radio frame basis depending on the current TFC used. Further, the setting of gain factors is independent of the inner loop power control.  After applying the gain factors, the UE shall scale the total transmit power of the DPCCH and DPDCH(s), such that the DPCCH output power follows the changes required by the power control procedure with power adjustments of DPCCH dB. 

For the higher data rates it is desirable to improve channel estimation performance by allowing a higher DPCCH power. However for rel-99/Rel-5, the DPCCH power is independent of the data rate, and must be chosen as a compromise which may be too high for the lower rates and too low for the higher rates (or worse optimised for the higher rates and creating excessive interference when there is no data to transmit).  .  Further, the maximum data rate in Rel-99/Rel-5 is limited to 384 kbps.  However, for enhanced uplink there will be a larger variance in rates within the TFCS with peak data rates of up to 2Mbps In view of the above, two simple methods for power control are proposed in this contribution for effectively power controlling the enhanced uplink so that the uplink performance is maximized while interference is minimized.
Methods for power controlling the Enhanced Uplink:

Method-1

In this method a new DPCCH slot format (#6) is proposed comprised of seven pilot bits, two TFCI bits and one PC bit as shown in Table-1.

Two overlapping sets of pilot bits (Npilot1 and Npilot2) are used in this method.  One set is used for doing the power control and the other set, which is superset of first set, is used for the channel estimation.  The ’s for the pilot bits used for power control is set to a fixed value and does not change with respect to rates.  The  values for the additional pilot bits used for channel estimation is a function of the rate selected.  The additional pilot bits for enhanced channel estimation are buffered until the TFRI is detected at the end of the sub-frame.  The additional pilot bits can be DTX’ed when not needed (e.g. when lower data rate is selected).

Table 1. Slot Format for Uplink DPCCH

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot1
	Npilot2
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	0
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	0
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	0
	2
	4
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	0
	2
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	0
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	0
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	0
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	0
	2
	0
	1
	8-15

	4
	15
	15
	256
	150
	10
	6
	0
	2
	0
	2
	8-15

	5
	15
	15
	256
	150
	10
	5
	0
	1
	2
	2
	15

	5A
	15
	15
	256
	150
	10
	4
	0
	1
	3
	2
	10-14

	5B
	15
	15
	256
	150
	10
	3
	0
	1
	4
	2
	8-9

	6
	15
	15
	256
	150
	10
	4
	3
	1
	2
	0
	15


Method-2

This method does not require changes to the uplink slot format but require changes to the Node-B power control loop.  In this method, the power control metric computed using the pilot bits is compared to say three inner loop thresholds where each inner loop threshold corresponds to a set of data rates within the TFCS.  The up/down power control decision commands corresponding to these three thresholds are then sent on the downlink DPCCH using a QPSK symbol, for example see table 2.

Table 2. Power control commands with multiple inner loop thresholds 

	Power control metric SIRmeasured
	Power control commands

	Thresholdinner_loop_3 <SIRmeasured 
	00

	Thresholdinner_loop_2<SIRmeasured ≤Thresholdouter_loop_3
	01

	Thresholdinner_loop_1<SIRmeasured ≤Thresholdouter_loop_2
	11

	SIRmeasured ≤Thresholdinner_loop_1
	10


The inner loop adjustments determined by the outer loop power control algorithm are then applied to all inner loop set points every 10 ms frame.

Since the UE knows which rate it transmitted, it will choose the right power control command corresponding to the received power control signal received on the downlink.

Conclusions

Two efficient power control methods are suggested in this contribution.  The first method requires addition of an extra DPCCH slot format while the second method does require changes to the power control operation at Node-B.
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