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1.0 Introduction

It was established in [1]-[3] that if the same power control commands are applied to DPDCH/DPCCH and HS-DPCCH, and if the or-of-downs rule is applied in soft-handoff, the power on the HS-DPCCH carrying the Ack/Nack and CQI information will not be able to meet the target error probabilities [P(Ack->Nack), P(Nack->Ack) & P(DTX->Ack)]. To mitigate the above problem the UE has the provision to repeat the transmission of the ACK/NACK information over N consecutive HS-DPCCH
 sub-frames, in the slots allocated to the HARQ-ACK. However, the repetition scheme was shown to hit an error floor in [1].  In this contribution, an elegant power control scheme is presented where the HS-DPCCH is independently power controlled without affecting the performance of the DPDCH.  In Section 2.0, a brief summary of the various power control schemes for HS-DPCCH is presented.  Section 3.0 presents the simulation results for the proposed scheme followed by conclusions and recommendations in Section 4.    

2.0 Summary of HS-DPCCH Power Control during Soft-Handoff

During soft-handoff the UE receives TPC commands from the Node-B’s in the active set.  Several cases are considered on how the DPCCH-HS needs to be power controlled:

Case 1: Normal voting:  The DPDCH, DPCCH and DPCCH-HS are power controlled based on power control bits from Node-B’s in the active set as per the Table 1.  In this scenario, the HS-DPCCH is controlled from all the Node-B’s in the active set.  This scheme suffers from the drawback, that when the serving Node B does not have the best uplink, the HS-DPCCH will be received with low reliability at the serving Node B.  To overcome this problem, the Ack/Nack messages should be transmitted at a much higher power (e.g. 15dB) compared to the no soft-handoff case.     

Table 1. Or-of-downs rule

	Node-B1 PC bit
	Node-B2 PC bit
	PC applied on uplink DPDCH, DPCCH and DPCCH-HS

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


Case 2: Dual-stream power control: In this scheme the HS-DPCCH is only power controlled from the serving Node-B while the DPDCH and the DPCCH is power controlled from all of the Node-B’s in the active set.  This scheme requires two independent power control streams.  This requires one additional power control bit to maintain 1500Hz power control rate.  Alternatively, if the current 3GPP slot structure is to be maintained the power control rate can be reduced to 750 Hz during soft-handoff.

Case 3: Rev command and Timer:  This was suggested by Philips in [4] and [5]. It was shown that the use of “REV” command to correct a misinterpreted Nack, and a timer to avoid using DTX in the Ack/Nack field during packet clusters, can reduce the transmit power required for uplink HS-DPCCH significantly for both the non soft-handoff and soft-handoff cases.  The UE transmits the “REV” command if it receives the transmission of a new packet when it was expecting a retransmission of the previous packet after transmitting a Nack.   To avoid DTX in the Ack/Nack field, the UE starts a timer (duration to be set by Node-B) during which UE does not use DTX in the Ack/Nack field.

Case 4: Independent Power Control of HS-DPCCH with pilot insertion in the HS-DPCCH field

This was proposed in [1]-[2].  The in band insertion of special pilot bits into the HS-DPCCH is done only when the UE is in soft handoff state since the pre-existing UL-DPCCH pilot bits doesn’t do a good job in terms of power control and channel estimation, in so far as HS-DPCCH decoding is concerned.  The HS-DPCCH now comprise of Ack/Nack fiel d transmitted in slot#1, CQI field transmitted over the next one and a half slot and the pilot bits inserted in the last half of the third slot as shown in Figure 1.  The power control operation for this scheme was described in [1] and is repeated here for sake of clarity.

· HS-pilot field is transmitted on HS-DPCCH every sub-frame. Transmission power of the HS-DPCCH is controlled exclusively by the HS-TPC command from the HS-DSCH serving cell.

· HS-DSCH serving cell calculates the HS-TPC command for the HS-DPCCH utilizing the HS-pilot. HS-TPC command is time-multiplexed with the TPC command meant for the UL DPCCH: HS-TPC command is transmitted in the TPC field of every third downlink slot while the other two downlink slots carry the TPC command meant for the UL DPCCH. Hence, power control rate of HS-DPCCH is 500 Hz.
Transmission power of the UL DPCCH is controlled in the same way as in Release 99 uplink power control only with the exception that HS-TPC command from the HS-DSCH serving cell is neglected in power control operation of UL DPCCH every third slot. It is noted that in soft handover, the TPC commands from active cells other than the HS-DSCH serving cell are still used for power control of UL DPCCH even in the slot HS-TPC command is received from the HS-DSCH serving cell.
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Figure 1. HS-DPCCH slot structure with pilot insertion.

This scheme suffers from the disadvantage that the HS-DPCCH power control rate is reduced to 500 Hz and the performance of DPDCH is degraded due to stolen TPC command.

Case 5: Independent Power Control of HS-DPCCH with pilot insertion in the HS-DPCCH field using one power control bit stream at 1500Hz rate

This scheme uses the existing TPC bits on the DPCCH but these bits are redefined at the HS-DSCH serving cell, and the interpretation of these same power control bits at the UE, so that the HS-DPCCH channel can be independently power controlled without disturbing the power control operation of the DPDCH and the DPCCH.  In this scheme the 5 pilot bits are distributed between slots 2 and 3 as shown in Figure 2.
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Figure 2. Modified slot structure for HS-DPCCH

When the UE is in soft-handoff, the following set of rules are applied:

At the Node-B:

1. For Node-B other than the serving Node-B for the HS-DSCH, power control is based on the SIR of the uplink DPCCH pilot.  The power control command is “up” if the pilot SIR is below the target, and “down” otherwise.

2. For the serving Node-B for the HS-DSCH, power control is based on the SIR of the uplink HS-DPCCH pilot.  The power control command is “up” if the pilot SIR is below the target, and “down” otherwise. The 1st slot utilizes the pilot of the 3rd slot of the last frame.

At the UE:

1. Power control for the HS-DPCCH is based solely on the power control bit received from the serving Node-B.

2. Power control for the DPCCH and the corresponding DPDCH 
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 is based on the “or-of-downs” rule, as before, but the power control command for the serving Node-B for the HS-DSCH must be redefined for the DPCCH and the corresponding DPDCH.  Let pc denote the power control command received from the HS-DSCH serving Node-B, and let  denote the gain of the DPCCH to HS-DPCCH in the absence of soft-handoff i.e. 
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3. Let pcf denote the power control command for the DPCCH from the HS-DSCH serving Node-B, which is defined as follows:
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This new pcf command is then combined with the power control commands from the other Node-B’s in the “or-of-downs” calculation used to determine whether the DPCCH and the corresponding DPDCH power should be increased or decreased. 

The flow chart for the algorithm from Node-B’s and UE’s side is shown in Figure 3 and Figure 4 respectively.
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Figure 3.  Flow chart for Case-5 from Node-B Side
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Figure 4. Flow chart for Case-5 from UE's side

3.0 Simulation Results

A chip level uplink simulator was used to study the performance of HS-DPCCH for Case-1 and Case-5 respectively. The DPCCH to HS-DPCCH ratio for the all the cases was set to 0dB and the DPCCH/DPDCH ratio was set to –4dB.  Figure 5 to Figure 7 shows the Ack/Nack/DTX requirement for AWGN and flat fading channel for the 1-way case, which is used as a reference.  Table 2 compares the result, with the contribution by Lucent [2]. Figure 8 and Figure 9 shows the Ack/Nack power requirement when the two cells are in soft-handoff (0dB and 3dB imbalance) for flat fading channel at 3 kmph.  It may be observed from the figures that the Ack requirement under soft-handoff are considerably higher (>18dB) with the current structure.

[image: image9.wmf]
Figure 5. HS- DPCCH ACK/NACK Eb/No requirements for AWGN channel.
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Figure 6. HS- DPCCH ACK/NACK Eb/No requirements for flat fading (3 km/h) channel.
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Figure 7. HS-DPCCH ACK/NACK Eb/No requirements for flat fading (100 km/h) channel.

Table 2. Comparison of ACK/NACK Eb/No requirements

	Speed (km/h)
	Lucent (R1-02-0420)
	Motorola

	
	NACK Eb/No (dB)
	ACK Eb/No

(dB)
	NACK Eb/No (dB)
	ACK Eb/No

(dB)

	0
	-3.01
	7.57
	-3.00
	7.60

	3
	NA
	NA
	-0.50
	8.50

	100
	0.26
	12.89
	-0.10
	15.00


[image: image12.wmf]
Figure 8. HS- DPCCH ACK/NACK Eb/No requirements (2-Way SHO, Equal Power) at 3 kmphh.

[image: image13.wmf]
Figure 9. HS- DPCCH ACK/NACK Eb/No requirements (2-Way SHO, 3dB Imbalance) at 3kmph.

Figure 10 shows the Ack requirement under flat fading channel at 3kmph under SHO when the HS-DPCCH (non-SHO link with pilot bits inserted) and DPCCH (SHO link) is independently power controlled using one power control bit stream at 1500Hz rate as per the algorithm described in the last section (Case-5).  It may be observed from the figure that the Eb/No required to achieve P(Ack <1e-02) is approximately 9dB which is similar to the 1-way case.  This is achieved by maintaining the HS-DPCCH/DPCCH ratio equal to 0dB for both 1-way and 2-way cases.`
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Figure 10. HS- DPCCH ACK/NACK Eb/No requirements (2-Way SHO, 0dB Imbalance) at 3kmph with the new algorithm (Case-5)
4.0 Conclusions

It was shown that the HS-DPCCH (non soft-handoff link) and the corresponding DPCCH/DPDCH (soft-handoff link) can be independently power controlled using one power control bit stream transmitted at 1500 Hz, without compromising the Ack/Nack, CQI and the DPDCH performance/requirements under SHO and non-SHO conditions while maintaining the same HS-DPCCH/DPCCH ratio (e.g. 0dB).  As such, it is recommended to adopt the scheme (Case-5) for power controlling the HS-DPCCH and the associated DPCCH/DPDCH for Release-5.
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