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1. Introduction

It has been pointed out in [1][2] that there are problems on fixed power offset for HS-DPCCH with respect to the UL DPCCH in soft handover region. Although repetition is introduced as a solution of the problems, still some concerns are left [3]. Therefore, some other proposals were discussed in recent RAN1 meetings. At the last meeting, we showed three possible enhancements on power control of HS-DPCCH [7]. In this contribution, we explain one of the enhancements in further detail and show some simulation results to compare it with the other proposals.   

2.  Modifications of TPC procedure

    As modifications of uplink TPC procedure, following alternatives were discussed in [4]-[7]. 

2.1 Separate power control of HS-DPCCH (Separate TPC)

In this scheme, additional pilot bits (HS-pilot) are inserted in HS-DPCCH to improve channel estimation. In addition, TPC commands for HS-DPCCH (HS-TPC) are generated at HS-PDSCH serving cell and are transmitted in every 3 slots by stealing normal TPC commands. However, following drawbacks on this proposal were already addressed [6].

·  Coding gain is reduced for the CQI because some bits are used as HS-pilot bits.

·  Complexity of both Node B and UE is increased due to two closed loop controls.  

· HS-pilot bits are always transmitted during soft handover even if there is no ACK/NACK bit. This results in unnecessary increase of UE transmit power, which reduces UE battery life and increases uplink interference. 

2.2 Increased SIR target at Node B (Increased target)

    In this scheme, UE increases the DPCCH/DPDCH power ratio and Node-B increases the SIR target during soft handover. This results in a stronger DPCCH, while keeping the DPDCH power untouched. In the complexity point of view, this scheme might be simpler than “Separate TPC”, however, following drawbacks are considered. 

· Target SIR has to be a higher value continuously during soft handover because non-serving cells have no way to know the timing of packet transmission. This might cause unnecessary increase of transmit power during non-packet transmission period.

2.3 Modified TPC operation in UE (Modified TPC)
As shown in Figure 1, UE uses TPC commands only from HS-PDSCH serving cell when HS-PDSCH packets are transmitted. Since HS-DPCCH has a fixed power offset to UL DPCCH and UE transmit power is controlled so that the received quality of UL DPCCH is maintained to achieve required quality, it is possible to maintain the required quality of HS-DPCCH. Moreover, in this scheme, pilot bits in UL DPCCH are transmitted with required quality, which causes improvement of channel estimation at HS-PDSCH serving cell. On the other hands, normal TPC operation is applied when HS-PDSCH packets are not transmitted.  This makes it possible to avoid unnecessary transmit power increase in UE. Since only the method of TPC command combining is modified in UE, the modification is simple and additional higher layer signaling is not required.
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Figure 1     Modification of TPC operation depending on packet transmission activity

3. Performance Evaluation  

   To evaluate the above three alternatives, system level simulation is performed with the assumptions described in Appendix A.

3.1 Received quality of HS-DPCCH at serving cell

Figure 2 shows the distribution on received SIR of HS-DPCCH at HS-PDSCH serving cell. Average target SIR in this condition is about 3 dB. In conventional SHO case with fixed DPCCH/ HS-DPCCH power offset, received SIR sometimes become much lower than target value because of “OR of DOWNs” rule. Even in “separate TPC” with one HS-TPC in every three slots, there is still some possibility that received SIR becomes much lower than that of “Modified TPC”. This is because HS-DPCCH power is controlled once in three slots in “separate TPC”, while it is controlled in every slot in “Modified TPC”.


[image: image2.wmf]-20

-10

0

10

1E-5

1E-4

1E-3

0.01

0.1

1

Target SIR = 3dB

Probability

Received SIR at HS-DSCH serving cell [dB]

 Conventional TPC

 Separate TPC

 Modified TPC


Figure 2    Probability distribution of received SIR at HS-DSCH serving cell

Figure 3 shows ACK/NACK reception error rate which is derived from received SIR probability distribution in Figure2 and ACK/NACK reception error probability described in Appendix B. This result shows that, with “Increased target”, target SIR needs to be increased by about 10 dB to achieve equivalent reception error rate with that of “Separate TPC” or “Modified TPC”.
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Figure 3    ACK/NACK reception error rate

3.2 Received quality of DPDCH after diversity combining at RNC

Figure 4 shows cumulative probability function of received SIR at RNC after diversity combining between active set cells. Even in “Modified TPC”, DPDCH is combined between all active set cells. Therefore received SIR with “Modified TPC” does not become lower than that of conventional TPC. This means there would be no degradation of DPDCH with “Modified TPC”.
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Figure 4 Received SIR distribution at RNC (After combining between active cells)

3.3 UE transmit power 

As someone is concerned, UE transmit power might be increased with “Modified TPC” compared with conventional TPC. This concern might be related with the following issues.

i) Increase of uplink interference

ii) Increase of the possibility that UE transmit power reaches the maximum power

 3.3.1 Uplink interference

With “Modified TPC”, uplink interference is increased during transmission of HS-DSCH packet in soft handover. However, the increase is not so large if packet transmission activity is not high. The relationship between packet transmission activity and received SIR at RNC, which is proportional to uplink interference for other links, is shown in figure 5. Figure 5 shows that the increase of interference with “Modified TPC” is less than 0.4 dB up to packet transmission activity of 50 %, which is an extreme case where 50 UE out of 100 UE is receiving HS-DSCH packets.
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Figure 5    UL interference increase

3.3.2 Suppression of DPDCH power

With regard to ii), following procedure reduces the possibility that quality of DPCCH is degraded. As indicated in figure 6, when the transmit power reaches the maximum transmit power, UE decreases the transmit power of DPDCH, i.e. UE decreases the ratio of DPDCH/DPCCH. UE may suppress the power of DPDCH only when it is receiving HS-PDSCH packets. This modification leads to the following impacts to the quality of DPDCH and DPCCH:

· When the ratio of DPDCH/DPCCH is maintained, quality of DPDCH does not become worse with the modified TPC than with the conventional TPC. This is because uplink power is not reduced with the modified TPC.

· When the ratio of DPDCH/DPCCH is reduced:

· If the decrease of DPDCH is smaller than the increase of DPCCH due to the modified TPC, quality of DPDCH does not become worse. This is because the quality of DPDCH is better than the required at a non-serving cell.

· Otherwise, quality of DPDCH becomes worse at the cost of the improved quality of DPCCH at HS-PDSCH serving cell.

It should be noted that this suppression of DPDCH power happens only in the edge of cells, and it never reduces the coverage because UE transmit power and the gain of soft handover are fully utilized.

It should be also noted that this suppression is likely to happen only when the DPDCH is active and the power ratio of DPDCH to DPCCH is high. Both conditions are not very likely in HSDPA.
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Figure 6   Suppression of DPDCH power

4. Conclusion

In this contribution, we showed evaluation results to compare performance of “Separate TPC”, “increased target” and “Modified TPC”. As the results, following aspects are indicated, 

· With “Modified TPC”, it is possible to keep ACK/NACK reception error rate at a required value. 

· The performance of “Separate TPC” and “Modified TPC” are similar, but complexity of “Modified TPC” is smaller than “Separate TPC”.

· Complexity of “Increased target” and “Modified TPC” are similar, but, from the viewpoint of interference and UE battery life, impact of “Modified TPC” is smaller than “Increased target”. 

Therefore, we propose to employ “Modified TPC”. 

Also, we propose to introduce the suppression of DPDCH as an improvement of “Modified TPC” if RAN1 considers that the quality of HS-DPCCH and DPCCH is more important than that of DPDCH.

Corresponding text proposal is attached below. 

------Text proposal------

---TS25.214 v5.0.0 ---------------------------------------------------------

5
Power control

5.1
Uplink power control
5.1.2
DPCCH/DPDCH/HS-DPCCH
5.1.2.1
General

The initial uplink DPCCH transmit power is set by higher layers. Subsequently the uplink transmit power control procedure simultaneously controls the power of a DPCCH, its corresponding DPDCHs (if present) and HS-DPCCH (if present). The relative transmit power offset between DPCCH and DPDCHs is determined by the network and is computed according to subclause 5.1.2.5 using the gain factors signalled to the UE using higher layer signalling. The relative transmit power offset between DPCCH and HS-DPCCH for each HS-DPCCH slot is set by higher layers as described in sub clause 5.1.2.6.
The operation of the inner power control loop, described in sub clause 5.1.2.2, adjusts the power of the DPCCH and DPDCHs by the same amount, provided there are no changes in gain factors. Additional adjustments to the power of the DPCCH associated with the use of compressed mode are described in sub clause 5.1.2.3.

Any change in the uplink DPCCH transmit power shall take place immediately before the start of the pilot field on the DPCCH. The change in DPCCH power with respect to its previous value is derived by the UE and is denoted by DPCCH (in dB). The previous value of DPCCH power shall be that used in the previous slot, except in the event of an interruption in transmission due to the use of compressed mode, when the previous value shall be that used in the last slot before the transmission gap.

During the operation of the uplink power control procedure the UE transmit power shall not exceed a maximum allowed value which is the lower out of the maximum output power of the terminal power class and a value which may be set by higher layer signalling.

Uplink power control shall be performed while the UE transmit power is below the maximum allowed output power.

The provisions for power control at the maximum allowed value and below the required minimum output power (as defined in [7]) are described in sub-clause 5.1.2.6.
5.1.2.2
Ordinary transmit power control

5.1.2.2.1
General

The uplink inner-loop power control adjusts the UE transmit power in order to keep the received uplink signal‑to‑interference ratio (SIR) at a given SIR target, SIRtarget.
The serving cells (cells in the active set) should estimate signal-to-interference ratio SIRest of the received uplink DPCH. The serving cells should then generate TPC commands and transmit the commands once per slot according to the following rule: if SIRest > SIRtarget then the TPC command to transmit is "0", while if SIRest < SIRtarget then the TPC command to transmit is "1".
Upon reception of one or more TPC commands in a slot, the UE shall derive a single TPC command, TPC_cmd, for each slot, combining multiple TPC commands if more than one is received in a slot. This is also valid when SSDT transmission is used in the downlink. Two algorithms shall be supported by the UE for deriving a TPC_cmd. Which of these two algorithms is used is determined by a UE-specific higher-layer parameter, "PowerControlAlgorithm", and is under the control of the UTRAN. If "PowerControlAlgorithm" indicates "algorithm1", then the layer 1 parameter PCA shall take the value 1 and if "PowerControlAlgorithm" indicates "algorithm2" then PCA shall take the value 2.

If PCA has the value 1, Algorithm 1, described in subclause 5.1.2.2.2, shall be used for processing TPC commands.

If PCA has the value 2, Algorithm 2, described in subclause 5.1.2.2.3, shall be used for processing TPC commands.
The step size TPC is a layer 1 parameter which is derived from the UE-specific higher-layer parameter "TPC-StepSize" which is under the control of the UTRAN. If "TPC-StepSize" has the value "dB1", then the layer 1 parameter TPC shall take the value 1 dB and if "TPC-StepSize" has the value "dB2", then TPC shall take the value 2 dB. The parameter "TPC-StepSize" only applies to Algorithm 1 as stated in [5]. For Algorithm 2 TPC shall always take the value 1 dB.

After deriving of the combined TPC command TPC_cmd using one of the two supported algorithms, the UE shall adjust the transmit power of the uplink DPCCH with a step of DPCCH (in dB) which is given by:

DPCCH =  TPC ( TPC_cmd.
When the UE is receiving HS-PDSCH in soft handover, the UE shall derive TPC_cmd using the TPC commands only from HS-PDSCH serving cell as described in sub-clause 5.1.2.7.

----------

5.1.2.6
Setting of the uplink DPCCH/HS-DPCCH power difference

When an HS-DPCCH is active, the relative power offset HS-DPCCH between the DPCCH and the HS-DPCCH for each HS-DPCCH slot shall be set as follows.

For HS-DPCCH slots carrying HARQ Acknowledgement :

HS-DPCCH = ACK if the corresponding HARQ Acknowledgement is equal to 1

HS-DPCCH = NACK if the corresponding HARQ Acknowledgement is equal to 0

For HS-DPCCH slots carrying CQI :

HS-DPCCH = CQI 

The values for ACK, NACK and CQI are set by higher layers.

The setting of the power difference between DPCCH and HS-DPCCH is independent of the inner loop power control.

When the HS-DPCCH and the DPCCH are not slot aligned, the reference DPCCH power shall be the one used in the DPCCH slot being transmitted at the beginning i.e. slot boundary of the HS-DPCCH slot.
5.1.2.7   Derivation of combined TPC commands on the reception of an HS-PDSCH
This sub-clause describes the derivation of combined TPC command during soft handover when an HS-DPCCH is activated. 

When the UE detects control information for the UE in HS-SCCH, the UE shall start modified derivation of combined TPC commands. In the modified derivation, combined TPC commands are derived only from the TPC commands from HS-PDSCH serving cell and the commands from the same radio link set with HS-PDSCH serving cell. When the UE completes transmission of the last HARQ Acknowledgement, the UE shall stop the modified derivation, and resume the normal derivation of combined TPC commands.
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Figure 2      Timing relations on switching the TPC commands combination schemes
(a) The case when 2 packets are transmitted successively. 
(b) The case when repetition number is two.
5.1.2.8
Maximum and minimum power limits

In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall apply additional scaling to the total transmit power so that it is equal to the maximum allowed power. This additional scaling shall be such that the power ratio between DPCCH and DPDCH and also DPCCH and HS-DPCCH remains as required by sub-clause 5.1.2.5 and 5.1.2.6. However, when the UE is receiving HS-PDSCH and is in soft handover, the power ratio of DPDCH to DPCCH shall be decreased temporally so that the total UE transmit power would be equal to the maximum allowed value before the additional scaling is applied. When transmitting on a DPCH the UE is not required to be capable of reducing its total transmit power below the minimum level required in [7]. However, it may do so, provided that the power ratio between DPCCH and DPDCH and also between DPCCH and HS-DPCCH remains as specified in sub clause 5.1.2.5 and 5.1.2.6. Some further regulations also apply as follows: In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would be at or below the total transmit power in the previously transmitted slot and also at or below the required minimum power specified in [7], the UE may apply additional scaling to the total transmit power, subject to the following restrictions:

-
The total transmit power after applying any additional scaling shall not exceed the required minimum power, nor the total transmit power in the previously transmitted slot;

-
The magnitude of any reduction in total transmit power between slots after applying any additional scaling shall not exceed the magnitude of the calculated power reduction before the additional scaling.

In the case that the total UE transmit power in the previously transmitted slot is at or below the required minimum power specfied in [7] and the DPCCH power adjustment and gain factors for the current slot would result in an increase in total power, then no additional scaling shall be used (i.e. power control shall operate as normal).

If the UE applies any additional scaling to the total transmit power as described above, this scaling shall be included in the computation of any DPCCH power adjustments to be applied in the next transmitted slot.
Appendix 

A. Simulation assumptions

	Cell deployment
	19 cells (3 sector cell)

	Cell radius
	1.73 km

	Path loss exponent 
	3.76

	Standard deviation of shadow fading 
	8 dB 

	Inner-loop TPC
	On

	Outer-loop power control
	On

	TPC step size
	1dB

	TPC command error rate
	No error

	Active set size
	2

	Average path loss difference
	2.2 dB

	Propagation Channel
	Two paths in equivalent level with fading variation corresponding to UE velocity of 4km/h.   

	Antenna configuration
	Single antenna

	HS-DPCCH SF
	256


B. Calculation of ACK/NACK reception error rate

   ACK/NACK reception error rate is calculated by using received SIR probability distribution and error rate probability shown in following figures. The error rate probability is derived by means of simulation with AWGN environment. 10 bits of ACK/NACK bit are transmitted and combined by soft decision. Parameters are set so that error rate probability becomes 10e-5 with 3 dB of received SIR which is average target SIR in the simulations in this contribution. ACK/NACK error rate for each scheme is calculated by integrating the probability of received SIR multiplied by corresponding error rate probability.      
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Figure B1    “Separate TPC” and “Modified TPC”  
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Figure B2  Conventional TPC and “increased target”
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