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1. Introduction

HS-DPCCH operation in SHO has been discussed in the past RAN1 meetings, and was discussed on RAN1 e-mail reflector as well after the last RAN1 meeting (RAN1#28). In this contribution, we show further simulation results for optimization of Modified TPC operation (M-TPC) in response to a question in the e-mail discussion. Also, features of M-TPC are summarized from the viewpoint of benefits and complexity.
2. Modified TPC operation

In Modified TPC operation (M-TPC), UE follows only the TPC bits transmitted from the HSDPA serving cell during packet reception period, while UE follows all TPC bits from the active set cell during non-packet reception period. Here, “packet reception period” starts when the UE decides to receive the following HS-PDSCH data by detecting control information on HS-SCCH. And it continues until the UE completes transmission of ACK/NACK corresponding to the HS-PDSCH data. The exact definition of the packet reception period is discussed in the next section. 

In M-TPC, the UE transmission power is controlled so that DPCCH SIR becomes close to the target SIR at the serving cell. This makes it possible to improve HS-DPCCH SIR at the serving cell as well. Moreover, channel estimation performed with the pilot bits in DPCCH is also improved thanks to the increase of transmission power of DPCCH. Accordingly, the ACK/NACK quality is improved in SHO region. 

3. Optimization of Modified TPC

As pointed out during the e-mail discussion, there might be some room for optimization in the starting timing of M-TPC. 

Since UE monitors the HS-SCCHs and makes a decision whether or not to receive the following HS-PDSCH data at the end of Part1, it is possible to starts M-TPC based on Part1. Therefore the maximum delay (T_start) to start M-TPC from the end of Part 1 is a parameter for optimization. The timing diagram is described in Figure 1 with two different values of T_start. We see the following differences between the two values:

· T_start = 1.5 slots

· In this case, the minimum duration of M-TPC before the transmission of the first ACK/NACK is 9 or 10 slots, which depends on the timing offset between DPCH and HS-channels slot boundary.  

· Since M-TPC duration before the transmission of ACK/NACK is longer, the performance of ACK/NACK might be better.

· T_start = 3.0 slots

· In this case, the minimum duration of M-TPC before the transmission of the first ACK/NACK is 8 or 9 slots, which depends on the timing offset between DPCH and HS-channels slot boundary.  

· It allows more relaxed processing time for UE. 

· UE can decide activating M-TPC with the aid of the decoding results of Part2. Accordingly unnecessary activation of M-TPC can be avoided.   

The performance evaluation with the above two timings are shown in Annex A, and the gain of M-TPC, i.e. the reduction of the power offset with M-TPC is summarized in Table1. As is seen from the above analysis, there is tradeoff between the performance of M-TPC and the available processing time of UE. Therefore, in order to show the difference of the best and the worst cases of the performance, we chose 10 slots and 8 slots as the duration time for 1.5 slots and 3.0 slots of T_start, respectively.
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Figure 1  Timing relationships on starting M-TPC

From the results in Table 1, the gain of M-TPC is between 4.9 dB and 8.6 dB with T_start of 1.5 slots, and between 4.5 dB and 7.6 dB with T_start of 3.0 slots in the typical case where the serving cell has smaller pathloss than non-serving cell. Therefore, the difference of the gain is 1.0 dB at the maximum with 3km/h of UE velocity.

On the other hand, in the transient case where serving cell has larger pathloss than non-serving cell, the gain of M-TPC is between 6.3dB and 9.5 dB with T_start of 1.5 slots, and between 5.8 dB and 7.6 dB with T_start of 3.0 slots. Therefore, the difference of the gain is 1.9 dB at the maximum with 3km/h of UE velocity. However, since the throughput of HSDPA would be increased when the cell having smallest pathloss is selected as serving cell, this case does not seem to be dominant. 

Table 1 Reduction of Power offset compared with the case without M-TPC

	
	Typical case
	Transient case

	
	3km/h
	30km/h
	3km/h
	30km/h

	T_start=1.5 slots (10 slots duration)
	8.6 dB
	4.9 dB
	9.5 dB
	6.3 dB

	T_start=3.0 slots (8slots duration)
	7.6 dB
	4.5 dB
	7.6 dB
	5.8 dB


From the analysis above, our recommendation is to take 3.0 slots rather than 1.5 slots as T_start because the performance is not so different and it is possible with T_start of 3.0 slots to reduce the ACK/NACK power offset at least 7.6 dB and 4.5 dB at the velocity of 3km/h and 30km/h, respectively. Here, note that the T_start is just the latest limit of switching. Therefore, UE may start M-TPC earlier than T_start, if possible, for further improvement of the ACK/NACK reliability.   

4. Discussion

The following discussion points should be taken into account to make a decision on this issue. 
· Is the enhancement really necessary? 

Considering the types of users in SHO region, there would not be only the moving users but also the stationary users. For example, someone might use HSDPA in his or her house in SHO area. If the enhancement scheme is not introduced in Rel-5, such people always suffer a disadvantage of lower throughput than those who are located in non-SHO region. Note that user throughput is reduced due to ACK/NACK errors even when HSDPA related channels are not congested. This impact is larger in SHO region because a larger number of sub-frames are needed to send the same amount of data due to low channel quality. Note also that it is impossible to solve this problem by increasing the number of Base Stations. This is because this problem is caused by “unnecessary TPC bits” transmitted from the other active set cells. 
If we introduce the enhancement, it is possible to reduce the ratio of limited-throughput area, i.e. to have larger high-throughput service area, with no additional cost of the network.

( The enhancement is really needed to introduce in Rel-5.

· What is the requirement to introduce the enhancement in Rel’5?

  As is confirmed during the e-mail discussion, “having the right balance of simplicity and performance” is important requirements for the enhancement to be chosen.

· Performance of M-TPC; 
As has been already shown during the discussion so far, it is possible to meet the original requirements ([1]-[3]). Also, it is shown at the section 3 in this contribution that the required power offset is reduced up to 7.6 dB even with the relaxed starting timing.

· Simplicity of M-TPC; 
It could be said that this scheme is simple enough to introduce in Rel-5 even with this late stage. It is obvious from the CR for M-TPC [4] that only slight modification of UE behavior, i.e. the switching between the existing and modified TPC derivation methods is required. 

· Is it necessary to introduce the higher layer signaling to switch on/off of M-TPC?

  If there is some benefit to switch-off M-TPC, such higher layer signaling should be introduced. However, if not, the higher layer signaling should not be introduced at the cost of implementing it.
If M-TPC is switched off in SHO region, the transmission power of ACK/NACK should be increased by some other ways, otherwise the users in SHO incur the poor performance of HSDPA. If the maximum power offset for ACK/NACK is not enough to achieve the requirements, it might be possible to increase the target SIR of UL DPCH from RNC. However, this means that UE would always transmit extra transmission power even when the UE does not transmit any ACK/NACK signaling. 
(  M-TPC should be always activated in SHO region.

· The increase of interference in UL with the M-TPC 

·  Even if M-TPC is applied, normal TPC derivation following “or-of-down” principle is activated during non-reception period. Considering the nature of packet transmission, the packet reception period is short compared with the non-reception period. Therefore, the increase of interference due to M-TPC is small as shown in [1]-[3]. 

·  Someone might suspect the applicability of M-TPC to the continuous transmission for the UE such as the streaming service. However, the number of UE activating M-TPC at the same time is limited to the product of the following values:

· The number of HS-SCCH (e.g. four) 
· The number of sub-frames activating M-TPC to transmit one HS-PDSCH sub-frame
 (e.g. four) 
This means that the maximum number of such UE is 16 when the above example values are assumed. However, this is an extreme case because this may happen if many small packets are transmitted every four sub-frames continuously. 
( There is no significant increase of interference with M-TPC.
· Other benefits by introducing M-TPC

In addition to the above, there are following benefits in introduction of M-TPC:

· CQI: With M-TPC, the reliability of CQI signaling is improved when packets are transmitted. This is advantageous because there is high probability that the reliable CQI is utilized for the packets transmission in the following sub-frames.
· Closed loop mode transmit diversity: Since the quality of UL DPCH is improved, the quality of feedback signaling messages for closed loop mode transmit diversity is improved when packets are transmitted. The improvement of these signaling at serving cell is beneficial, especially when packets are transmitted for the UE. This increases the gain of the transmit diversity in HS-PDSCH, and leads to increase of throughput. 
5. Conclusions

In this contribution, we summarized the discussion on M-TPC operation and also showed the results of optimization on M-TPC. In conclusion, we recommend adopting M-TPC as the power control scheme for the HS-DPCCH and UL DPCH for Rel-5.
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Annex A

 The following simulation was conducted with the same conditions described in [3].
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Figure A1  HS-DPCCH SIR distributions in typical case 

(Pathloss at serving cell is smaller than that of non-serving cell)
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Figure A2  HS-DPCCH SIR distributions in transient case

(Pathloss at serving cell is larger than that of non-serving cell)
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Figure A3  Required power offset in typical case

(Pathloss at serving cell is smaller than that of non-serving cell)
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Figure A4  Required power offset in transient case

(Pathloss at serving cell is larger than that of non-serving cell)
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