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1. Introduction

During previous RAN1 meetings, there was discussion on required Node B transmission power to support ACK/NACK signaling for E-DCH. From the contribution [1], it has shown that required total ACK/NACK transmission power for one cell could exceed 10% of Node B transmission power depending on TTI, user distribution (geometry) and cell load. Hence, at the last RAN1 meeting, we proposed the sliding window based interleaving solution to reduce the downlink transmission power [2] and the issue has been remained as FFS. In this contribution, we showed further simulation results and the summary of open issues on the scheme. 

2. Overall downlink signaling overhead for Enhanced DCH
It has been decided that the signature approach is used for E-HICH and E-RGCH in order to multiplex multiple UE to one code channel. Some detail simulation results have been presented in [1]. What are worth mentioning from the results are: 
Assuming 20UE are multiplexed, 
- 10ms TTI case: Required transmission power range is around 0.6 - 2 % of Node B transmission power in non-SHO case. In SHO case, it could exceed 10%. 
-  2ms TTI case: Required transmission power range is around 2 - 28 % of Node B transmission power even in non-SHO case. In SHO case, sometimes it could exceed 100%.   

 Since above estimation for the transmission power ratio is assuming that all UE are under the same condition, the required transmission power for SHO case might be a bit unrealistic (Assuming all the 20 UE are in SHO). However, in case of 2ms TTI, the required transmission power is quite high even in non-SHO case. Considering the fact that normally other downlink channels e.g. HSDPA are also transmitted in the same power resource, this large transmission power consumption causes degradation to not only EUDCH, but also other downlink channels. Hence, the solution to reduce the transmission power of E-DCH related channel should be introduced in Rel-6.  
3. Block Interleaving using Sliding Time Window
In HSDPA, the repetition scheme is adopted to reduce the required transmission power for ACK/NACK signaling. The impact of adopting repetition is that UE cannot continuously transmit in uplink hence DTX is required. Consequently, the maximum rate for the UE adopting repetition is degraded as much as half (Repetition factor=2) or one third (Repetition factor = 3) or more. 
In RAN1#38bis, a sliding time window based scheme was proposed [2] and the issue has been remained FFS. The principle of sliding time window scheme is explained in Figure 1. ACK/NACK signal is spread over three TTI and it is combined with previous ACK/NACK signals. The benefit of this scheme is that there is no need for DTX in uplink, hence uplink maximum rate can be maintained. One impact is that number of HARQ processor is increased due to extended round trip time (in this example, base line case has 5 processors whereas 2 additional processor is required for sliding time window scheme).
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Figure 1 : Sliding Time Window Scheme (2ms TTI case)
Note that details of exact timing are FFS.
4. Performance analysis
The simulation results are shown in Figure 2 and 3. And the followings are some observations:
· The scheme can improve the performance loss due to the transmission power control inaccuracy:
  Although transmission power control can be applied to E-HICH, the received SIR could be fluctuated due to e.g. TPC delay or SIR/channel estimation error. The sliding time window scheme gives more benefit in such a situation because of more interleaving gain. For example, Figure 2 shows the comparison between the performance with ideal and non-ideal channel estimation. As seen from the figure, the gain obtained by the slide time window scheme is larger (around 1dB) compared with the case of ideal channel estimation (around 0.5 dB). 
· The gain is more obvious in 2ms TTI case than 10ms TTI:
  In case of 10ms TTI, short term SIR fluctuation can be recovered within TTI. However, in case of 2ms TTI, the duration is too short to recover the SIR fluctuation within TTI. Therefore, the sliding time window scheme is more beneficial in 2ms TTI.  
· The gain is larger in high velocity and multi-path environment:
As seen in Figure 3, the gain from the scheme is approximately 0.5 dB with PA3, 1 dB with VA30 and 1.4 dB with VA60 at BLER of 10-3. It is because the received SIR is more fluctuated as the velocity or the number of path increase. Therefore, the scheme gives more interleaving gain in such a situation.
Considering the real world where UE with various channel models are mixture, the gain obtained from the scheme could be around 1 dB, which corresponds to 25 % reduction of transmission power for E-HICH. Assuming the case that the transmission power for E-HICH is 20% without the scheme, the introduction of the scheme can reduce the transmission power consumption for E-HICH to 15 %.
Table 1 Simulation Assumptions
	Carrier Frequency
	2 GHz

	Chip rate
	3.84 Mcps

	SF
	128

	TTI
	2 ms

	TPC
	On, 1 dB step

	PC delay
	1 slot

	TPC error rate
	1 %

	Channel estimation
	Ideal, Non-ideal

	Path model
	PB3, VA30, VA60

	Window size
	3 TTI

	Simulation duration
	20,000 TTIs
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Figure 2 Link performances with ideal or non-ideal channel estimation
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Figure 3 Link Performances with various channel models 
5.  Open issues for Working Group 1
- Increase of HARQ RTT and increased delay of packet transmission.
Since the transmission duration for one ACK/NACK signal is extended by 2 TTI (4 ms), HARQ RTT is also increased by 2 TTI compared with no the sliding time window case. Hence the delay of sending retransmission is increased by 4 ms hence this may be seen as the same drawback of repetition scheme used in HSDPA. However, we don’t think the increase of RTT contributes to the increased of transmission delay of packet transmission, because
· The delay appear at the beginning of new packet transmission, hence the overall “packet call” delay does not increased by the proposed solution. 

· Even considering the HARQ processing with average transmission number of 2 or 3, the packet call delay has already random aspect. Hence, the increase of 4ms TTI may appear or may not appear in real operation of HARQ. 
· For interactive/background type of traffic, we don’t believe this increase of 4ms would impact the system performance.

· For voice type of traffic, we believe a typical HARQ operation point is around 10%, hence most of packet will be delivered at 1st transmission and Node B will deliver the MAC-e PDU to upper layer as soon as it decodes correctly, hence increase of delay in sending ACK does not cause harmful delay jitter. 

- Number of HARQ process and UE HARQ memory size
Like HSDPA, number of HARQ process should be defined based on HARQ RTT. Hence we see 2 more HARQ process is needed hence increasing process number from 6 to 8. Assuming equal partitioning of HARQ memory, it corresponds to 33% increase of memory size. We believe that UE memory is also important system resource to optimize, however the downlink transmission power and coverage of E-DCH are more prioritized system resource. However, if UE memory is still such a concern, there is a way to reduce the maximum UE transmission rate by e.g. 30% to keep the same memory requirement.
- Applicability to E-AGCH and E-RGCH
The proposed block interleaving scheme can be applied to E-AGCH and E-RGCH. It is because RAN1 decision to repeat 2ms TTI structure to 10ms TTI. 
Since slot format of E-RGCH is basically similar to E-HICH, it is possible to apply this scheme to E-RGCH as well. Especially, in E-RGCH, a group of UE might receive same E-RGCH.
- Interleaving Length 
 This value could be set semi-statistically by RNC depending on the Node B transmission power situation. However, it is also valid option that the number is fixed in the specification for simplicity. For example, 3 TTI seems suitable value to 2ms TTI case as seen in Figure 1. 
6. Conclusion
In this contribution, we have explained the expected transmission power for E-HICH and the scheme to reduce the transmission power. And we have also shown the link level performance obtained by the scheme. As we can see the tables summarizing the gain below, the transmission power for E-HICH is reduced by approximately 0.5-1.2 dB with the scheme. Since the power reduction is large and it would be increase the coverage of EUDCH, we propose to adopt the sliding time window scheme for 2ms TTI. 
Table 2 Gain with the sliding time window scheme (Different channel estimation)

	
	Ideal Channel Est.
	Non-Ideal Channel Est.

	P(Ack|Nack)=1%
	0.5 dB
	1 dB

	P(Ack|Nack)=0.1%
	0.3 dB
	1.2 dB


Table 3 Gain from the sliding time window scheme (Different channel models)
	
	PB3
	VB30
	VA60

	P(Ack|Nack)=1%
	0.2 dB
	0.8 dB
	1.2 dB

	P(Ack|Nack)=0.1%
	0.6 dB
	1 dB
	1.4 dB
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