TSG-RAN Working Group 2#44                                                        　R2-042067
Sophia Antipolis, France
4-8 October 2004

Agenda item:
6.5
MAC/HARQ protocol 
Source: 
NEC 

Title: 
HARQ Downlink Signaling 
Document for:
Discussion 

1. Introduction

During RAN1#38bis, there was discussion on required node B transmission power to support ACK/NACK signaling for E-DCH. From contributions, 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, in this contribution, we proposed 1) repetition of ACK/NACK similar to HSDPA and 2) Sliding Window based solution to reduce the downlink transmission power. Intention is to conclude RAN2 related issues on ACK/NACK transmission delay and conclude further RAN1 related issues before November RAN1/RAN2 meeting which is current deadline of E-DCH CR drafting.  

2. Overall downlink signaling overhead for Enhanced DCH
So far discussed in RAN1, there are three types of downlink signaling are under consideration such that Absolute Grant, Relative Grant and ACK/NACK signaling. The details of this signaling are still remain open but the overall overhead in terms of downlink transmission power has not been fully covered and understood by RAN1 and RAN2. Leaving behind the Absolute and Relative Grant, ACK/NACK transmission power structure has been proposed and agreed in RAN1 to have per UE specific code multiplexed scheme. Some detail simulation results have been presented [1] and it is summarized in the following two tables. 

· These tables are constructed from Table 6 in [1] where required Ec/Ior is calculated assuming 0.01% NACK/DTX to ACK error rate and 1% ACK to NACK/DTX error rate; 
· 10 simultaneous transmission of ACK/NACK signal is assumed and all UE are located at the same geometry factor;
· Assuming maximum 10% ACK/NACK node B transmission power, it can be seen that supporting SHO UE are problematic even for 10ms TTI for difficult channel condition and 2ms TTI for typical channel condition;
· Assuming maximum 5% ACK/NACK node B transmission power, it can be seen that non-SHO UE will not receive reliable ACK/NACK signalling for 2ms TTI case.

· Considering other DL signalling such as Absolute and Relative grant, effectively required node B transmission power would exceed 10% node B transmission power which would impact currently limited DL resource.
Table 1 Cases for total ACK/NACK node B transmission power greater than 10%

	Channel
	TTI
	Non SHO

G = 6dB
	Non SHO

G = 0 dB
	SHO

3 dB imbalance
	SHO

0 dB imbalance

	Ped A 3kmh
	2ms
	NO
	YES
	YES
	YES

	
	10ms
	NO
	NO
	NO
	YES

	Veh A 30kmh
	2ms
	NO
	NO
	NO
	YES

	
	10ms
	NO
	NO
	NO
	NO


Table 2 Cases for total ACK/NACK node B transmission power greater than 5%

	Channel
	TTI
	Non SHO

G = 6dB
	Non SHO

G = 0 dB
	SHO

3 dB imbalance
	SHO

0 dB imbalance

	Ped A 3kmh
	2ms
	NO
	YES
	YES
	YES

	
	10ms
	NO
	NO
	YES
	YES

	Veh A 30kmh
	2ms
	NO
	YES
	YES
	YES

	
	10ms
	NO
	NO
	NO
	NO


3. Repetition and Sliding Time Window
To solve the problem of downlink transmission power shortage, we proposed to adopt the same repetition scheme for E-DCH as adopted in HSDPA (see Figure 1). The impact of adopting repetition is such that 
· number of HARQ processors can be as small as 3 for 2ms TTI case (assuming 5 processors for base line approach). The detail number of processors can be decided after considering reasonable UE and node B processing time in RAN1/RAN2.

· UE cannot continuously transmits in uplink hence DTX is required; in the example shown in Figure 1, every other TTI is assumed to be DTXed.
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Figure 1 : Repetition and Sliding Time Window Scheme (2ms TTI case)
Note that details of exact timing are FFS in RAN1.
In RAN1#38bis, a sliding time window based scheme was proposed [2] and the issue has been remained FFS until incoming RAN1 meeting. The principle of sliding time window scheme is explained in Figure 1 (last alternative). ACK/NACK signal is spread over two TTI and it is combined with previous ACK/NACK signal. 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 1 additional processor is required for sliding time window scheme).

4 Conclusion

Simulation results are shown in the annex of this contribution confirming over approximately 3 dB gain of repetition scheme and approximately 1 dB gain of sliding time window scheme. The results are obtained based on HS-DPCCH frame structure, hence exact gain of E-DCH should be confirmed based on last week’s RAN1 decision. 
In conclusion, we propose

· to adopt ACK/NACK repetition scheme for E-DCH (at least mandatory option for 2ms TTI case)

· In this case, RAN2 should change assumption on RTT of HARQ processing and;

· accept 50% of maximum data rate decrease and;

· accept UE E-DPDCH DTX frames due to repetition and;

· accept smaller number of HARQ processors 


· to adopt ACK/NACK sliding time window scheme for E-DCH (mandatory option if performance is significant enough) 
· In this case, RAN2 should change assumption on RTT of HARQ processing 
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6 Link level simulation result on repetition and sliding time window

Table 1 Simulation assumptions

	Number of ACK/NACK symbols per TTI
	10 

SF=256

	TTI
	2 ms/10ms

	TPC
	On, 1 slot update, 1 dB step

	Channel estimation
	Ideal

	Path model
	1. Pedestrian B.  Six paths with relative powers [0 -0.9 -4.9 -8.0 -7.8 -23.9] dB, velocity 3km/h
2. Vehicular A.  Six paths with relative powers of [0 -1 -9 -10 -15 -20] dB, velocity 30km/h.

	Simulation duration
	750,000 TTIs


In this section, we present some link level simulations results for comparing base line, repetition and time diversity scheme. Without loss of generality, we use HS-DPCCH frame structure where 2ms is assumed for TTI and 10 symbols assigned for ACK/NACK.

Baseline – No Diversity Gain.

The ACK/NACK command is sent as 10 symbols in the first slot each the TTI.  For example, for the sequence [ACK NACK ACK NACK] the information would be organized as follows:

	
	Slot 0 TTI 0
	Slot 0 TTI 1
	Slot 0 TTI 2
	Slot 0 TTI 3
	Slot 0 TTI 4

	I
	AAAAAAAAAA
	NNNNNNNNNN
	AAAAAAAAAA
	NNNNNNNNNN
	

	Q
	AAAAAAAAAA
	NNNNNNNNNN
	AAAAAAAAAA
	NNNNNNNNNN
	


Option 1 Sliding Window ACK/NACK signalling

The ACK/NACK command is sent as the first 5 symbols in first slot of TTI n and last 5 symbols in first slot of TTI n+1.  For example, for the sequence [ACK NACK ACK NACK], where A = ACK, N=NACK and U = Unknown, the information would be organized as follows:

	
	Slot 0 TTI 0
	Slot 0 TTI 1
	Slot 0 TTI 2
	Slot 0 TTI 3
	Slot 0 TTI 4

	I
	AAAAAUUUUU
	NNNNNAAAAA
	AAAAANNNNN
	NNNNNAAAAA
	UUUUUNNNNN

	Q
	AAAAAUUUUU
	NNNNNAAAAA
	AAAAANNNNN
	NNNNNAAAAA
	UUUUUNNNNN


Option 2 Sliding Window ACK/NACK signalling

The ACK/NACK command is sent in the odd symbols in the first slot of TTI n and the even symbols in the first slot of TTI n+1 (counting symbols 0-9).  For example, for the sequence [ACK NACK ACK NACK], where A = ACK, N=NACK and U = Unknown, the information would be organized as follows:

	
	Slot 0 TTI 0
	Slot 0 TTI 1
	Slot 0 TTI 2
	Slot 0 TTI 3
	Slot 0 TTI 4

	I
	UAUAUAUAUA
	ANANANANAN
	NANANANANA
	ANANANANAN
	NUNUNUNUNU

	Q
	UAUAUAUAUA
	ANANANANAN
	NANANANANA
	ANANANANAN
	NUNUNUNUNU


Repetition

Each ACK/NACK sent in the first slot of TTI n and the first slot of TTI n+1.  This is the method that has been introduced for HSDPA.  The repetition of bits results in higher bit energy at the receiver but this is at the expense of user throughput.

For example, for the sequence [ACK NACK ACK NACK], where A = ACK, N=NACK the information would be organized as follows:

	
	Slot 0 TTI 0
	Slot 0 TTI 1
	Slot 0 TTI 2
	Slot 0 TTI 3
	Slot 0 TTI 4
	Slot 0 TTI 5

	I
	AAAAAAAAAA
	AAAAAAAAAA
	NNNNNNNNNN
	NNNNNNNNNN
	AAAAAAAAAA
	AAAAAAAAAA

	Q
	AAAAAAAAAA
	AAAAAAAAAA
	NNNNNNNNNN
	NNNNNNNNNN
	AAAAAAAAAA
	AAAAAAAAAA
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Figure 2 : Comparison of Repetition and Sliding Time Window as applied to HS-DPCCH

Figure 4-6 show the link level performance with the case of no-repetition, option 1 and option2. As we can see from these figures, with option1 and option2, the required SIR is reduced by at maximum 1 dB and at minimum 0.5 dB at BLER of 10-3 and lower. 
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Figure 3 : Pedestrian B Channel Model with 2ms TTI
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Figure 4 : Pedestrian B Channel Model with 10ms TTI
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Figure 5 : Vehicular A Channel Model with 2ms TTI
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Figure 6 : Vehicular A Channel Model with 10ms TTI


