TSG-RAN Working Group 1#38bis                                                        　R1-041126
Seoul, Korea
20-24 September 2004

Agenda item:
7.4. Downlink Signaling support for HARQ 
Source: 
NEC 

Title: 
HARQ Downlink Signaling 
Document for:
Discussion 

1. Introduction

During the Study Item period of E-DCH, we have seen that HARQ is one of prominent enhanced feature of E-DCH in improving link efficiency. From the experience from HSDPA, we learnt that stringent requirement for ACK/NACK signaling has requested large UE transmission power. In this sequel, it is remained to be seen how much E-DCH related signaling for Uplink Enhancement would cause impact on downlink capacity. 

In this contribution, we propose a cheaper way of sending ACK/NACK signaling than one we had for HSDPA. And we present a proposal in conjunction with orthogonal code based user multiplexing scheme.
2. Overall Downlink signaling for EUDCH

In order to examine the overall downlink overhead of E-DCH, we can compare the signaling information and the requirement of E-DCH and HS-SCCH as shown in the Table 1. In this comparison, we assumed the shared downlink physical channel (namely E-SCCH) even though there are other possibilities of having dedicated channels. From the table, 

· For the case of combination of 2ms TTI and Time & Rate scheduling, one can see that requirement on downlink could be quite comparable to that of HS-SCCH if ACK/NACK reliability requirement is high.

· For the case of combination of 10ms TTI and Rate scheduling case, we may have more number of simultaneous transmitting UE than R &T scheduling. Also Rate Grant (RG) may have less stringent error requirement hence, HARQ ACK/NACK transmission would dominate the node B transmission power. 

Therefore we can see that for both cases of Rate Scheduling and Time & Rate Scheduling, ACK/NACK transmission power will have impact on downlink capacity than scheduling signaling.

Table 1 Comparison of HS-SCCH and E-SCCH

	
	TTI
	Target error rate
	Information bits
	Number of UE
	

	HS-SCCH
	2ms
	1e-2


	21 bits
	Num of scheduled UE
	

	E-SCCH


	2ms
	1e-3 or 1e-4 (ACK)

1e-2 (SA)

 
	1(ACK) + 8 (SA)

= 9 bits
	Num of scheduled UE + minimum TFC transmission
	Rate & Time scheduling [1]

	
	10ms
	1e-3 or 1e-4 (ACK) 

1e-2 (RG)


	1(ACK) + 1(RG)

= 2 bits
	Up to the num of all EUDCH served UE

e.g. 40
	Rate scheduling [2]


3. Principle of Time diversity signaling

In this section, we present the fundamental principle of time diversity signaling as compared to base line approaches and some link level simulations results are shown. Since the frame structure of downlink ACK/NACK controlling channel is still open, hence 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 Time Diversity 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 Time Diversity 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 1 : Comparison of Time Diversity ACK/NACK solution
Figure 2 and 3 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 least 0.5 dB at BLER of 10-3 and lower. 
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Figure 2 : Pedestrian B Channel Model with 2ms TTI
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Figure 3 : Pedestrian B Channel Model with 10ms TTI
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Figure 4 : Vehicular A Channel Model with 2ms TTI
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Figure 5 : Vehicular A Channel Model with 10ms TTI
4 An example of downlink ACK/NACK coding chain

Currently there are proposals multiplexing the downlink ACK/NACK signaling of multiple UE into one channelization code by use of orthogonal code multiplexing. The proposed time diversity ACK/NACK signaling can be implemented into the orthogonal code multiplexing scheme as illustrated in Figure 6. Overall downlink channel coding chain remains untouched except adding a block interleaving sub-process immediately after slot repetition sub-process. As a example, TTI = 2ms case is considered in this illustration and the repeated slot are blocked interleaved in such a way that one ACK/NACK signaling is spread over 3 TTI in cyclic shifted manner (i.e. repeated slot are interleaved to 0th, 1st and 2nd slot of 0th, 1st and 2nd consecutive TTIs).

In this illustration, relative rate grant signal is also blocked interleaved, although it is feasible that ACK/NACK and relative rate grant can be separately processed with different block interleaving pattern (e.g. no interleaving for relative grant due to less stringent error requirement). 
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Figure 6: An implementation of Time Diversity ACK/NACK. TTI=2ms case
5 Conclusion

In this contribution, we firstly considered the downlink signaling of Enhanced Uplink for two major scheduling approaches and found that ACK/NACK signaling may consume non-negligible downlink capacity. Henceforth we presented a solution giving additional SIR reduction of 0.5 dB for all cases examined in this contribution (based on HS-DPCCH frame structure). Note that 0.5 dB gain can be seen as 10% reduction of ACK/NACK transmission power in downlink. Also we should note that the uplink peak rate will kept intact which is advantage over repetition scheme.

Table 2: comparison of ACK NACK transmission schemes
	
	Number of symbols per ACK/NACK 
	Transmit time period
	Total energy of one signal
	Diversity gain
	UL peak rate
	Performance

	Conventional
	N
	TTI
	E
	G
	R
	Reference

	Time Diversity
	N
	2TTI
	E
	~2G
	R
	At least 0.5 dB smaller

	Repetition
	2N
	2TTI
	2E
	~2G
	R/2
	3.x dB smaller

	Repetition with half power
	2N
	2TTI
	E
	~2G
	R/2
	At least 0.5dB smaller


Furthermore the same proposed technique can be applied to other binary signaling such as rate grant message for node B controlled Rate Scheduling. 
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Appendix: Simulation assumption
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


