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1. Introduction

Several different alternatives for downlink signalling transmission have been discussed, time multiplexing the E-DCH downlink signalling into existing physical channel, e.g. DPCH, or code multiplexing it into separate physical code channel, which could be shared by several UEs. In this paper, preliminary link level simulation results are presented for a case, where the E-DCH downlink signalling bit to a UE is repeated 2 or 4 times in predefined fixed positions of each slot within 2ms or 10ms. Also some other issues to be considered for the different downlink signalling alternatives are discussed.

2. Simulation assumptions

The general simulation assumptions are listed in Table 1. 

Table 1 Simulation Assumptions
	Parameter
	Value
	Comments

	Carrier Frequency
	2GHz
	

	Chip rate
	3.84Mcps
	

	Propagation conditions
	TS 25.101 Case1 3 km/h
TS 25.101 Case3 30 km/h 
	Similar to Pedestrian A 3 km/h
Similar to Vehicular A 30 km/h

	Closed loop Power Control
	ON
	

	PC delay
	1slot 
	

	PC error rate 
	4%
	

	Maximum Ec/Ior
	-3dB
	

	Channel Estimation
	Non-Ideal
	

	Number of Rake fingers
	Equal to number of taps in the channel model
	

	Tsignalling
	10ms or 2ms
	Transmission time for 1 signalling bit 

	Signalling coding
	30, 6, 60 or 12 repetitions
	

	SF for channel carrying signalling
	128
	

	Threshold for signalling decision
	0 
	For signalling bit 1 and 0  (e.g. ACK/NACK for HARQ) equally protected

	Sample rate
	1 sample / chip
	

	DPDCH


	Transport channels
	12.2 kbps DTCH and 2.5 kbps DCCH  
	12.2 kbps measurement channel in TS25.101

	
	Channel coder
	1/3 Convolutional 
	


If 2 code channel bits/slot are used for transmitting the E-DCH downlink signalling for a UE, the signalling bit is repeated 30 times for Tsignalling =10ms and 6 times for Tsignalling=2ms. The code channel could be an existing DPCH or a separate code channel, shared by 20 UEs by time multiplexing. 

If 4 code channel bits/ are used for transmitting the E-DCH downlink signalling for a UE, the signalling bit is repeated 60 times for Tsignalling =10ms and 12 times for Tsignalling=2ms. The code channel could be an existing DPCH or a separate code channel, shared by 10 UEs by time multiplexing.

For the soft handover two signalling cases are studied: 

a) combined signalling: same signalling sent from all Node Bs in the active set, soft combining of the signalling from different Node Bs is possible at UE 

and 

b) independent signalling: signalling sent independently from each Node B in the active set, soft combining of the signalling from different Node Bs is not possible at UE. The error rate is analysed independently for each Node B.

3. Simulation Results

The signalling error rate as a function of Ec/Ior (instantaneous Ec/Ior values averaged over the simulation) is shown for Case1 3km/h in Figure 1 for non-SHO, for 2 Node B SHO in Figure 2 (independent signalling) and in Figure 3 (combined signalling), for 3 Node B SHO in Figure 4 (independent signalling) and in Figure 5 (combined signalling). 

Note, that there is only one E-DCH signalling bit / Tsignalling in the simulations. When several bits are transmitted, less repetition can be applied to the bits and thus, higher Ec/Ior is needed for the same signalling error rate.
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Figure 1 Case1 3km/h, 1 Node B with Îor/Ioc = 0dB
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Figure 2 Case1 3km/h, 2 Node Bs with equal Îor/Ioc = 0dB, independent signalling
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Figure 3 Case1 3km/h, 2 Node Bs with equal Îor/Ioc = 0dB, combined signalling
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Figure 4 Case1 3km/h, 3 Node Bs with equal Îor/Ioc = 0dB, independent signalling

	[image: image5.wmf]1.00E-04

1.00E-03

1.00E-02

1.00E-01

-30

-25

-20

-15

-10

-5

Ec/Ior, dB

E-DCH DL signalling error rate

30 repetition/10ms 

6 repetition/2ms 

60 repetition/10ms 

12 repetition/2ms 


Figure 5 Case1 3km/h, 3 Node Bs with equal Îor/Ioc = 0dB, combined signalling



The signalling error rate as a function of Ec/Ior is shown for Case3 30km/h in Figure 6 for non-SHO, for 2 Node B SHO in Figure 7 (independent signalling) and in Figure 8 (combined signalling), for 3 Node B SHO in Figure 9 (independent signalling) and in Figure 10 (combined signalling).
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Figure 6 Case3 30km/h, 1 Node B with Îor/Ioc = 0dB
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Figure 7 Case3 30km/h, 2 Node Bs with equal Îor/Ioc = 0dB, independent signalling
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Figure 8 Case3 30km/h, 2 Node Bs with equal Îor/Ioc = 0dB, combined signalling
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Figure 9 Case3 30km/h, 3 Node Bs with equal Îor/Ioc = 0dB, independent signalling
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Figure 10 Case3 30km/h, 3 Node Bs with equal Îor/Ioc = 0dB, combined signalling



The averaged E-DCH signalling overhead of one UE, when the total downlink transmission power of the Node B is 100%, is shown for Case1 3km/h in Table 2 for 1 Node B (non-SHO), in Table 3 (combined signalling) and Table 4 (independent signalling) for SHO with 2 Node Bs in the active set and in Table 5 (combined signalling) and Table 6 (independent signalling) for SHO with 3 Node Bs in the active set. 

Table 2 12.2kbps, Case1 3km/h, 1 Node B Îor/Ioc = 0dB
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.03
	0.07

	6 repetitions, Tsignalling = 2ms
	0.14
	0.25

	60 repetitions, Tsignalling = 10ms
	0.04
	0.08

	12 repetitions, Tsignalling = 2ms
	0.16
	0.3


Table 3 12.2kbps, Case1 3km/h, 2 Node Bs with equal Îor/Ioc = 0dB, combined signalling
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.02
	0.03

	6 repetitions, Tsignalling = 2ms
	0.07
	0.11

	60 repetitions, Tsignalling = 10ms
	0.03
	0.04

	12 repetitions, Tsignalling = 2ms
	0.07
	0.12


Table 4 12.2kbps, Case1 3km/h, 2 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.06
	0.55

	6 repetitions, Tsignalling = 2ms
	0.51
	Cannot be achieved, since max Ec/Ior limited to –3dB

	60 repetitions, Tsignalling = 10ms
	0.06
	0.68

	12 repetitions, Tsignalling = 2ms
	0.51
	Cannot be achieved, since max Ec/Ior limited to –3dB


Table 5 12.2kbps, Case1 3km/h, 3 Node Bs with equal Îor/Ioc = 0dB, combined signalling 
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.02
	0.04

	6 repetitions, Tsignalling = 2ms
	0.05
	0.1

	60 repetitions, Tsignalling = 10ms
	0.02
	0.04

	12 repetitions, Tsignalling = 2ms
	0.06
	0.10


Table 6 12.2kbps, Case1 3km/h, 3 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.1
	0.8

	6 repetitions, Tsignalling = 2ms
	0.9
	Cannot be achieved, since max Ec/Ior limited to –3dB

	60 repetitions, Tsignalling = 10ms
	0.14
	0.98

	12 repetitions, Tsignalling = 2ms
	0.9
	Cannot be achieved, since max Ec/Ior limited to –3dB


The averaged E-DCH signalling overhead of one UE, when the total downlink transmission power of the Node B is 100%, is shown for Case3 30km/h in Table 7 for 1 Node B (non-SHO), in Table 8 (combined signalling) and Table 9 (independent signalling) for SHO with 2 Node Bs the active set and in Table 10 (combined signalling) and Table 11 (independent signalling) for SHO with 3 Node Bs in the active set.

Table 7 12.2kbps, Case3 30km/h, 1 Node B Îor/Ioc = 0dB
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.03
	0.05

	6 repetitions, Tsignalling = 2ms
	0.08
	0.2

	60 repetitions, Tsignalling = 10ms
	0.03
	0.04

	12 repetitions, Tsignalling = 2ms
	0.15
	0.28


Table 8 12.2kbps, Case3 30km/h, 2 Node Bs with equal Îor/Ioc = 0dB, combined signalling
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.01
	0.03

	6 repetitions, Tsignalling = 2ms
	0.07
	0.13

	60 repetitions, Tsignalling = 10ms
	0.03
	0.05

	12 repetitions, Tsignalling = 2ms
	0.08
	0.17


Table 9 12.2kbps, Case3 30km/h, 2 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	<0.01
	0.07

	6 repetitions, Tsignalling = 2ms
	0.2
	0.7

	60 repetitions, Tsignalling = 10ms
	0.04
	0.08

	12 repetitions, Tsignalling = 2ms
	0.21
	0.5


Table 10 12.2kbps, Case3 30km/h, 3 Node Bs with equal Îor/Ioc = 0dB, combined signalling 
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.02
	0.04

	6 repetitions, Tsignalling = 2ms
	0.06
	0.13

	60 repetitions, Tsignalling = 10ms
	0.04
	0.06

	12 repetitions, Tsignalling = 2ms
	0.07
	0.18


Table 11 12.2kbps, Case3 30km/h, 3 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	One UE E-DCH DL signalling overhead,  % (Ior = 100%)

	
	(1% E-DCH signalling error rate
	(0.1% E-DCH signalling error rate

	30 repetitions, Tsignalling = 10ms
	0.05
	0.09

	6 repetitions, Tsignalling = 2ms
	0.3
	1.2

	60 repetitions, Tsignalling = 10ms
	0.08
	0.15

	12 repetitions, Tsignalling = 2ms
	0.3
	1.1


4. Discussion

In this paper, preliminary simulation results for downlink E-DCH signalling performance have been presented for the scheme, where a separate code channel, shared by several UEs, is used for the signalling and for the scheme, where the signalling is time multiplexed into existing DPDCH. In the simulations, one E-DCH signalling bit / Tsignalling is transmitted. The decision threshold has been at 0, i.e., the error probabilities for ‘0’ and ‘1’ have been the same. DTX has not been taken into account in the transmission nor in the decision threshold at the receiver. 

The performance shown in [2] and [3] for ACKCH with TDM structure is worse than shown in this paper, since in [2] and [3] the DTX has been taken into account in the decision threshold. From the results shown in [2], [3] and in this paper it can be seen, that the Tsignalling = 2ms performance is significantly worse than the Tsignalling = 10ms performance, when Îor/Ioc = 0dB.  

In the preliminary simulations shown in this paper, independent Node B specific errors were calculated for the independent signalling soft handover. However, since the UE has to make one decision based on the received signalling from different Node Bs, the error of this decision should be calculated instead of the Node B specific errors. For instance, a NACK to ACK error only happens if all the Node Bs have sent NACK and the UE interpretes some of them as ACK. Thus if some Node B sent an ACK, it does not matter if the NACK from another Node B was erroneously interpreted as ACK. Similarly, an ACK to NACK error only happens if some Node B(s) has sent an ACK but the UE interpretes all of them as NACK. 

In order to find out the real signalling overheads required for HARQ ACK and NACK error probabilities, the performance with asymmetric decision threshold will be studied in addition to the above mentioned combined effect of ACK/NACK signalling instead of the totally independent signaling. 

When comparing the E-DCH signalling performance with different downlink structures, also the utilisation of the channelisation codes, the timing and complexity issues should be considered, not only the required Ec/Ior. In the timing, it should be taken into account, that the timing of the dedicated channels (and thus, also E-DCH) is different for the different UEs. 
5. Conclusion

In this paper, simulation results for downlink E-DCH signalling performance have been presented for the scheme, where a separate code channel, shared by several UEs, is used for the signalling and for the scheme, where the signalling is time multiplexed into existing DPDCH.

From the results, it can be seen that downlink signalling with 2 ms TTI implies either significantly worse signalling performance or larger overhead than downlink signalling with 10 ms TTI. It can also be seen that the difference of  30 repetitions and 60 repetitions is not very large for 10 ms TTI.

We propose to add into TR 25.896 [1] a new section 9.5 Physical layer structures, with subsections 9.5.1 Complexity Evaluation, 9.5.2 Performance Evaluation, 9.5.2.1 Signalling to support the enhancements, and add the results shown in this contribution into subsection 9.5.2.1.1 Downlink signalling. 
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