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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. In this paper, link level simulation results are presented for the time multiplexed solution explained and discussed in [3]: RNC defines TFCS so that there is a TFC corresponding to a higher total data rate than is actually ever used, which means that there is always at least certain amount of DTX indication bits on CCTrCH in each frame at known positions. The Node Bs, which have E-DCH signalling to be sent, replace the DTX indication bits by E-DCH signalling bits after the 2nd interleaving. UE can decode the L1 signaling bits from the known bit positions before doing the deinterleaving for the data. Since there are less DPDCH bits to transmit the data, the performance of the data channels is affected and thus, has been studied also. Later, also code multiplexing the signalling into a separate physical channel is to be studied and the results compared to the time multiplexing results. 

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%
	

	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
	10, 30, 6, 60 or 12 repetitions
	

	Information Bit Rates (Kbit/s)
& initial coding rate 
	12.2 kbps DTCH and 2.5 kbps DCCH  
	12.2 kbps measurement channel in TS25.101

	SF
	128
	

	Channel coder
	1/3 Convolutional 
	

	Sample rate
	1 sample / chip
	

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


When signalling is embedded into DPDCH, there are less bits to transmit the data. Our assumption here has been that the maximum puncturing we should allow for DCH(s), is around 30 %. That is typically the limit after which the puncturing starts to degrade the performance for 1/3 coding rate.  This means that for the selected case of 12.2 Kbit/s AMR + 2.5kbit//s DCCH carried on SF=128, the puncturing ratio limit of 30 % is kept if at maximum 60 DPDCH channel bits (2 symbols /slot) per frame are reserved for EDCH L1 signaling.  That means 27% puncturing ratio for DTCH and DCCH. 


Thus in this study, different repetition ratios for 1 info bit are studied, for both 10ms and 2ms TTI, but in all cases it is made sure that the end result is that they reserve ≤ 60 bits per frame.

If adequate E-DCH signalling performance is not reached with the power needed to reach the DTCH BLER target, the E-DCH signalling bits should be transmitted with higher power than the DTCH and DCCH bits. The total signalling overhead is affected by the number of DPDCH bits used for E-DCH signalling and power offset of these bits (compared to other DPDCH bits). 

The target of the performance study is to find out: 

· the total signalling overhead due to the E-DCH signalling 

· the possible power offsets needed for the signalling bits to reach a certain error rate, since the amount of DPDCH bits that can be used for the signalling is limited due to the increased puncturing causing performance degradation for DTCH and DCCH.

3. Simulation Results

The simulation results for Case1 3km/h are shown in Table 2for 1 Node B (non-SHO), in Table 3 and Table 4 for SHO with 2 Node Bs in the active set and in Table 5 and Table 6 for SHO with 3 Node Bs in the active set. 

For the SHO, the results are shown both for 

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 (Table 3 and Table 5)

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 (Table 4 and Table 6). Note: the error rate was analysed independently for each Node B.

The Increased Ec/Ior due to E-DCH signaling column shows how much higher average DPDCH_Ec/Ior is needed to achieve 1% BLER for the 12.2kbps DTCH, when part of the DPDCH bits are used for the E-DCH signalling, compared to case, where all DPDCH bits are used for DTCH and DCCH (no signalling or DTX). Power offset column show how much higher DPDCH_Ec/Ior E-DCH signalling bits would need for lower than 1% or 0.1% signalling error rate compared to DPDCH_Ec/Ior needed for DTCH BLER 1%. For the power offsets, the corresponding total signalling overheads (including the higher power for DPDCH due to higher DTCH puncturing rate and the possible additional power offset of the E-DCH signalling bits) are also shown. 

Note, that there has been 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, more power is needed for the same signalling error rate.

Table 2 12.2kbps, Case1 3km/h, 1 Node B Îor/Ioc = 0dB
	
	With 0.0dB power offset for the E-DCH signaling 


	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-13.62
	0.2
	Less than 1.0E-04
	0
	0.2
	0
	0.2

	30 repetitions, Tsignalling = 10ms
	-13.23
	0.59
	Less than 1.0E-04
	0
	0.59
	0
	0.59

	6 repetitions, Tsignalling = 2ms
	
	
	1.2E-03
	0
	0.59
	0.5
	0.63

	60 repetitions, Tsignalling = 10ms
	-12.53
	1.29
	Less than 1.0E-04
	0
	1.29
	0
	1.29

	12 repetitions, Tsignalling = 2ms
	
	
	Less than 1.0E-04
	0
	1.29
	0
	1.29


Table 3 12.2kbps, Case1 3km/h, 2 Node Bs with equal Îor/Ioc = 0dB, combined signalling
	
	With 0.0dB power offset for the E-DCH signaling 


	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-17.33
	0.08
	Less than 1.0E-04
	0
	0.08
	0
	0.08

	30 repetitions, Tsignalling = 10ms
	-17.10
	0.56
	Less than 1.0E-04
	0
	0.56
	0
	0.56

	6 repetitions, Tsignalling = 2ms
	
	
	1.1E-03
	0
	0.56
	0.5
	0.6

	60 repetitions, Tsignalling = 10ms
	-16.85
	1.14
	Less than 1.0E-04
	0
	1.14
	0
	1.14

	12 repetitions, Tsignalling = 2ms
	
	
	Less than 1.0E-04
	0
	1.14
	0
	1.14


Table 4 12.2kbps, Case1 3km/h, 2 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	With 0.0dB power offset for the E-DCH signaling 


	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-17.33
	0.08
	2.9E-02 
	3.8
	0.35
	10.4
	1.68

	30 repetitions, Tsignalling = 10ms
	-17.10
	0.56
	6.3E-03
	0
	0.56
	6.5
	2.25

	6 repetitions, Tsignalling = 2ms
	
	
	4.8E-02
	6.4
	1.99
	13.5
	7.6

	60 repetitions, Tsignalling = 10ms
	-16.85
	1.14
	2.0E-03
	0
	1.14
	4
	2.54

	12 repetitions, Tsignalling = 2ms
	
	
	2.2E-02
	3
	2.18
	11
	8.64


Table 5 12.2kbps, Case1 3km/h, 3 Node Bs with equal Îor/Ioc = 0dB, combined signalling 
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-18.07
	0.14
	Less than 1.0E-04
	0
	0.14
	0
	0.14

	30 repetitions, Tsignalling = 10ms
	-17.61
	0.6
	Less than 1.0E-04
	0
	0.6
	0
	0.6

	6 repetitions, Tsignalling = 2ms
	
	
	1.2E-03
	0
	0.6
	0.5
	0.65

	60 repetitions, Tsignalling = 10ms
	-17.03
	1.18
	Less than 1.0E-04
	0
	1.18
	0
	1.18

	12 repetitions, Tsignalling = 2ms
	
	
	Less than 1.0E-04
	0
	1.18
	0
	1.18


Table 6 12.2kbps, Case1 3km/h, 3 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-18.07
	0.14
	5.3E-02
	6
	0.68
	12.5
	2.7

	30 repetitions, Tsignalling = 10ms
	-17.61
	0.6
	1.2E-02
	0.9
	0.69
	9
	3.4

	6 repetitions, Tsignalling = 2ms
	
	
	8.2E-02
	8.8
	3.27
	14.5
	8.5

	60 repetitions, Tsignalling = 10ms
	-17.03
	1.18
	4.3E-03
	0
	1.18
	6
	3.6

	12 repetitions, Tsignalling = 2ms
	
	
	3.9E-02
	5.5
	3.31
	13
	10.8


The simulation results for Case3 30km/h are shown in Table 7 for 1 Node B (non-SHO), in for SHO with 2 Node Bs in Table 8 (combined signalling) and Table 9 (independent signalling) 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
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-15.24
	0.2
	Less than 1.0E-04
	0
	0.2
	0
	0.2

	30 repetitions, Tsignalling = 10ms
	-14.79
	0.54
	Less than 1.0E-04
	0
	0.54
	0
	0.54

	6 repetitions, Tsignalling = 2ms
	
	
	2.4E-03
	0
	0.54
	1.3
	0.84

	60 repetitions, Tsignalling = 10ms
	-14.21
	1.03
	Less than 1.0E-04
	0
	1.03
	0
	1.03

	12 repetitions, Tsignalling = 2ms
	
	
	2.4E-04
	0
	1.03
	0
	1.03


Table 8 12.2kbps, Case3 30km/h, 2 Node Bs with equal Îor/Ioc = 0dB, combined signalling
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-16.77
	0.16
	Less than 1.0E-04
	0
	0.16
	0
	0.16

	30 repetitions, Tsignalling = 10ms
	-16.33
	0.6
	Less than 1.0E-04
	0
	0.6
	0
	0.6

	6 repetitions, Tsignalling = 2ms
	
	
	1.2E-03
	0
	0.6
	0.5
	0.64

	60 repetitions, Tsignalling = 10ms
	-15.76
	1.17
	Less than 1.0E-04
	0
	1.17
	0
	1.17

	12 repetitions, Tsignalling = 2ms
	
	
	Less than 1.0E-04
	0
	1.17
	0
	1.17


Table 9 12.2kbps, Case3 30km/h, 2 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-16.77
	0.16
	5.3E-03
	0
	0.16
	1.5
	0.29

	30 repetitions, Tsignalling = 10ms
	-16.33
	0.6
	Less than 1.0E-04
	0
	0.6
	0
	0.6

	6 repetitions, Tsignalling = 2ms
	
	
	2.4E-02
	2
	1.04
	6.5
	2.17

	60 repetitions, Tsignalling = 10ms
	-15.76
	1.17
	Less than 1.0E-04
	0
	1.17
	0
	1.17

	12 repetitions, Tsignalling = 2ms
	
	
	5.6E-03
	0
	1.17
	1.5
	1.47


Table 10 12.2kbps, Case3 30km/h, 3 Node Bs with equal Îor/Ioc = 0dB, combined signalling 
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-17.17
	0.22
	Less than 1.0E-04
	0
	0.22
	0
	0.22

	30 repetitions, Tsignalling = 10ms
	-16.74
	0.65
	Less than 1.0E-04
	0
	0.65
	0
	0.65

	6 repetitions, Tsignalling = 2ms
	
	
	1.1E-03
	0
	0.65
	0.5
	0.7

	60 repetitions, Tsignalling = 10ms
	-16.16
	1.23
	Less than 1.0E-04
	0
	1.23
	0
	1.23

	12 repetitions, Tsignalling = 2ms
	
	
	2.4E-04
	0
	1.23
	0
	1.23


Table 11 12.2kbps, Case3 30km/h, 3 Node Bs with equal Îor/Ioc = 0dB, independent signalling 
	
	With 0.0dB power offset for the E-DCH signaling
	Power offset needed for (1% 
E-DCH signalling error rate
	Power offset needed for (0.1% 
E-DCH signalling error rate

	
	Average DPDCH_Ec/Ior required for 1% DTCH BLER, dB
	Increased Ec/Ior due to E-DCH signaling, dB
	E-DCH signalling error rate
	Power offset, dB
	Total signalling overhead, dB
	Power offset, dB
	Total signalling overhead, dB

	10 repetitions, Tsignalling = 10ms
	-17.17
	0.22
	1.5E-02
	0.8
	0.24
	2.5
	0.42

	30 repetitions, Tsignalling = 10ms
	-16.74
	0.65
	3.8E-04
	0
	0.65
	0
	0.65

	6 repetitions, Tsignalling = 2ms
	
	
	4.8E-02
	4
	1.41
	9
	4.11

	60 repetitions, Tsignalling = 10ms
	-16.16
	1.23
	Less than 1.0E-04
	0
	1.23
	0
	1.23

	12 repetitions, Tsignalling = 2ms
	
	
	1.5E-02
	0.8
	1.34
	6
	3.8


4. Conclusion

Link level simulation results in non-SHO and SHO cases were shown for a downlink structure, where signalling is time multiplexed into existing DPDCH. The increased Ec/Ior due to E-DCH signaling and E-DCH signalling error rate results shown in [2] for puncturing DPDCH in non-SHO case are similar to the results shown in this contribution. 

When signalling is embedded into DPDCH, there are less bits to transmit the data and higher power is needed for the data channels. At most 60 DPDCH bits per each radio frame (2 symbols/slot) can be used for E-DCH signalling in order to avoid clear performance degradation of the 12.2kbps DTCH. This is since that will mean around 30 % puncturing ratio for DPDCH, and typically in that percentage area puncturing starts to degrade the performance. With lower puncturing ratios, puncturing does not create performance degradance, but it is just a method to alternate between having power spread in time domain or increasing the power.  If adequate E-DCH signalling performance is not reached with the power needed to reach the DTCH BLER target, the E-DCH signalling bits need to be transmitted with higher power than the DTCH and DCCH bits. The total signalling overhead is affected by the number of DPDCH bits used for E-DCH signalling and power offset of these bits (compared to other DPDCH bits). 

If the puncturing ratio for DPDCH is kept below 30 % for DPDCH as we have assumed, we get following findings from the study: 

· The worst results were in the case with 3 Node Bs in the active set and independent signalling in Case1 3km/h:

· With 10ms signalling transmission time, the total signalling overhead would be around 3dB and with 2ms signalling transmission time, around 9dB  

· Higher than 10dB power offsets would be needed for low (< 30) repetition rates of the signalling bit.

Probably the power offset for EDCH signalling should be kept below around 6 dB, to ensure that not too high peak power levels are introduced. This means that with 10ms TTI it is easier to fit the signalling to the same code channel with DPDCH, carrying voice.

From the preliminary results shown in this paper for 50% ‘1’s and 50% ‘0’s and symmetric decision threshold the trend for the signalling performance, if signalling is embedded into DPDCH, is seen. With Tsignalling = 2ms, the overhead due to signalling is larger. The independent signalling in SHO would require a significant overhead especially if the signalling transmission time would be short (e.g. 2ms). However, for HARQ, probably further studies with a realistic ACK/NACK distribution and asymmetric decision threshold should be applied to find out the real signalling overheads. We will study this further. Also, the signalling error rates for independent signalling could be improved by calculating combined effect errors instead of independent errors. 

We will also study the performance of the code multiplexing alternative for transmitting the L1 downlink signalling for E-DCH and compare those results to the performance of the time multiplexing alternative. Both the performance from Ec/Ior point of view, and channelisation code utilisation point of view should be discussed before a conclusion should be reached on the preferred scheme.

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 multiplexed on existing channel. 
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