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1. Introduction

As is said in the Work Item title, the FDD Enhanced Uplink work is seeking for improvements in the WCDMA uplink. However all the enhancement techniques within the scope of the WI will set new requirements for the downlink signalling thus potentially introducing a capacity penalty for the downlink. Understandably a cell with the FDD Enhanced Uplink features activated may not imply a significantly degraded the downlink capacity when comparing to R'5 downlink. Due to this it should be obvious that the design of the FDD Enhanced Uplink features should place a strong emphasis in minimizing the impact to the downlink.

In this document we investigate the downlink rate grant (UP / KEEP / DOWN) signalling for the scheduling with 10 ms and 2 ms TTI length for 1% error probability. Whether this or some other error probabilities are needed is a topic of another discussion. 

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
	Pedestrian A 3 km/h modified
Vehicular A 30 km/h modified
	See Table 2

	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
	Repetition
	

	SF for channel carrying signalling
	128
	

	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 
	


The propagation conditions are given in Table 2. 

Table 2: Propagation Conditions

	Pedestrian A modified, speed 3km/h
	Vehicular A modified, speed 30 km/h

	Relative Delay [ns]
	Relative mean Power [dB]
	Relative Delay [ns]
	Relative mean Power [dB]

	0
	0.0
	0
	0.0

	260
	-12.5
	260
	-2.4

	
	
	521
	-6.5

	
	
	781
	-9.4

	
	
	1042
	-12.7


In the soft handover, only the Node B in the active set with highest average Îor/Ioc (i.e., with best downlink) sends the RG (UP/KEEP/DOWN). 

1% error rate target has been considered for UP to KEEP, KEEP to UP, DOWN to KEEP and KEEP to DOWN errors.

Code multiplexed signalling

Signalling for multiple UEs is multiplexed on a same shared code channel with spreading factor 128 by allocating 40 bits long Hadamard sequences to identify and carry signaling for each UE (i.e. code multiplexing). One Hadamard sequence is transmitted per slot per UE and the slot is repeated over the signalling period (3 and 15 repetitions for 2 ms and 10 ms TTI respectively). The signalling is power controlled. The power control is done on DPCH and different initial powers are set for the signalling code channel (different power offsets to DPCH) to achieve different signalling error rates. For the other UE signalling, the initial power for each UE is randomly set 0dB – 6dB above the monitored UE initial power and during the simulation, the powers are changed randomly 1dB up/down. If there is not enough power available after DPCH and common channels, other UE signalling power is decreased.

Time multiplexed signalling

Time multiplexed solution explained and discussed in [1]: 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.

3. Simulation Results

3.1 Code multiplexed signalling

3.1.1 Background

The simulation results are shown as Ec/Ior required for the target signalling error rate. The Ec/Ior values can be directly transformed into one UE required power percentage of the total transmission power of a Node B. Some example values are shown in Table 3 with corresponding power percentage of the total transmission power of a Node B required for 10, 20 and 40 UE signalling. Ec/Ior = -20dB means that 10% of the total transmission power would be needed for 10 UEs RG signalling. 10% of the total Node B transission power could be considered to be too high to be used only for RG signalling transmission. 

Table 3: Ec/Ior as percentage of the Node B total transmission power

	Ec/Ior, dB
	One UE signalling tx power of the Node B total tx power
	10 UEs signalling tx power of the Node B total tx power
	20 UEs signalling tx power of the Node B total tx power
	40 UEs signalling tx power of the Node B total tx power

	-45
	0.003%
	0.03%
	0.063%
	0.126%

	-40
	0.010%
	0.10%
	0.200%
	0.400%

	-35
	0.032%
	0.32%
	0.632%
	1.265%

	-30
	0.100%
	1.00%
	2.000%
	4.000%

	-25
	0.316%
	3.16%
	6.324%
	12.648%

	-20
	1.000%
	10.00%
	20.000%
	40.000%

	-15
	3.162%
	31.62%
	63.24%
	Not possible

	-10
	10.000%
	100%
	Not possible
	Not possible


3.1.2 Simulation results 

In Table 4, the required peak Ec/Ior for 1% RG error rate is shown for single cell and SHO cases with 10ms and 2ms Tsignalling, when signalling is code multiplexed with other signalling into a shared code channel. Less than 5% of the Node B total tx power is required for one UE in all shown cases for 2ms Tsignalling and less than 1% is required for 10ms Tsignalling.

Average required Ec/Ior for signalling depends on the amount of DTX, i.e., KEEP: if 50% of the RGs would be KEEPs, average Ec/Ior would be 3dB lower than the instantaneous Ec/Ior.
Table 4 Instantaneous Ec/Ior required for 1% signalling error rate, when signalling is received only from the Node B with highest average Îor/Ioc.
	Tsignalling
	Ec/Ior (dB) required for 1% UP to KEEP, KEEP to UP, DOWN to KEEP and KEEP to DOWN error rate

	Single cell, Îor/Ioc = 0dB, Pedestrian A 3 km/h

	10ms
	-29.6

	2ms
	-18.9

	Single cell, Îor/Ioc = 0dB, Vehicular A 30 km/h

	10ms
	-31.2

	2ms
	-20.5

	Single cell, Îor/Ioc = 6dB, Pedestrian A 3 km/h

	10ms
	-34.9

	2ms
	-24.5

	Single cell, Îor/Ioc = 6dB, Vehicular A 30 km/h

	10ms
	-34.9

	2ms
	-26.2

	2-way SHO, 0 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 0dB, Pedestrian A 3 km/h

	10ms
	-20.3

	2ms
	-13.1

	2-way SHO, 0 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 0dB, Vehicular A 30 km/h

	10ms
	-26.5

	2ms
	-19.2

	2-way SHO, 3 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 3dB, Pedestrian A 3 km/h

	10ms
	-25.0

	2ms
	-17.2

	2-way SHO, 3 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 3dB, Vehicular A 30 km/h

	10ms
	-30.0

	2ms
	-21.9


3.2 Time multiplexed signalling

3.2.1 Background

The Ec/Ior values can be directly transformed into one UE required power percentage of the total transmission power of a Node B. Some example values are shown in Table 5.

Table 5 Ec/Ior as percentage of the Node B total transmission power 

	Instantaneous (peak) Ec/Ior, dB
	Instantaneous one UE signalling tx power of the Node B total tx power
	Average Ec/Ior, dB
	Average one UE signalling tx power of the Node B total tx power

	
	
	30bits/10ms
	60bits/10ms
	30bits/10ms
	60bits/10ms

	-40
	0.010%
	-53
	-50
	0.0005%
	0.001%

	-35
	0.032%
	-48
	-45
	0.0015%
	0.003%

	-30
	0.100%
	-43
	-40
	0.005%
	0.010%

	-25
	0.316%
	-38
	-35
	0.016%
	0.032%

	-20
	1.000%
	-33
	-30
	0.050%
	0.100%

	-15
	3.162%
	-28
	-25
	0.158%
	0.316%

	-10
	10.000%
	-23
	-20
	0.500%
	1.000%

	-5
	31.623%
	-18
	-15
	1.581%
	3.162%


3.2.2 Simulation results 

In Table 6, the required peak Ec/Ior for 1% RG error rate is shown for single cell and SHO cases with 10ms Tsignalling, when signalling is code multiplexed with other signalling into a shared code channel. The Ec/Ior required for 1% 12.2kbps DTCH BLER is also shown. In single cell, lower instantaneous Ec/Ior is needed for signalling than for DTCH. In SHO with pedestrian A 3km/h, higher instantaneous Ec/Ior is needed for signalling than for DTCH. With 60 repetitions, 10dB higher instantaneous Ec/Ior is required than in case of code multiplexed signalling (with 600 bits / Tsignalling). With 30 repetitions, 3 dB higher instantaneous Ec/Ior is required than with 60 repetitions.
Table 6 Instantaneous Ec/Ior required for 1% signalling error rate and 1% BLER for 12.2kbps DTCH, when signalling is received only from the Node B with highest average Îor/Ioc
	Tsignalling/repetitions
	Ec/Ior (dB) required for 1% 12.2kbps DTCH BLER
	Ec/Ior (dB) required for 1% UP to KEEP, KEEP to UP, DOWN to KEEP and KEEP to DOWN error rate

	Single cell, Îor/Ioc = 0dB, Pedestrian A 3 km/h

	10ms / 30
	-17.1
	-16.2

	10ms / 60
	-16.7
	-19.1

	Single cell, Îor/Ioc = 0dB, Vehicular A 30 km/h

	10ms / 60
	-14.5
	-21.4

	Single cell, Îor/Ioc = 6dB, Pedestrian A 3 km/h

	10ms / 30
	-18.0
	-21.5

	10ms / 60
	-17.7
	-24.7

	Single cell, Îor/Ioc = 6dB, Vehicular A 30 km/h

	10ms / 60
	-17.4
	-24.3

	2-way SHO, 0 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 0dB, Pedestrian A 3 km/h

	10ms / 30
	-17.1
	-5.7

	10ms / 60
	-16.7
	-8.6

	2-way SHO, 0 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 0dB, Vehicular A 30 km/h

	10ms / 60
	-16.2
	-15.7

	2-way SHO, 3 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 3dB, Pedestrian A 3 km/h

	10ms / 30
	-18.0
	-10.6

	10ms / 60
	-17.7
	-14.0

	2-way SHO, 3 dB imbalance, Îor/Ioc1 = 0dB & Îor/Ioc2 = 3dB, Vehicular A 30 km/h

	10ms / 60
	-16.8
	-19.8


4. Discussion

For scheduling RG (UP / KEEP / DOWN) signalling with 1% error rate target were shown. In soft handover the results have been shown for the case, where signaling is transmitted by the Node B with highest average Îor/Ioc. 

In case of signalling for several UEs are code multiplexed into a single code channel, the peak power increases, when the signalling is transmitted simultaneously to several UEs. For one RG transmission, higher peak power is required with time multiplexing than with code multiplexing (with same spreading factor, if 10% of the physical code channel bits would be used for 1 signalling bits transmission, 10dB higher instantaneous power would be required than with code multiplexed signaling), but the average power is the same for both multiplexing methods. If ACK/NACK for HARQ would be transmitted code multiplexed on a separate code channel, it would be easy to transmit RG on the same code channel also.   

5. Conclusion

In this paper, simulation results for time and code multiplexed rate grant (UP / KEEP / DOWN) signalling with 1% error rate target in downlink were shown. Time multiplexed signalling requires higher peak power for one RG transmission than code multiplexed signalling. If ACK/NACK for HARQ would be transmitted code multiplexed on a separate code channel, it would be easy to transmit RG on the same code channel also.
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