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1
Introduction

Accurate decoding of the TPI bits that are transmitted from the NodeB to indicate the beam to be used at the UE is crucial for the realization of CLTD gains. Since the TPI bits are transmitted on the F-TPICH channel, the quality of this channel should be maintained.

In this document, we consider the benefits if the F-TPICH was to be transmitted from both the serving and non-serving cells in the radio link set (RLS). The UE is in softer handover between the two cells. Link simulation results were performed to evaluate the gains obtained in this case and a proposal is made to allow the transmission of the F-TPICH from both links in the serving NodeB.

2
Discussion
It has been agreed in previous RAN1 meetings that the F-TPICH is transmitted only from the serving cell. However, the benefits of the transmission of the F-TPICH from the non-serving cell when the non-serving cell is in the radio link set (RLS) have not be analyzed. In the following, we show link simulation results detailing the gains when the F-TPICH is transmitted from 2 cells in the RLS.
2.1
Simulation Scenario
The simulations in this document have been conducted for the scenario where the UE is in softer handover between the serving and the non-serving cell – both cells being part of the serving NodeB. The beam that is generated, however, is only based on channel sounding at the serving cell, i.e., the applied beam at the UE maximizes the SNR at the serving cell only.
In this simulation, both the uplink and downlink have been modelled with the UE being in softer handover with two cells. Consequently, both the serving and the non-serving cells are aware of the TPI commands that are to be transmitted to the UE. Similar to the transmission of the TPC commands, both the serving and non-serving cells could transmit the same TPI commands to the UE. The UE would then be able to soft-combine the TPI commands. This ensures the reliability of the reception of the TPI which is essential to realise CLTD gains. Note that the F-FDPCH channel is also combined across both the cells and the DL TPC commands generated by the UE are based on the combined SNR on the F-DPCH channel. Additionally the TPC commands that are applied at the UE are decoded after soft-combining the F-DPCH channel. 
On the uplink, the received data channels are de-modulated de-spread and the data channels are soft combined using MRC combining before decoding. The TPC commands that are received on the DPCCH are also soft combined in order to decode the DL TPC that are to be applied at the serving and non-serving cells. The UL TPC commands that are to be transmitted on the downlink F-DPCH channels are also derived from the combined DPCCH SNR after comparing it to the setpoint. 
A comparison is made between the case when the F-TPICH is transmitted only from the serving cell and the case where the F-TPICH is transmitted from both the serving and non-serving cells. Note that in both of the cases, the F-DPCH and he UL data channels are all soft combined since the UE is in softer handover. The detailed link simulation assumptions are shown in the next section and the results of the simulation follow in Section 4. 

3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the RAN1 agreements that were made in [1]. They are repeated in Annex A. The power delay profiles of the simulated channels and the associated finger allocations are shown in Annex B. The assumptions that specifically pertain to the simulation of CLTD are shown in Table 1. 

Table 1: CLTD specific link level simulation assumptions 
	Parameter
	Value

	S-DPCCH/DPCCH Ratio [dB]
	-3dB

	Beamforming
	Enhanced Symmetric

	PCI Codebook
	2bit phase only

	CLTD Feedback Type
	Direct Feedback

	Target CLTD Feedback Error Rate 
	2%

	CLTD Feedback Update Rate
	3 slots

	CLTD Feedback Delay
	3 slots

	Channel estimation for beam selection
	Cumulative: up to 4-slot with filter weights

[0.4 0.3 0.2 0.1]


Since this simulation has both uplink and downlink aspects, the assumptions pertaining to DL transmissions are given in Table 2.

Table 2: Downlink specific link level simulation assumptions 
	Parameter
	Value

	Geometry
	Serving Cell: -3dB 

	
	Non-Serving Cell: -3dB 

	Number of Rx Antennas on the DL
	1

	DL Link Imbalance 
	0dB 

	UL Link Imbalance 
	0dB 

	F-DPCH Target
	-19dB 

	F-DPCH max Ec/Ior 
	-13dB 

	F-DPCH min Ec/Ior 
	-30dB 


3.1
Additional Simulation Aspects
3.1.1
Transmit F-TPICH Ec/Ior

The required transmit F-TPICH Ec/Ior to meet a target F-TPICH error rate is compared between the two schemes. The transmit F-TPICH Ec/Ior is computed as follows:

Transmission from Serving Cell only:
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Transmission from both Serving and Non-Serving Cells:
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3.1.2
Geometry
The geometry at the UE is computed below. 

[image: image3.wmf](

)

2

2

0

2

2

0

2

1

1

1

;

G

I

I

G

I

N

I

G

Ior

N

Ior

Ioc

Ioc

Ior

G

OC

OC

OC

OC

-

=

×

-

=

×

=

+

=

=


Where 
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is the geometry with reference to the serving cell, 
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is the geometry with reference to the non-serving cell, 
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are the total transmit powers from the serving and non-serving cells and is 
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the noise variance.
4
Simulation Results
Figures 1-2 show the F-TPICH bit error rate as a function of the transmit F-TPICH Ec/Ior for both the schemes for the PA3 and the VA30 channels.
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Figure 1: F-TPICH bit error rate; PA3
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Figure 2: F-TPICH bit error rate; VA30


In Figures 1 and 2, the blue line corresponds to the case where the F-TPICH is transmitted only from the serving cell and the red line corresponds to the case where the F-TPICH is transmitted from both the serving and non-serving cells. 

Table 3 shows the gains obtained from the transmission of the F-TPICH from both the serving and non-serving cells.

Table 3: Gains in Transmit Ec/Ior for the two schemes
	Channel
	Gain in Transmit F-TPICH Ec/Ior for a target F-TPICH bit error rate = 2%

	PA3
	6.13dB

	VA30
	2.3dB


Observations
We can make the following observations from Figures 1 and 2 and Table 3.
· The gains from transmission of the F-TPICH from both the serving and non-serving cells is significant.

· The gains in the transmit F-TPICH Ec/Ior increase as the target F-TPICH BER decreases. This is because of the tail distribution of the channel. 

· The gains seen in the PA3 channel at a BER of 2% are higher than that of the VA30 cannel. This is because of the better diversity characteristics seen by the VA30 channel.

From the results and observations, it is seen that there are significant gains in transmit F-TPICH Ec/Ior that can be obtained if the F-TPICH is transmitted from both serving and non-serving cells if they are part of the Serving NodeB.

Proposal: The F-TPICH is transmitted from all the links in the Radio Link Set at the Serving NodeB.
5
Conclusions

In this contribution, link simulations were conducted to evaluate the benefit of transmitting the F-TPICH from both the serving and non-serving cells when the UE is in softer handover with both the cells. Significant gains were observed for both the PA3 and VA30 channels and therefore, the following proposal is made:

Proposal: The F-TPICH is transmitted from all the links in the Radio Link Set at the Serving NodeB.
6
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Annex A

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	-3

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempts

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation for data demodulation
	Non-causal 4-slot with filter weights 
[0.4 0.3 0.2 0.1]

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	~4 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


Annex B

The multipath channel delay profiles and associated finger allocations are shown below for:

ITU Pedestrian A Speed 3km/h (PA3)
	Relative Mean Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Relative Delay [ns]
	0
	110
	190
	410

	Relative Delay [Tc/8]
	0
	3
	6
	13

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	Not Assigned
	Not Assigned


ITU Vehicular A Speed 30km/h (VA30)
	Relative Mean Power [dB]
	0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0

	Relative Delay [ns]
	0
	310
	710
	1090
	1730
	2510

	Relative Delay [Tc/8]
	0
	10
	22
	33
	53
	77

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	10
	22
	33
	Not Assigned
	Not Assigned
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