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1 Introduction

In RAN1#63bis a working assumption was made that the serving cell determines the PCI feedback for UL CL TxD. In RAN1#64, it was agreed that relevant simulation results should be made available (e.g. including HS-DPCCH quality) by 8th April for subsequent email discussion.

This contribution investigates the effect of various closed loop uplink transmit diversity beamforming schemes under soft handover in order to resolve this question.
2 Discussion of Alternatives
In closed loop UL TxDiv, a UE receives BF weight feedback from NB and applies them in the following few slots.  These BF weights are based on the link between a UE and a cell.  In the current working assumption, only the serving cell determines and provides feedback to the UE and hence the BF weights used at the UE are only optimised for the serving cell.  A UE in SHO will communicate with several cells, that is, in addition to its serving cell it also needs to communicate with its non-serving cells.  Since BF weights are only optimised for the serving cell, the non-serving cells will suffer from a degraded link.  It is possible that the gain obtained from BF is less than that that can be achieved by SHO.  Several contributions have raised this issue.
A preliminary investigation is performed on this issue.   Here three alternative feedback generationschemes are considered:

1. “Simple beamforming”: PCI feedback is always determined by the serving cell alone. 

2. “SHO Control”: The UL TxDiv is turned off, that is the UE will use only its main transmit branch when the difference between the received CPICH of its serving cell and any of the non-serving cells (in softer HO) is within a threshold, TSHO.  The rationale behind this is that if the radio links between the serving and non-serving cells are close, the UE may obtain a higher gain via softer HO than via beamforming to a single cell.  In this investigation a threshold TSHO = 1 dB was selected.  This assumes that the UE will get close to 3 dB gain from softer HO, which is larger than majority of the gains obtained from BF.

3. “Majority control”: The non-serving cells provide BF feedback to the UE as well as the serving cell. The rationale here is that the UE adapts its beamforming to the majority of cells taking into account their strength. The UE weights each radio link from all cells in the Active Set.  The weight Wx for cell x is calculated as follows:
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where Px is the CPICH power received at the UE for cell x, AS is the set of cells in the UE’s Active Set.  Each feedback is weighted by Wx and the feedback index that has the highest count will be used by the UE.  For example if the AS contains Cell 1, Cell 2 and Cell 3 with the following parameters:

Cell 1: W1 = 0.4, BF Index = 3

Cell 2: W2 = 0.3, BF Index = 5

Cell 3: W3 = 0.3, BF Index = 5

In this example, the BF Index = 3 has a count of 0.4 whilst the BF Index = 5 has a count of W2 + W3 = 0.6.  Hence the UE will use BF Index 5.  
In this scheme, it is assumed that the UE feeds back the BF weight index used (e.g. via S-DPCCH).  

3 Simulation Assumptions

The simulation assumptions follow those in [1] and they are listed in Table 6 in the Appendix.  Additional assumptions or parameters that should be noted are listed here:

Table 1: System level simulation parameters

	Parameter
	Value

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	Channel Model
	PA3

	TSHO (dB)
	0

	Number of UE per Sector
	4

	CLTD Codebook Size
	8

	CLTD Feedback Bit Error Rate
	2%


4 Simulation Results

The RoT and NB throughput gains (over no transmit diversity scheme) are shown in Table 2.

Table 2: Gains at the NB

	Item
	Scheme
	NB RoT (dB)
	NB Rate (%)

	 
	 
	Avg
	90%
	Avg
	90%

	1
	BF Simple
	-0.60
	-0.93
	19%
	9%

	2
	BF SHO Ctrl (1 dB)
	-0.50
	-0.71
	18%
	12%

	3
	BF Majority
	-0.59
	-0.94
	19%
	9%


The UE Tx power gains (over no transmit diversity scheme) are shown in Table 3.

Table 3: UE Tx Power Gains (dB)

	Scheme
	SHO
	Softer HO

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	BF Simple
	-1.32
	-1.50
	-1.39
	-1.21
	-1.34
	-1.32
	-1.40
	-0.94

	BF SHO Ctrl (1 dB)
	-1.12
	-1.31
	-1.13
	-1.05
	-1.02
	-1.25
	-1.01
	-0.70

	BF Majority
	-1.25
	-1.35
	-1.24
	-1.14
	-1.25
	-1.03
	-1.19
	-0.82


The UE throughput gains (over no transmit diversity scheme) are shown in Table 4.
Table 4: UE Throughput Gains (%)

	Scheme
	SHO
	Softer HO

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	BF Simple
	21.9%
	1.7%
	79.3%
	10.0%
	17.9%
	2.4%
	73.3%
	6.3%

	BF SHO Ctrl (1 dB)
	22.4%
	0.7%
	64.7%
	12.9%
	21.1%
	2.1%
	56.6%
	13.3%

	BF Majority
	23.3%
	2.6%
	80.1%
	13.0%
	19.7%
	2.7%
	73.7%
	10.2%


The HS-DPCCH is only received at the serving cell. Therefore any scheme which determines the beamforming differently from the serving cell has the potential to affect the HS-DPCCH performance. In Table 5 we show the effect of schemes 2 and 3 on the HS-DPCCH SNR, relative to the beamforming being controlled by the serving cell (scheme 1). 
Table 5: Received HS-DPCCH gain over the Simple BF scheme (dB)

	Scheme
	SHO
	Softer HO

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	BF SHO Ctrl (1 dB)
	-0.02
	-0.04
	0.00
	-0.02
	-0.07
	-0.15
	-0.04
	-0.04

	BF Majority
	-0.11
	-0.25
	-0.08
	0.00
	-0.16
	-0.34
	-0.13
	-0.02


From the results, there is negligible impact on the received HS-DPCCH SNR. Therefore this is not an issue from the point of view of selecting which cell generates the feedback. 
5 Conclusion
The effect of UL TxDiv in SHO is investigated using a system simulation.  
Three schemes are considered. 

Small throughput gains are observed from either switching off beamforming when the next-best cell is within 1dB of the serving cell, or from setting the beam according to a weighted majority of the preferences of the cells in the active set. 

Negligible impact is observed on the HS-DPCCH received SNR from taking into account the preferred beams of non-serving cells.
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7 Appendix
The simulation assumptions used are based on those in [1] and are summarised in Table 6.
Table 6: System level simulation parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,   Am= 20 dB

The parameter   is the electrical antenna downtilt. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5 m.


	Channel Model
	PA3

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle

	H-ARQ operating point
	ACK [dB]

	Number of Rx Antennas
	NACK [dB]

	UE Rx Antenna Correlation†
	CQI [dB]

	Channel Encoder
	Pr[ACK]/Pr[NACK]

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	4 (Full Buffer Traffic)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

Other channel estimation algorithms if used should be indicated

	NodeB Receiver Loss due to CLTD algorithms
	No Rx Loss is modelled

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake 

2ms TTI,Max # of trans =4,Target BLER=10% after 1st trans for EQ(*)

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (Note 1)
	0

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0

	UE Rx Antenna Correlation
	0


� EMBED Equation.3  ���
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