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1. Introduction

This document is a revision of R1-110665. The results that were incomplete in the first version have been updated. Additional figures that show the performance of HS-DCCH in SHO scenarios with and without CLTD have also been added. 
In TSG RAN#50, a work item [1] was opened to investigate the performance of uplink transmit diversity techniques (ULTD). For uplink closed loop transmit diversity (CLTD), both the single cell and soft handover scenarios should be evaluated. In this contribution, based on the precoded pilot channels structure, we evaluate both the link performance in terms of Rx gain and Tx gain, and the decoding performance of the HS-DPCCH channel.
2. Simulation Setups
2.1. Precoded Pilot channels structure
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Figure 2‑1: A precoded pilot channels structure
DPCCH1 is precoded with the stronger beamforming weight vector 
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where 
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, and the beamforming phase is denoted by 
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 . The scaled secondary pilot channel (α<=1) is precoded with the weaker orthogonal weight vector:
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Other control channels and data channels are precoded with the stronger beamforming weight vector as well. 
In this paper, the power scaling factor is set to α=0.7
Mostly, we follow the common link simulation assumptions [2] (Refer to Appendix A, B for details). Some special settings/considerations are listed below.

2.2. CLTD Related Setting
The serving Node B will determine the CLTD beamforming weight vector and feedback relevant information to the UE. In this paper, we focus on 1 bit phase only recursive feedback scheme [4] with per slot update, where feedback delay is 3 slots. The non-serving Node B just decodes the data packet as usual. 

To mitigate the impact of the phase discontinuity on the Node B receivers, we use the method of enhanced symmetric implementation [3].

In this paper, we modelled the actual downlink transmission, channel, and reception of the F-DPCH channel, which is used to carry TPC and CLTD phase information for the serving downlink (DL), and TPC only for the non-serving DL. Several points to be noted here:

1. There is no power offset between the TPC bit and phase bit in the CLTD case. 
2. The inner loop power control (ILPC) for F-DPCH channel is carried out only for the serving DL (target -19 dB).  The maximum Ec/Ior for the F-DPCH channel is -13 dB, and the minimum is -30 dB.

3. For the baseline SIMO, one receive antenna is used for DL reception. For CLTD, two receive antennas are used for DL reception.
2.3. Link Imbalance Setting

In this contribution, the following variables are defined.

IA->B : The imbalance between the two links from the UE to A and from the UE to B where A and B are the two NodeB’s in the active set. The UE is in soft handover.

GTx1->A : The antenna gain for the link from Antenna 1 (Tx1) to A which is the serving NodeB

GTx2->A : The antenna gain for the link from Antenna 2 (Tx2) to A which is the serving NodeB
GTx1->B : The antenna gain for the link from Antenna 1 (Tx1) to B which is the non-serving NodeB

GTx2->B : The antenna gain for the link from Antenna 2 (Tx2) to B which is the non-serving NodeB
These variables along with the simulation framework are shown in Figure 2-2.

The following assumptions on the links are made in this paper.
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Figure 2‑2:Simulation framework where the UE is in soft handover with Serving NodeB A and Non-Serving NodeB B
1. In this simulation, we assume all four antenna gain variables are equal to a constant.

2. Two downlinks are independent of each other, so are the two uplinks.

3. It is assumed that the path loss to the serving and non-serving NodeB’s are the same: IA->B = 0dB, i.e. no UL imbalance.
4.  Downlink imbalance is reflected in the geometry setting: 
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. In this simulation, we have two possible geometry settings:
a. g= 0 dB, then the serving downlink ( Ior,1 ) is 2.75 dB stronger than the non-serving downlink ( Ior,2 )
b. g= -2.75 dB, then the serving downlink ( Ior,1 ) is equally as strong as the non-serving downlink ( Ior,2 )
2.4. Uplink Power Control

Uplink power control in the soft handover simulation is implemented in the following way:

· The outer-loop set point reacts to CRC failures from both the NodeB’s. If one NodeB succeeds in decoding the packet while the second NodeB fails, the outer loop would consider it to be a successful decoding and the set point would be adjusted accordingly.

· The inner loop power control commands are generated independently from each NodeB based on the estimated received SIR at each NodeB.

· The UE transmit power level is adjusted according to the “or of downs” rule, i.e., the TPC commands transmitted from the serving and non-serving cells are combined using this rule.

3. Link Simulation Results
Performance metrics include the total received chip SNR (Rx Ec/No), and the total transmitted chip SNR (Tx Ec/No). Baseline means 1x2 SIMO in UL [2]. “S” denotes the serving link, and “NS” denotes the non-serving link.
3.1. HARQ Simulation
Table 1 and 2 summarize the result of baseline SHO simulation with geometry 0 dB and -2.75 dB respectively.
Table 1: Baseline SHO performance, geometry 0 dB
	
	UL-S
	UL-NS
	DL-S
	DL-NS
	Tx Ec/No

(dB)

	
	Rx Ec/No

(dB)
	BLER 

per link
	Rx Ec/No

(dB)
	BLER 

per link
	TPC feedback error
	TPC feedback error
	

	PedA 3 km/h
	-8.16
	48%
	-7.39
	39%
	3.5%
	12%
	-9.65

	VehA 30 km/h
	-6.98
	34%
	-6.86
	32%
	3.7%
	10%
	-9.63


Table 2: Baseline SHO performance, geometry -2.75 dB
	
	UL-S
	UL-NS
	DL-S
	DL-NS
	Tx Ec/No

(dB)

	
	Rx Ec/No

(dB)
	BLER 

per link
	Rx Ec/No

(dB)
	BLER 

per link
	TPC feedback error
	TPC feedback error
	

	PedA 3 km/h
	-8.01
	45%
	-7.76
	42%
	5.6%
	8.1%
	-9.83

	VehA 30 km/h
	-7.11
	34%
	-7.1
	34%
	5.7%
	5.9%
	-9.81


The reason we see higher Rx Ec/No for the non-serving DL (especially in the 0 dB geometry) is that DL-NS has higher TPC feedback error. Consider the following dominant error event. In the case of DL-S sending ‘up’ and DL-NS sending ‘down’, which means UL-NS has stronger UL at that moment, DL-NS feedback error may flip the TPC to be ‘up’ at the UE receiver. Such an event will boost the average UL-NS Rx Ec/No.
Another point to note is that per link BLER is much higher than 10% in all the cases. That is due to efficiency of ILPC.

Next two tables summarize the results of CLTD SHO simulation with geometry 0 dB and -2.75 dB respectively. 

Table 3:CLTD SHO performance, geometry 0 dB
	
	UL-S
	UL-NS
	DL-S
	DL-NS
	Tx Ec/No

(dB)

	
	Rx Ec/No

(dB)
	BLER 

per link
	Rx Ec/No

(dB)
	BLER 

per link
	TPC, Phase bit feedback error
	TPC, Phase bit feedback error
	

	PedA 3 km/h
	-7.6
	24%
	-8.47
	63%
	1.2%
	10%
	-11.15

	VehA 30 km/h
	-6.26
	22%
	-6.74
	44%
	1.7%
	8.7%
	-9.65


Table 4: CLTD SHO performance, geometry -2.75 dB
	
	UL-S
	UL-NS
	DL-S
	DL-NS
	Tx Ec/No

(dB)

	
	Rx Ec/No

(dB)
	BLER 

per link
	Rx Ec/No

(dB)
	BLER 

per link
	TPC, Phase bit feedback error
	TPC, Phase bit feedback error
	

	PedA 3 km/h
	-7.46
	23%
	-8.44
	63%
	2.0%
	6.6%
	-11.05

	VehA 30 km/h
	-6.42
	22%
	-6.83
	44%
	2.8%
	4.6%
	-9.41


Here, we typically see stronger UL-S than the UL-NS due to the beamforming effect (beamforming toward the serving cell only).
The following table summarizes the Rx gain and Tx gain results. To compute the Rx gains, we first add up two individual link Rx Ec/No (arithmetic mean), then take the difference between Baseline and CLTD. The reason for such a definition is that in the real system with multiple cells, the total rise-over-thermal (ROT) impact is a meaningful metric for performance comparison, instead of comparing impacts on the individual cell’s ROT.
Table 5: Comparison between Baseline SHO and CLTD SHO

	
	
	Total Rx Gain (dB)
	Tx Gain (dB)

	Geometry 0 dB
	PedA 3 km/h
	0.26
	1.5

	
	VehA 30 km/h
	-0.45
	0.02

	Geometry -2.75 dB
	PedA 3 km/h
	0.04
	1.22

	
	VehA 30 km/h
	-0.5
	-0.4


We can see that even in SHO, there is significant Tx gain for PedA 3 km/h channel and some Rx gain as well. However, for VehA 30 channel, there is either negligible Tx gain with 0 dB geometry or small loss for -2.75 dB geometry, and small Rx loss. We note here that for VehA 30 km/h channel, as in Annex B, the finger assignment is genie. With more realistic finger assignment (less fingers, etc), we expect to see better performance in VehA 30 km/h channel. Other conditions such as non-zero Tx correlation will help too.
3.2. Comparison to Active Set Size = 1 

Another interesting question to answer is whether in the soft handover region, we can simply limit active set size to 1, such that it’s serving cell only. We summarized the simulation results below (actual downlink is modelled in these single cell simulations).

Table 6: CLTD performance, Active set size =1, geometry 0 dB
	
	UL-S
	UL-NS
	DL-S
	DL-NS
	Tx Ec/No

(dB)

	
	Rx Ec/No

(dB)
	BLER 

per link
	Rx Ec/No

(dB)
	BLER 

per link
	TPC, Phase bit feedback error
	TPC, Phase bit feedback error
	

	PedA 3 km/h
	-7.66
	1%
	N/A
	N/A
	1.6%
	N/A
	-10.93

	VehA 30 km/h
	-6.03
	1%
	N/A
	N/A
	2.3%
	N/A
	-9.26


Table 7: CLTD performance, Active set size =1, geometry -2.75 dB
	
	UL-S
	UL-NS
	DL-S
	DL-NS
	Tx Ec/No

(dB)

	
	Rx Ec/No

(dB)
	BLER 

per link
	Rx Ec/No

(dB)
	BLER 

per link
	TPC, Phase bit feedback error
	TPC, Phase bit feedback error
	

	PedA 3 km/h
	-7.65
	1%
	N/A
	N/A
	1.8%
	N/A
	-10.91

	VehA 30 km/h
	-6.0
	1%
	N/A
	N/A
	2.2%
	N/A
	-9.21


The following table summarizes the Tx gain of CLTD with active set size 1 against CLTD with SHO. For all the scenarios considered, CLTD with active set size 1 needs more Tx power. Thus we recommend keeping the soft handover in the CLTD operation.
Table 8: Comparison between CLTD single cell and CLTD SHO

	
	
	Tx gain (dB)

	Geometry 0 dB
	PedA 3 km/h
	-0.22

	
	VehA 30 km/h
	-0.39

	Geometry -2.75 dB
	PedA 3 km/h
	-0.14

	
	VehA 30 km/h
	-0.2


3.3. HS-DPCCH simulation 

We evaluate the decoding performance of HS-DPCCH channel in soft handover scenarios. Geometry is set to be  -2.75 dB or 0 dB. Performance metrics include the following
· P( (ACK -> NACK||DTX) )

· Probability of miss detection or decoding error

· Probability of CQI decoding error
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From these figures (geometry = -2.75 dB), we can see that with the same power ratio (C2P) of HS-DPCCH to DPCCH1, the Ack/nack detection and CQI decoding performance is much better in the CLTD case than that in the Baseline case for PedA 3 km/h channel, and better in CLTD for the VehA 30 km/h channel too. That’s expected for PA3 channel since
1. from Table 2 vs 4 we know that the Rx Ec/No in the serving UL is much stronger in the CLTD case and Rx Ec/No is equivalent to RAKE SNR for this single path like channel.
2. Outage performance for CLTD is much better than that of Baseline, due to the improvement in the diversity order (not significant in VA 30 since it’s a richly multipath channel)
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From these figures (geometry = 0 dB), we can see that with the same power ratio (C2P) of HS-DPCCH to DPCCH1, the Ack/nack detection and CQI decoding performance is much better in the CLTD case than that in the Baseline case for PedA 3 km/h channel, and slightly better in CLTD for the VehA 30 km/h channel too.

Therefore, the HS-DPCCH in the serving UL is well protected in the CLTD, and it actually potentially leaves some margin to operate the HS-DPCCH channel with lower C2P. 
4. Conclusions

Some initial results on the study of CLTD in soft handover scenarios are provided in this paper. We observe that with CLTD in SHO, against Baseline SHO,
· In the PedA 3 km/h channel, 1.22 dB and 1.5 dB Tx power gains are observed with Geometry -2.75 dB and 0 dB respectively. Furthermore, there is some Rx power gain as well.

· For VehA 30 km/h channel, with the particular finger assignment we have (see Annex B), we either see negligible gain or small loss in Tx power (dependent on geometry). There is small Rx loss too.

Compared to CLTD without SHO (active set size = 1), CLTD with SHO has gains in all the cases we studied.

In terms of the quality of HS-DPCCH channel in the CLTD operation, we observe that

· With the same C2P, the Ack/Nack detection and CQI decoding performance is better in the CLTD scenario than that in the Baseline scenario, especially for PA3 channel.
We suggest some further study on

· More combinations of link imbalance, antenna imbalance etc to evaluate the performance of CLTD in SHO. 

· A possible direction worthy of further investigation is to signal the beamforming information (i.e. PCI) to the non-serving Node B, and let that Node B to be involved in the decision of beamforming weight vector. 
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6. 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


7. 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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