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1. Introduction

In paper [1], the CLTD performance was evaluated where the serving Node B determines the beamforming weight vector. In this paper, we further evaluate the CLTD performance where both serving and non-serving Node B determine the beamforming vector for their own uplinks and UE selects one of the PCIs to use in uplink beamforming. The analysis presented here is based on both numerical evaluation and link simulation..
2. Two Design Principles
2.1. PCI determination by serving Node B

In this design principle, serving Node B decides the beamforming weight vector and sends back PCI to UE. The precoded pilot channels structure will be used by UE. The non-serving Node B just decodes the data packet, and is not involved in the beamforming determination process.
Since UE always beamforms toward the serving cell, the uplink quality of HS-DPCCH channel is at least as good as the baseline SIMO soft handover scenario [1].
2.2. PCI determination involving both Node B
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Figure 1: Another Design Principle for CLTD in Soft Handover
In the second design principle (Figure 1), both Node B receivers run the CLTD beamforming weight determination algorithm and send back PCI information to UE on both downlinks (DL-S and DL-NS). In the genie case, the SNR metrics corresponding to the selected beamforming weight vector in each Node B are sent to UE as well. Based on these two metrics, UE selects the PCI corresponding to the stronger SNR. The idea is for UE to beamform toward the cell with stronger uplink. In reality, UE can utilize the received TPC information to choose the PCI to be used.
Since both the serving Node B (NB-S) and non-serving Node B (NB-NS) need to determine the beamforming weight vector for their uplinks, there are two possible pilot structures to be used by UE. The first one is still the precoded pilot channels structure, where both the primary pilot channel and the secondary pilot channel are precoded. Unlike in the first design principle (serving cell only), each Node B can’t know the PCI selected by the UE in time (RNC involvement may lead to long delay). Thus it’s necessary for UE to transmit the PCI selection on the uplinks. Such a PCI signalling could be unreliable for both serving uplink and non-serving uplink, when both uplinks have similar path loss. Therefore, we believe this is not a viable pilot structure for the 2nd design principle.
A more reliable pilot structure for the 2nd design principle is shown in Figure 2. There are three pilot channels, two of which are non-precoded, and the third one is precoded. Based on DPCCH1 and DPCCH2, each Node B receiver can directly estimate the physical channel elements (of each transmit and receive antenna pair),and use them to determine the beamforming weight vector. For channel estimation of the composite channel (seen by data and control channels), DPCCH3 can be used. The downside for this pilot channels structure is that overhead is increased due to the third pilot.
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Figure 2: Another pilot channels structure
A problem associated with the 2nd design principle is that the PCI feedback in the non-serving downlink F-DPCH channel may be un-reliable, since the F-DPCH power control is only based on the serving downlink.

Next, we will compare the performance of CLTD of both design principles under some idealized assumptions.
3. Numerical Result

In this section, we establish an upper bound on the Tx power gain achievable by both design principles. We assume i.i.d. Rayleigh fading single path channels for both uplinks.
For the baseline 1x2 SIMO, due to ‘or of down’ power control rule, the effective uplink channel gain is
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where the superscripts of the fading channel variables indicate the uplinks. The difference (dB) in the average power of the channel elements between the non-serving uplink and serving uplink is defined as the uplink imbalance.
For the 2x2 MIMO channel, the CLTD with the first design principle sees the effective uplink channel gain of
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where the variable 
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indicates the serving uplink channel matrix. The CLTD with the 2nd design principle sees the effective uplink channel gain of
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For each scheme, we assume the uplink power control can instantaneously invert the respective effective channel gain to reach the outer loop SNR target. Then, via numerical computation, we can obtain the average Tx power for each scheme and arrive at the following Tx power gain curve. We note the 2 bit phase quantization (with equal transmit power on two Tx antennas) is used for CLTD.
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Figure 3: The Tx Power Gain Curves for CLTD in Soft Handover
From Figure 3, we can see that when the UL link imbalance is negative (serving UL is stronger than non-serving UL), the relative gain of the 2nd design principle (‘serving + non-serving’) over the 1st design principle (‘serving cell only’) is diminishing as the imbalance becomes more negative. On the other hand, as the imbalance becomes positive, the relative gain becomes larger and is eventually saturated at 3.5 dB, which corresponds to the single cell CLTD gain with 2 bit phase feedback.

We emphasize that the relative gain obtained via numerical evaluation serves as an upper bound, since CLTD with the second design principle may suffer more from additional overhead and worse downlink feedback reliability.
4. Link Simulation Setup

Link level simulation was done to evaluate the performance of both designs. Mostly, we follow the common link simulation assumptions (Refer to Appendix A for details). Some special settings/considerations are listed below.

4.1. CLTD Related Setting
In this paper, we focus on 2 bit phase only direct feedback scheme with per slot update, where feedback delay is 3 slots. To mitigate the impact of the phase discontinuity on the Node B receivers, we use the method of enhanced symmetric implementation [2].

To simplify the evaluation of CLTD with the 2nd design principle, we made the following idealized assumptions for CLTD schemes of both design principles
1. Ideal beamforming phase determination at serving Node B and ideal phase feedback on serving DL for the first design principle
2. Ideal beamforming phase determination at both Node Bs and ideal phase feedback on both DLs for the second design principle, and UE knows ideally which UL has stronger beamforming SNR.
3. Ideal TPC transmission on both DLs.

4.2. Link Imbalance Setting

1. There is no antenna imbalance.
2. Serving and non-serving downlink are balanced, i.e. same path loss. Downlink geometry is -3 dB.
3. Uplink imbalance (the path loss of serving UL minus the path loss of non-serving UL) is swept from -6 dB to 6 dB. Positive number indicates stronger non-serving UL.
4.3. 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.

5. Link Simulation Results
Channel estimation for data demodulation is either ideal or practical. Channel model is single path Rayleigh fading 3 km/h. The reason we simulate this channel is that it is a strictly single path channel model, thus aligned with the channel model assumed in the numerical evaluation above.
For simplicity, we use ‘CLTD1’ and ‘CLTD2’ to denote the CLTD schemes for the 1st design principle and 2nd design principle respectively. In Table 1, we summarize the difference in Tx power (Tx Ec/No), serving UL Rx Ec/No, and total UL Rx Ec/No (sum of two ULs) between CLTD1 and CLTD2, without considering the possible HS-DPCCH power compensation and additional 3rd pilot channel in CLTD2.
Table 1:The difference in various metrics between CLTD1 and CLTD2
	
	UL Imbal. (dB) 
	-6 
	-3
	0 
	3 
	6 

	Genie prediction
	Tx Power
(dB)
	0.09 
	0.29
	0.77 
	1.47 
	2.21 

	Ideal Demod Channel est.


	Tx Power
(dB) 
	-0.15 
	-0.15
	0.3 
	1.3 
	2.5 

	
	UL-S Rx
(dB)
	-0.15 
	-0.1
	0.6 
	2.05 
	3.8 

	
	Total UL Rx
(dB)
	-0.22 
	-0.32
	-0.14 
	0.72 
	1.2 

	Practical Demod. Channel est.
	Tx Power
(dB) 
	-0.15 
	-0.3
	0.3 
	1.3 
	2.3 

	
	UL-S Rx
(dB)
	-0.18 
	-0.24
	0.6 
	2.06 
	3.5 

	
	Total UL Rx
(dB)
	-0.24 
	-0.49
	-0.09 
	0.51
	1.04 


From Table 1, we can see that when the UL link imbalance increases, UL-S becomes weaker in CLTD2. This can be explained by the following statistic.

Table 2: Percentage of UL-NS PCI selection by UE

	UL Imbal. (dB)
	-6
	-3
	0
	3
	6

	Percent of UL-NS PCI selection by UE
	4%
	  18%
	        50%
	         82%
	        96%


To protect the HS-DPCCH reliability at the serving Node B receiver, we shall boost the HS-DPCCH channel when there is positive UL link imbalance in CLTD2. Additionally, we can further count in the Tx power from the 3rd pilot channel which may be used to implement CLTD2. Then we get the following table.
Table 3: The Tx power difference between CLTD1 and CLTD2
	
	UL Imbal. (dB) 
	-6 
	-3
	0 
	3 
	6 

	Genie prediction
	Tx Power diff.
(dB)
	0.09 
	0.29
	0.77 
	1.47 
	2.21 

	Tx Power (dB)

CLTD1 - CLTD2
(Ideal Demod. Channel Est.)


	w/o HS-DPCCH boost 
	-0.15 
	-0.15
	0.3 
	1.3 
	2.5 

	
	w/ HS-DPCCH boost 
	-0.19 
	-0.22
	0.3 
	1.2 
	2.16 

	
	w/ HS-DPCCH & w/ 3rd pilot 
	-0.51 
	-0.54
	-0.02 
	0.9 
	1.86 

	Tx Power (dB)

CLTD1 - CLTD2
(Practical Demod. Channel Est.)
	w/o HS-DPCCH boost 
	-0.15 
	-0.3
	0.3 
	1.3 
	2.3 

	
	w/ HS-DPCCH boost 
	-0.15 
	-0.31
	0.3 
	1.2 
	2.03 

	
	w/ HS-DPCCH & w/ 3rd pilot 
	-0.47 
	-0.63
	-0.03 
	0.88 
	1.73 


From the table we can see that with the inclusion of HS-DPCCH power boosting and the possible 3rd pilot channel power, the Tx power difference between CLTD1 and CLTD2 is further reduced. When the UL link imbalance is negative, i.e. serving UL is stronger than non-serving UL, there is even a loss in Tx power by using CLTD2. On the other hand, there is some gain when the UL link imbalance is positive (non-serving UL is stronger). Since negative UL link imbalance is more likely than positive UL link imbalance, the overall performance improvement due to CLTD2 (relative to CLTD1) is not significant. Furthermore, we need to keep in mind that ideal CLTD phase feedback is assumed on both DLs for CLTD2. However, we know that non-serving DL may be un-reliable due to the mechanism of F-DPCH power control. The ideal knowledge of beamforming SNR metrics for both ULs is also not available at UE (in reality, it may be based on TPCs). Thus, in reality, the gain of CLTD2 may be further dampened.
6.  Conclusions

We compared two CLTD schemes in the soft handover state. One (CLTD1) assumes only the serving Node B determines the beamforming weight vector, while the other (CLTD2) assumes both Node Bs determine and feedback the optimal beamforming weight vectors for their uplinks. Based on simulation and numerical evaluation, we found that
1. When the serving UL is stronger than the non-serving UL, CLTD1   may require less TX power than CLTD2
2. When the serving UL is weaker than the non-serving UL, CLTD2   may require less TX power than CLTD1 

In average, benefit from CLTD2 may be limited, if any. Additionally, based on the complexity comparison, we propose:
Proposal: Serving Node B determines the CLTD beamforming weight vector
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8. 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)
	0 %

	Propagation Channel
	Single path Rayleigh fading 3 km/h

	NodeB Receiver Type
	RAKE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF
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