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1. Introduction

At RAN1#63bis meeting, one working assumption for UL CLTD is that the serving cell determines the PCI feedback. However, at RAN1#64, an issue was raised that the strongest cell in Soft Handover (SHO) scenario could participate in determining PCI.
In this paper we present link-level simulation results of SHO to investigate the impact of PCI feedback determination for UL CLTD. We also provide another paper in [2] to evaluate the HS-DPCCH quality.
2. Simulation Assumptions 
A comprehensive set of simulation assumptions is proposed in [1]. The simulation settings for the results shown are given in Table 1. 
Table 1: Parameter assumptions

	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]
	0

	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
	Realistic

	Compensation of phase discontinuity
	channel synthesis

	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)
	Ideal

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4

	CLTD Feedback Error Rate
	4%

	CLTD Feedback Update Rate
	3 slots

	CLTD Feedback Delay
	3 slots


Some additional simulation assumptions made in this simulation are as follows: 

· Beamforming implementation is asymmetric phase beamforming and absolute PCI signalling type.
· The imbalance between the two cells means the path loss difference to UE between non-serving cell and serving cell.  The cell imbalance is set to -3dB, 0dB and 3dB.
· Both the serving cell and non-serving cell implement channel synthesis and ideally know the PCI that the UE applied which means there is good communication between the serving cell and the non-serving cell. Hence, in this simulation, the link results are to some extent upper bound performance. 
3. 
Simulation Results and Observations
3.1. Simulation Description
In this section, we present link simulation results of SHO for pre-coded pilot uplink transmit diversity scheme. The performance is compared with the baseline (no transmit diversity) in soft handover scenario. 
There are two options for the determination of PCI feedback:
Option 1: Only the serving cell computes the phase adjustment that will be applied at the UE to maximise the received SNR. As shown in Figure 1, serving cell determines PCI and feeds back to the UE. In this case, the UE only receives and demodulates the PCI feedback channel from the serving cell. At the same time, non-serving cell actually does not join in PCI determination and feedback process. However, in the simulation, we suppose precoding vector is ideally known in non-serving cell.
Option 2: Both cells compute the beamforming phase to maximise received SNR in each cell and the pre-coding vector with larger SNR is chosen. This is called strongest cell determined PCI in the context. As shown in Figure 2, both of serving and non-serving cells associate with PCI determination and feedback. One possible method is that estimated SNRs from each cell are ideally compared at both cells and only the PCI with stronger SNR is fed back to the UE. In simulation, the UE ideally knows which cell to receive the PCI feedback and two cells also knows which radio link has stronger beamforming SNR and the precoding vector used as well.
Furthermore, TPC commands are transmitted on both downlinks, and the UE combines TPC following the algorithm specified in [3].
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Figure 1: CLTD UE in SHO where the serving cell determines PCI 
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Figure 2: CLTD UE in SHO where the strongest cell determines PCI 
3.2. Simulation Results
The Rx gain is the gain of Rx Ec/N0 at the serving NodeB with the implementation of CLTD in SHO over the Rx Ec/N0 of serving NodeB without transmit diversity in SHO.
· Rx Gain = Rx Ec/N0NoTD -Rx Ec/N0 CLTD
The Tx gain is the gain of Tx Ec/N0 at UE with the implementation of CLTD in SHO over the Tx Ec/N0 of UE without transmit diversity in SHO.
· Tx Gain = Tx Ec/N0NoTD – Tx Ec/N0 CLTD 

Table 2: Tx Ec/N0 and Rx Ec/N0 gains for serving cell determined PCI and strongest cell determined PCI for UL CLTD with -3dB cell imbalance 
	
Imbalance = -3dB
	Serving cell determined PCI
	Strongest cell determined PCI

	PA3
	Rx Gain[dB]
	-0.23
	-0.24

	
	Tx Gain[dB]
	1.3
	1.22

	VA30
	Rx Gain[dB]
	-0.17
	-0.21

	
	Tx Gain[dB]
	0.59
	0.52


Table 3: Tx Ec/N0 and Rx Ec/N0 gains for serving cell determined PCI and strongest cell determined PCI for UL CLTD with 0dB cell imbalance 

	
Imbalance = 0dB
	Serving cell determined PCI
	Strongest cell determined PCI

	PA3
	Rx Gain[dB]
	-0.65
	-0.19

	
	Tx Gain[dB]
	0.8
	0.95

	VA30
	Rx Gain[dB]
	-0.51
	-0.31

	
	Tx Gain[dB]
	0.17
	0.22


Table 4: Tx Ec/N0 and Rx Ec/N0 gains for serving cell determined PCI and strongest cell determined PCI for UL CLTD with 3dB cell imbalance 

	
Imbalance = 3dB
	Serving cell determined PCI
	Strongest cell determined PCI

	PA3
	Rx Gain[dB]
	-1.03
	1

	
	Tx Gain[dB]
	0.41
	1.6

	VA30
	Rx Gain[dB]
	-1.46
	0.58

	
	Tx Gain[dB]
	-0.5
	0.33


3.3. Observations
When cell imbalance is -3dB:
Two PCI determination options have the similar performance. Tx gain and Rx gain of the serving cell determined PCI option is slightly better than the strongest cell determined PCI. This is because when cell imbalance is -3dB, the serving cell always have better radio link condition. In this situation, it is almost the same for the UE to use either the serving cell PCI option or the strongest cell PCI option.
When cell imbalance is 0dB:

Option 2 can choose a better PCI for beamforming to get more gains. From the Table 3, Tx gain and Rx gain of the strongest cell determined PCI option is slightly better than the serving cell determined PCI, up to 0.15dB.
When cell imbalance is 3dB:

Tx gain and Rx gain of the strongest cell determined PCI option has obvious performance gain over the serving cell determined PCI. The reason is that in SHO situation Option 1 always feeds back the pre-coding vector that leads to maximum the received SNR of the serving cell. However, in 3dB imbalance case, serving cell has weaker radio link condition, in consequence option 1 causes decrease of performance. Oppositely option 2 can direct the beam to the better cell. From the Table 4, Tx gain and Rx gain of the strongest cell determined PCI option is better than the serving cell determined PCI, up to 1.2dB difference.
For this simulation, Option 2 strongest cell determined PCI option can only provide obvious Tx and Rx gains in some cases, especially significant gain for 3dB cell imbalance case. However, it should be noted that we assume both serving cell and non-serving cell can have the knowledge of precoding vector used and apply channel synthesis, which may not be readily feasible in practice.
On the other hand, at the same time Option 2 causes the performance degradation of HS-DPCCH in SHO scenario according to the evaluation in [2], which we think should be an important aspect to take into account. The results show that HS-DPCCH performance of the serving cell determined PCI option has quite advantage over the strongest cell determined PCI option. 
4. Conclusions
In this contribution, link-level simulation results are shown for evaluating the performance of the two PCI determination options in soft handover scenario. Strongest cell determined PCI can provide Tx and Rx gains only in some cases. However, HS-DPCCH quality of strongest cell determined PCI option has obvious loss over the serving cell determined PCI option.  Both the Tx/Rx gain and HS-DPCCH performance should be considered for the discussion of which NB to determine the PCI. In summary, we make the following proposal:
Proposal: Serving Node B determines and feeds back PCI.
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