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1. Introduction

A preliminary discussion of PCI signalling methods was held during RAN1#63bis [1][2]. In this contribution, simulation results are presented, illustrating link performance of closed loop beamforming in the presence of PCI feedback errors.

A phase-only and four-entry codebook is used and three PCI feedback mechanisms are compared:

· Two bit absolute signalling.

· One bit absolute signalling.

· One bit relative signalling.

We find the performance of the absolute schemes to be very close, and superior to the performance of the relative scheme.

2. PCI Signalling Description

For the considered TX codebook design, the TX weight vector w = [w1; w2] is introduced with w1 always equal to one  and w2 selected by the NodeB from the following set:
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where N is the codebook size, N = 4.

The precoded pilot configuration was implemented as agreed in RAN1#63bis. Optimal receiver processing was employed, as described in [3].

Three different TX weight vector signalling schemes were analyzed. 

2.1. Absolute Signalling

The index (PCI) of the selected TX weight vector is signalled by the NodeB using 2 bits. Gray coding of PCI was used so that an error in one bit corresponds to changing the TX weight vector to an adjacent position.

2.2. Relative Signalling

Relative feedback signalling, where a 1-bit command is sent from the NodeB to the UE to shift the current TX weight vector to an adjacent position with the direction of the shift signalled by the command. The shift direction is selected as the direction towards the optimal TX weight vector. I.e., the optimal w2 is first selected by the NodeB and then the adjacent position (relative to the current w2) that is closest to the optimal w2 is chosen.

2.3. One Bit Absolute Signalling

As the complete absolute signaling of the TX weight vector requires 2 slots for 4-entry codebooks, multiple slots are needed to signal the whole index. The bit transmitted in a particular slot is circularly changed from slot to slot (for the 4-entry codebook, the LSB and MSB are transmitted interchangeably). Optimal TX weight vector reselection is done by the NodeB at every slot. The Gray code of the TX weight vector indices is used. For N =4, the scheme is equivalent to the one used in DL beamforming [4]. In [2] this is termed “1 bit recursive feedback; phase only”.

3. Simulation Results

Simulation results are shown in figure 1 and 2. It can be observed that the impact of signalling errors is independent of the feedback method. The 1-bit relative scheme performs poorly, even in the absence of errors. This is caused by enforcing a change of the precoding weight on a slot basis, irrespective of whether or not such a change is actually required. The effect is particularly negative in the case of the slowly varying channel. The performance of 2-bit and 1-bit absolute signalling is equivalent for the simulated scenarios; however, the 2-bit scheme is expected to be more robust to the Doppler effect at higher UE velocities.

Further, some observations can be made on the required PCI feedback error rate. In the PA3 channel, the beamforming feature is expected to bring system gains even in presence of PCI errors of 6%. In the VA30 channel, an error rate below 2% is required. 

[image: image2.emf]-1 0 1 2 3 4 5 6 7 8 9

-12

-11.5

-11

-10.5

-10

-9.5

-9

-8.5

-8

bit error rate for TX weight vector feedback [%]

TX E

c

/N

0

TBS = 2020: 2xSF2 QPSK, PA3, BLER = 1% after 4 transmissions, 4-entry codebook

 

 

reference

2-bit abs, opt

1-bit rel, opt

1-bit abs, opt

[image: image3.emf]-1 0 1 2 3 4 5 6 7 8 9

-12

-11.5

-11

-10.5

-10

-9.5

-9

-8.5

-8

bit error rate for TX weight vector feedback [%]

RX E

c

/N

0

TBS = 2020: 2xSF2 QPSK, PA3, BLER = 1% after 4 transmissions, 4-entry codebook

 

 

reference

2-bit abs, opt

1-bit rel, opt

1-bit abs, opt


Figure 1. TX and RX Ec/N0 in the Ped A channel, 3 km/h.
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Figure 2. TX and RX Ec/N0 in the Veh A channel, 30 km/h.

4. Conclusion

The performance of relative and absolute signalling was evaluated, assuming slot-wise precoding weight update and a 4‑entry codebook. The relative 1-bit/slot signalling was found to be inferior to absolute 1- and 2-bit/slot signalling. On this basis, the absolute options are preferred. For the simulated scenarios, 1-bit signalling is preferred due to lower bit rate and energy requirements. However, 2-bit absolute signalling is expected to be more robust in high Doppler scenarios.

Annex
Simulation Assumptions

The simulation assumptions are shown in the following table.

Table 1. Simulation assumptions

	Parameter
	Value

	Physical channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020, QPSK (1.01 Mbps)

	Number of physical data channels and spreading factor
	TBS 2020: 2xSF2

	20*log10(βed/βc) [dB]
referenced to 1xSF4
	6

	20*log10(βec/βc) [dB]
	TBS 2020: 2

	20*log10(βc2/βc1) [dB]
	0 dB

	Number of H-ARQ processes
	8

	H-ARQ operating point
	1% BLER after 4 attempts

	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)

	Channel estimation
	Realistic,  3 slots

	SIR estimation
	1 slot

	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%

	Number of TX weights
	4

	TX weight vector feedback delay
	2 slots

	TX weight vector signaling scheme
	Absolute, 1-bit recursive, 1-bit absolute

	TX weight vector feedback error rate
	0% -8% per bit error rates

	TX weight vector update frequency
	1 slot

	Pilot precoding scheme
	Precoded pilots (Option III)

	Phase discontinuity compensation for MIMO channel estimation
	TX weight vector deembedding for independent tracking of channel impulse responses from two TX antennas (optimal processing)

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake, 2 RX antennas

	Antenna imbalance [dB]
	0

	UE DTX
	OFF

	Soft Handover
	OFF
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