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1. Introduction

CLTD has been proposed as a work item at RAN#50. Papers presented in previous RAN1#62 – RAN1#63 meetings [1][2][3][5][6] already provided some initial discussion on pre-coding codebook design. 
This document first discusses high-level considerations of pre-coding codebook design, and then provides corresponding simulation results and observation.
2. Precoding Codebook Design 
The codebook design issue is how to obtain a good performance with relative low complexity. Some aspects of codebook design are analysed in documents [1][2]. The codebook mainly impacts link performance from the following considerations:
· Codebook size. Obviously, the smaller codebook size is, the less exact phase of the channel can be tracked. That leads to an inferior performance of CLTD. However, feedback channel will be complicated if the codebook size is large. 
· Update rate. The pre-coding weight update rate is the frequency of PCI generated and transmitted by the NodeB, which to some extent depends on feedback channel design. In theory, the pre-coding weight update rate should be as sooner as possible, but that cause difficulty to maintain a low error rate of PCI information in feedback channel. 
· Delay. The PCI information is generated from previous pilot and then feedbacks to UE. The PCI delay is the time between finished calculation of the pre-coding weight in the NodeB and the application of the corresponding pre-coding weight in the UE. The PCI delay, similar with update rate, should also be as shorter as possible. However, it is hard to achieve a delay smaller than one slot, limited by the UE processing time, the NodeB processing time and the scheme of the PCI feedback channel transmission format.
· Phase & Amplitude or only Phase. In theory, it is able to offer additional gain given both the amplitude and phase information, comparing with only phase information is applied. However, adding amplitude information will increase codebook, thereby increasing the complexity. Furthermore, the performance gain may be small in real estimation algorithms in fact. 
3. Simulation Assumptions
Table 1 shows the assumptions that used in the simulations conducted.

Table 1: Parameter assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, DPCCH2

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	Number of Rx Antennas
	2

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βc2/βc) [dB]
	0

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	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
	Ideal

	Path searcher
	Ideal

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Propagation Channel
	PA3,VA30

	NodeB Receiver Type
	LMMSE

	Antenna Imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	Pre-coding Codebook
	[4,8,16]

	Pre-coding update rates [slot]
	[1,2,3]

	PCI Delay[slot]
	[1,2,3,4]

	PCI information
	Only Phase

	Residual BLER
	1%

	Link Performance
	Rx Gain & Tx Gain


4. Link-level Simulation Results and Observation
4.1 Simulation Results
PCI feedback delay timing example is shown in Figure 1. 
In this Figure 2 to Figure 13, we present link simulation results for the impact of the pre-coding codebook, size update rate and delay on CLTD scheme. The receiver or transmitter gain is compared with baseline (no transmit diversity). 
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Figure 1: The PCI information feedback timing when the PCI delay is 1 slot.
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Figure 2: PA3 channel, Transmitter gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (1 slot).
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Figure 3: PA3 channel, Receiver gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (1 slot).
[image: image4.png]Tx Gain[dB]

2.7

2.6

2.5

2.4

23

22

Codebook Size

—4—delay=1slot.update=2slots

—H—delay=2slots.update=2slots
——delay=3slots.update=2slots
= delay=4slots.update=2slots





Figure 4: PA3 channel, Transmitter gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (2 slots).
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Figure 5: PA3 channel, Receiver gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (2 slots).
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Figure 6: PA3 channel, Transmitter gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (3 slots).
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Figure 7: PA3 channel, Receiver gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (3 slots).
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Figure 8: VA30 channel, Transmitter gain as a function of codebook size corresponding to different delay (1/2/3/4 slots) and update rate (1 slot).
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Figure 9: VA30 channel, Receiver gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (1 slot).
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Figure 10: VA30 channel, Transmitter gain as a function of codebook size corresponding to different delay (1/2/3/4 slots) and update rate (2 slots).
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Figure 11: VA30 channel, Receiver gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (2 slots).
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Figure 12: VA30 channel, Transmitter gain as a function of codebook size corresponding to different delay (1/2/3/4 slots) and update rate (3 slots).
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Figure 13: VA30 channel, Receiver gain as a function of codebook size corresponds to different delay (1/2/3/4 slots) and update rate (3 slots).
4.2 Observation
In Section 4.1, simulations evaluated the codebook size varied from 4, 8, and 16, update rate changed from 1 to 3 slots, and feedback delay changed from 1 to 4 slots. The following can be observed from Figure 2 - Figure 13 (the more detailed values are in the Table 1-Table2 in Appendix):
· For all cases, the Rx gain and Tx gain are improved with increasing in codebook size, but less than 0.18dB;
· For all conditions of the update rate and delay, the PA3 channel has significant gains in Tx and Rx, and even less variety of gains;
· The VA30 channel shows considerable degradation with delay larger than 3 slots for the same codebook size and same update rate, and about 0.3dB loss when update rate is slower than every 3 slots for the same codebook size and same delay,;
· Generally, the Rx gain is 0.05dB to 0.15dB for PA3 channel and -0.46dB to 0 for VA30 channel. If update rate is set to 1 slot and delay is also 1 slot, the Rx gain is -0.1dB to 0.06dB for VA30 channel,;

4 Conclusions

In this contribution, the initial simulation results and observation of pre-coding codebook design are provided. The simulation results showed 4 code words can be seen as balance between performance and complexity. For fast fading channels less than 4 slots delay may obtain more gain.
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Appendix
Table 1: Transmitter gain 
	Transmitter Gain
	Pre-coding Codebook Size

	
	4
	8
	16

	PA3
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	2.29
	2.4
	2.45

	
	
	PCI Delay 2 slot
	2.36
	2.36
	2.42

	
	
	PCI Delay 3 slot
	2.34
	2.41
	2.41

	
	
	PCI Delay 4 slot
	2.29
	2.36
	2.43

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	2.28
	2.39
	2.46

	
	
	PCI Delay 2 slot
	2.32
	2.38
	2.41

	
	
	PCI Delay 3 slot
	2.28
	2.35
	2.41

	
	
	PCI Delay 4 slot
	2.27
	2.38
	2.42

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	2.31
	2.37
	2.42

	
	
	PCI Delay 2 slot
	2.33
	2.36
	2.4

	
	
	PCI Delay 3 slot
	2.31
	2.38
	2.41

	
	
	PCI Delay 4 slot
	2.26
	2.34
	2.44

	VA30
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	1.3
	1.42
	1.42

	
	
	PCI Delay 2 slot
	1.22
	1.26
	1.26

	
	
	PCI Delay 3 slot
	1
	1.05
	1.07

	
	
	PCI Delay 4 slot
	0.72
	0.79
	0.81

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	1.26
	1.31
	1.37

	
	
	PCI Delay 2 slot
	1.11
	1.07
	1.13

	
	
	PCI Delay 3 slot
	0.84
	0.94
	0.96

	
	
	PCI Delay 4 slot
	0.64
	0.65
	0.67

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	1.1
	1.18
	1.18

	
	
	PCI Delay 2 slot
	0.98
	1.08
	1.08

	
	
	PCI Delay 3 slot
	0.79
	0.84
	0.8

	
	
	PCI Delay 4 slot
	0.42
	0.42
	0.43


Table 2: Receiver gain 
	Receiver Gain
	Pre-coding Codebook Size

	
	4
	8
	16

	PA3
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	0.08
	0.13
	0.13

	
	
	PCI Delay 2 slot
	0.11
	0.07
	0.15

	
	
	PCI Delay 3 slot
	0.11
	0.13
	0.13

	
	
	PCI Delay 4 slot
	0.08
	0.08
	0.12

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	0.06
	0.1
	0.15

	
	
	PCI Delay 2 slot
	0.11
	0.09
	0.09

	
	
	PCI Delay 3 slot
	0.07
	0.05
	0.1

	
	
	PCI Delay 4 slot
	0.07
	0.13
	0.08

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	0.09
	0.08
	0.09

	
	
	PCI Delay 2 slot
	0.11
	0.06
	0.07

	
	
	PCI Delay 3 slot
	0.1
	0.09
	0.1

	
	
	PCI Delay 4 slot
	0.06
	0.06
	0.12

	VA30
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	0.01
	0.06
	0.05

	
	
	PCI Delay 2 slot
	0
	-0.05
	-0.04

	
	
	PCI Delay 3 slot
	-0.1
	-0.1
	-0.1

	
	
	PCI Delay 4 slot
	-0.22
	-0.19
	-0.19

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	-0.04
	-0.01
	-0.03

	
	
	PCI Delay 2 slot
	-0.04
	-0.14
	-0.1

	
	
	PCI Delay 3 slot
	-0.18
	-0.13
	-0.13

	
	
	PCI Delay 4 slot
	-0.23
	-0.23
	-0.28

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	-0.1
	-0.1
	-0.1

	
	
	PCI Delay 2 slot
	-0.12
	-0.08
	-0.08

	
	
	PCI Delay 3 slot
	-0.21
	-0.15
	-0.15

	
	
	PCI Delay 4 slot
	-0.39
	-0.39
	-0.46



























































































































































1/11

_1356366684.vsd
PILOT


TFCI


TPC


PILOT


TFCI


TPC


PILOT


TFCI


TPC


PILOT


TFCI


TPC


PILOT


TFCI


TPC


PILOT


TFCI


TPC


PCI


PCI


PCI


DL F-DPCH
at UTRAN


UL DPCCH
at UTRAN


UL Application to PCI at UE
e.g. UL DPCCH


DL F-DPCH
at UE


F-DPCH


(n)th Slot(2560 chips)


PCI


(n)th Slot


Propagation delay


PCI


PCI


(n)th Slot


PILOT


TFCI


TPC


PILOT


TFCI


TPC


(n-1)th Slot


T0


(n)th Slot


(n+1)th Slot


(n+2)th Slot


(n+1)th Slot


(n+2)th Slot


Application To UE


(n+1)th Slot


(n+2)th Slot


PCI


PCI


PCI


Application To UE


PCI



