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1. Introduction

CLTD has been proposed as a work item at RAN#50. There were already some initial discussions on pre-coding codebook provided in papers [1] - [8]. 
This document presents the simulation results and observation about the evaluation of feedback requirements for CLTD.
2. Simulation Assumptions
Table 1 shows the assumptions that used in the simulations.

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
	None

	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
	PA3, VA30

	NodeB Receiver Type
	RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	[4,8,16]

	CLTD Feedback Error Rate
	Ideal

	CLTD Feedback Update Rate
	[1,2,3]

	CLTD Feedback Delay
	[1,2,3,4]


2.1 Evaluation Dimensionality
The codebook mainly impacts link performance from the following aspects:

· Codebook size. 
· Update rate. 
· Delay. 
· Phase & Amplitude. 
2.2 Evaluation Performance Metrics
The following performance measures are used when evaluating the link level simulations in [9]:
· Transmitted Ec/No.

· Received Ec/No.

The calculation of Tx Gain and Rx Gain is as follow:
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2.3 Definition of feedback delay
An example of 3 slots feedback delay is illustrated in Figure 1. The estimation of precoding weights on UL DPCCH is at (n-1)th slot and the corresponding precoding weight is applied at (n+2)th slot. 

In the example shown, the 2 PCI bits carried by two symbols are transmitted every slot on the F-DPCH channel in [9]. 
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Figure 1: An example of 3 slots feedback delay
3. Link-level Simulation Results and Observation
3.1 Simulation Results
We first evaluate the codebook of phase only and phase plus amplitude in table 1. Then, in Figure 2 to Figure 13, link simulation results are illustrated 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).

Table 1:  The amplitude evaluation, when PCI delay is 1 slot and pre-coding update rate is 1 slot.
	
	2 phase bits 
	2 phase bits & 1 amplitude bit (including 
[image: image3.wmf]1/2,2/2

)
	2 phase bits & 2 amplitude bits (including 
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)

	PA3
	Rx Gain[dB]
	-0.1
	-0.16
	-0.12

	
	Tx Gain[dB]
	2.09
	2.13
	2.28

	VA30
	Rx Gain[dB]
	-0.09
	-0.08
	0.01

	
	Tx Gain[dB]
	0.97
	1.04
	1.22
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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).
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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).
3.2 Observation
Regarding to the need of phase and amplitude in codebook, the following can be observed from Table 1:
· The PA3 channel and the VA30 channel show the Tx gain about 0.2dB, comparing between 2 phase bits & 2 amplitude bits and only 2 phase bits.
· The Rx gain is about 0.1dB for the VA30 channel, comparing between 2 phase bits & 2 amplitude bits and only 2 phase bits. Moreover, there is no obvious difference for the PA3 channel.
· Generally, the simulation results show that the gain of the amplitude information does have a little advantage than phase-only scheme, however it increases the signalling load and complexity of the system. Hence, taking the balance of performance sensitivity and complexity into account, phase-only codebook is preferable.
Regarding the phase-only feedback requirements, simulations evaluated the size varying from 4, 8, and 16, the update rate changing from 1 to 3 slots, and the delay from 1 to 4 slots. The followings can be observed from Figure 2 - Figure 13 (the exact values are summarized in the Table 3 and Table 4 in Appendix): 
· Generally, the Rx gain is -0.27dB to -0.08dB for PA3 channel and -0.37dB to -0.01dB for VA30 channel. If update rate is set to 1 slot and delay is also 1 slot, the Rx gain is -0.09dB for VA30 channel.
· Generally, the Tx gain is 1.93dB to 2.2dB for PA3 channel and 0.3dB to 1.05 dB for VA30 channel. If update rate is set to 1 slot and delay is also 1 slot, the Tx gain is 0.97dB to 1.05dB for VA30 channel for different codebook size.

· For all cases, the Rx gain and Tx gain are less impact with increase in codebook size. The comparison of the gain is not obvious between 16 code words and 4 code words, about -0.1 dB to 0.18dB. For the sake of minimizing feedback load, it is preferable to limit the codebook size to 4.
· We also see that Tx gain and Rx gain are less variety if slowing down the update rate from 1 slot to 2 slots. 
· PCI delay has quite minor impact on performance for the PA3 channel. For the VA30 channel, Tx gain varies with different delay and update rate. Actually, the feasible PCI delay shall be at least 3 or 4 slots. Therefore, for the update rate 1 or 2 slots, there is also no significant difference between 3 slots and 4 slots PCI delay.
The simulation results only showed the impact of the codebook size, delay and update rate. According to [10], the feedback channel schemes are also relevant to the requirements. Hence, we should consider the impact of feedback channel scheme together as well:

· As illustrated in Figure 1, the example could support up to 3 UEs in one slot (one TPC symbol and two PCI symbols in one slot on F-DPCH), when the delay is 3 slots and the update rate is 1 slot, which reduce the supported number of UEs and probably increase the consumption of downlink resources a lot. The example scheme in Figure 14 has advantage to support up to 5 UEs in a single slot (one TPC symbol and one PCI symbol in one slot on F-DPCH) whereas loosen the requirement to 4 slots feedback delay and 2 slots update rate. However the pain is that 4 slots feedback delay and 2 slots update rate may introduce slight performance loss.
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Figure 14: one TPC symbol and one PCI symbol in one slot on F-DPCH, when 4 slots feedback delay and 2 slots update rate
· Another option is to introduce the new feedback channel similar with E-RGCH/E-HICH. For the instance in Figure 15, if one UE could be allocated 2 signatures, one feedback channel could support up to 20 UEs where the requirement is 4 slots feedback delay and 1 slot update rate. The detailed analysis of the delay and update rate for this scheme is in [10].
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Figure 15: 1 bit PCI information in one slot on each E-PCICH
4 Conclusions

In this contribution, the simulation results and observation about feedback requirements are provided. The simulation results showed 4 phase-only code words can be seen as a balance between performance and complexity for CLTD. Also, considering both performance sensitivity and impact on detail design of feedback scheme, working assumption of feedback requirement for pre-coding weights update rate could be 2 slots and the PCI delay could be 4 slots. The decision can be further made with the feedback design together.
Proposal 1: The pre-coding vectors only include the phase information.
Proposal 2: The codebook size is 4.  
Proposal 3: Working assumption of pre-coding vector update rate is 2 slots.
Proposal 4: Working assumption of PCI delay is 4 slots.
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Appendix
Table 3: Transmitter gain 
	Transmitter Gain
	Pre-coding Codebook Size

	
	4
	8
	16

	PA3
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	2.09
	2.11
	2.16

	
	
	PCI Delay 2 slot
	2.05
	2.05
	2.15

	
	
	PCI Delay 3 slot
	2.1
	2.16
	2.09

	
	
	PCI Delay 4 slot
	2.05
	2.15
	2.2

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	1.99
	2.14
	2.17

	
	
	PCI Delay 2 slot
	2.03
	2.16
	2.16

	
	
	PCI Delay 3 slot
	2.03
	2.11
	2.15

	
	
	PCI Delay 4 slot
	2.02
	2.11
	2.14

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	1.93
	2.02
	2.05

	
	
	PCI Delay 2 slot
	2.04
	2.19
	2.16

	
	
	PCI Delay 3 slot
	2.03
	2.13
	2.08

	
	
	PCI Delay 4 slot
	1.95
	2.01
	2.06

	VA30
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	0.97
	1.01
	1.05

	
	
	PCI Delay 2 slot
	0.91
	1.01
	0.96

	
	
	PCI Delay 3 slot
	0.89
	0.84
	0.84

	
	
	PCI Delay 4 slot
	0.7
	0.76
	0.81

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	0.96
	1.02
	0.96

	
	
	PCI Delay 2 slot
	0.84
	0.82
	0.89

	
	
	PCI Delay 3 slot
	0.68
	0.72
	0.73

	
	
	PCI Delay 4 slot
	0.53
	0.52
	0.53

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	0.72
	0.82
	0.82

	
	
	PCI Delay 2 slot
	0.77
	0.82
	0.76

	
	
	PCI Delay 3 slot
	0.64
	0.66
	0.74

	
	
	PCI Delay 4 slot
	0.3
	0.34
	0.34


Table 4: Receiver gain 
	Receiver Gain
	Pre-coding Codebook Size

	
	4
	8
	16

	PA3
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	-0.13
	-0.19
	-0.17

	
	
	PCI Delay 2 slot
	-0.17
	-0.27
	-0.25

	
	
	PCI Delay 3 slot
	-0.1
	-0.11
	-0.2

	
	
	PCI Delay 4 slot
	-0.16
	-0.12
	-0.08

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	-0.24
	-0.15
	-0.15

	
	
	PCI Delay 2 slot
	-0.19
	-0.13
	-0.15

	
	
	PCI Delay 3 slot
	-0.17
	-0.17
	-0.17

	
	
	PCI Delay 4 slot
	-0.17
	-0.17
	-0.17

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	-0.18
	-0.18
	-0.18

	
	
	PCI Delay 2 slot
	-0.17
	-0.08
	-0.16

	
	
	PCI Delay 3 slot
	-0.18
	-0.13
	-0.21

	
	
	PCI Delay 4 slot
	-0.27
	-0.24
	-0.24

	VA30
	Pre-coding weight Update rate 1 slot
	PCI Delay 1 slot
	-0.09
	-0.09
	-0.09

	
	
	PCI Delay 2 slot
	-0.09
	-0.03
	-0.09

	
	
	PCI Delay 3 slot
	-0.01
	-0.1
	-0.12

	
	
	PCI Delay 4 slot
	-0.08
	-0.07
	-0.02

	
	Pre-coding weight Update rate 2 slot
	PCI Delay 1 slot
	-0.06
	-0.05
	-0.13

	
	
	PCI Delay 2 slot
	-0.1
	-0.18
	-0.1

	
	
	PCI Delay 3 slot
	-0.18
	-0.18
	-0.16

	
	
	PCI Delay 4 slot
	-0.19
	-0.25
	-0.22

	
	Pre-coding weight Update rate 3 slot
	PCI Delay 1 slot
	-0.25
	-0.21
	-0.21

	
	
	PCI Delay 2 slot
	-0.12
	-0.1
	-0.18

	
	
	PCI Delay 3 slot
	-0.15
	-0.15
	-0.08

	
	
	PCI Delay 4 slot
	-0.37
	-0.37
	-0.37
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