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1 Introduction
One open issues related to CLTD is the pre-coding weights codebook design. In particular, at RAN1#64 it was agreed that additional considerations on the codebook design should be made available before RAN1#65. In this paper we provide some additional results with respect to:

· The codebook size.

· The need to support antenna switching.

· The maximum PCI update rate.

The evaluations presented here focus on a scenario where the UE is connected to one Node-B, which controls the pre-coding weight generation. I.e. the case of soft handover is not considered. We moreover confine the analysis to the scenario where both transmit antennas are balanced. The case of imbalanced antennas is treated in a companion paper [1].

2 Link level results
In this section we present simulation results focusing on: 
· Determining whether it is necessary to include antenna switching code word, 
· Determine the codebook size, and 
· Determine the maximum PCI update rate. 
The used simulation parameters are presented in Table 9. We highlight that the following have been assumed:

· For demodulation purposes a filter length of 3 slots was assumed for all considered radio channels.

· For sounding purposes a filter length of 1 slot was assumed for all considered radio channels. 

· The pre-coding vector generation at the Node-B was based on a non-precoded channel estimate (i.e. the pre-coding was undone).
· The PCI feedback delay was assumed to be 2 slots. 
· No feedback errors on the downlink were assumed. 
2.1 Codebook size

The following codebooks are evaluated:
· 4 phases: A 4-entry codebook where the amplitude is identical for both antenna weights but where the relative phase difference varies between different code words.

· 2 phases + 2 AS: A 4-entry codebook where the amplitude is the same for both antenna weights for two of the code words (and where the relative phase difference varies) and the two other code words describe the antenna switching weights (i.e. [1 0] or [0 1]).
· 8 phases: An 8-entry codebook where the amplitude is the same for both antenna weights but where the relative phase difference varies between different code words.
· 6 phases + 2 AS: An 8-entry codebook where the amplitude is the same for both antenna weights for six of the code words (and where the relative phase difference varies) and the two remaining code words describes the antenna switching weights (i.e. [1 0] and [0 1]).

· SVD-based codebook: An SVD-based codebook where the pre-coding vector generation is based on a SVD of the channel matrix. The pre-coding vector is chosen as the singular vector associated with the maximum singular value.
 Note that we in this case assume perfect knowledge of the channel and a zero PCI feedback delay.
For the first four algorithms the pre-coding vector w=[w1 w2]T is chosen as the pre-coding vector that maximizes the received SNR. Note that we (except for the antenna switching code words) assume that the input power to the two transmit antennas is identical, i.e. |w1|=|w2|.
2.1.1 Balanced transmit antennas (0 dB antenna imbalance)
2.1.1.1 Low data rate scenario (TBS=2020)
Table 1 to Table 4 present the gain in transmit and received power with respect to the case without transmit diversity for different codebooks and channels. Table 1 shows the gain in transmit power and received power for the studied pre-coding codebooks for the PA3 channel. From the table it is evident that the gain from increasing the code book from 4 to 8 code words is between 0.3-0.5 dB when the update rate is 3 slots. Secondly, it is apparent that the performance loss compared to a SVD based codebook is between 0.5 and 1 dB depending on size of the codebook. Finally it could also be noticed that even for the case of balanced antennas a codebook where the antenna switching code words [0 1] and [1 0] are included offers better performance than the codebook (of equal size) where the code words only are able to adjust to the phase of the radio channel. 
Table 1 also depicts the gains in transmit and receive power when a 1-slot update interval for the pre-coding weights is applied. It can be observed that approximately 0.2-0.25 dB can be gained in terms of transmit power with respect to the scenario where the update rate is 3 slots if the update rate is increased to once per slot.
Table 1: Summary of the gain in transmit and received power for the different codebooks in a PA3 channel. The comparison is made with respect to the case without transmit diversity.
	PA3
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	1.98
	-0.11
	2.25
	-0.08

	2 phases + AS
	2.03
	-0.09
	2.24
	-0.09

	8 phases
	2.34
	-0.05
	2.51
	0.00

	6 phases + AS
	2.49
	-0.05
	2.58
	-0.10

	SVD
	3.13
	0.01
	3.13
	0.01


Table 2 presents the gain in transmit and receive power for the VA3 channel. Compared to the results for the PA3 channel the gains in transmit power is reduced whereas the loss (increase in Node-B Rx power) becomes increasingly pronounced. This is in line with the results presented in earlier contributions. Secondly, it could be noted that it, performance-wise, is preferable to have a codebook that only tries to adapt to the phase of the channel instead of substituting two of these code words for the antenna switching weights. One possible explanation for this behaviour could be that the variations due to the fast fading reduce with the delay spread of the channel (and hence also the benefit of including antenna switching code words in the case of no antenna imbalance). In the table we also include the gains in transmit and receive power when a one-slot update interval is used. It can be observed that approximately 0.2-0.4 dB can be gained in terms of transmit power by increasing the update rate.
Table 2: Summary of transmit and received power gain for the different codebooks in a VA3 channel. The comparison is made with respect to the case without transmit diversity.

	VA3
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	0.39
	-0.34
	0.82
	-0.23

	2 phases + AS
	0.31
	-0.42
	0.73
	-0.28

	8 phases
	1.02
	-0.20
	1.26
	-0.18

	6 phases + AS
	0.86
	-0.27
	1.29
	-0.28

	SVD
	1.86
	-0.09
	1.86
	-0.09


Table 3 presents the gains in transmit and receive power for a PA30 channel. Compared to the PA3 channel the gains in transmit power are reduced significantly. The impact on the Node-B received power is furthermore increased. Similarly to the PA3 channel though we can notice that it is advantageous to have a codebook in which the antenna switching code words are included from a performance point of view. 
In the table we also include the gains in transmit and receive power when a 1-slot update interval is used. It can be observed that approximately 0.8-1 dB can be gained in terms of transmit power if the update rate is reduced to 1 slot.
Table 3: Summary of transmit and received power gain for the different codebooks in a PA30 channel. The comparison is made with respect to the case without transmit diversity.

	PA30
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	0.36
	-0.48
	1.15
	-0.19

	2 phases + AS
	0.36
	-0.48
	1.16
	-0.19

	8 phases
	0.25
	-0.58
	1.21
	-0.17

	6 phases + AS
	0.48
	-0.46
	1.44
	-0.14

	SVD
	3.39
	2.22
	3.39
	2.22


Table 4 depicts the gains in transmit and received power for the VA30 channel. With respect to the transmit power, it can be observed that the gains from CLTD have vanished when a 3-slot update rate is used. At the same time there is a significant impact on the received power. Hence, it may be motivated to not have CLTD active (or configured) for fast dispersive channels. We also include the gains in transmit and receive power when a 1-slot update rate is used. It can be observed that 0.25 dB can be gained in terms of transmit power. Still it is questionable whether it would be beneficial to run CLTD.
Table 4: Summary of transmit and received power gain for the different codebooks in a VA30 channel. The comparison is made with respect to the case without transmit diversity.

	VA30
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	0.01
	-0.36
	0.21
	-0.33

	2 phases + AS
	0.00
	-0.35
	0.17
	-0.34

	8 phases
	0.11
	-0.30
	0.38
	-0.27

	6 phases + AS
	0.05
	-0.40
	0.47
	-0.27

	SVD 
	2.04
	0.21
	2.04
	0.21


Figure 1 shows the cumulative density function (CDF) of the time-duration a given pre-coding vector is used for the PA3 channel when a 3-slot update rate is applied. In the majority of cases, the pre-coding vector is updated every sub-frame. One possible conclusion from this observation could be that the performance is restricted by that the update rate. For that reason we also present the CDF associated with PA3 channel when a slot based updating of the pre-coding vector is allowed; see Figure 2. Also this figure suggests that the UE updates its pre-coding weight with the maximum intensity for approximately 50-60 percent of the cases. Hence, it does not seem like that the performance is limited by the update rate for the PA3 channel. Rather, we would expect that the high update rate is an indication of that the estimation errors, and that it would be beneficial to (for this channel) increase the time-average used when filtering the channel for the purpose of sounding. 
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Figure 1: CDF of the time-duration a certain pre-coding vector is used by the UE. In the figure the pre-coding weight update rate is 3 slots (one sub-frame). Note that the PCI vector is updated in the following sub-frame in 60-70% of the cases.
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Figure 2: CDF of the time-duration a certain pre-coding vector is used by the UE. In the figure an update rate of one slot has been used.

Figure 3 illustrates the time-duration that the UE remains using an antenna switching codeword (given that it has started to use one) for the case where a 1-slot update interval is used. Comparing the results for the PA3 channel with the CDF presented in Figure 2 we do not observe any clear difference in the shape of the CDF. Hence, for the case of balanced antennas it does not seem like the antenna switching code words are used for a longer time-duration than the other code words.
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Figure 3: CDF of the time-duration an antenna switching pre-coding vector is used for the different channels. In the figure the pre-coding update rate is 1 slot.
2.1.1.2 High data rate scenario (TBS=16218)
Table 5 to Table 8 illustrates the gain in transmit and receive power for the different codebooks and radio channels for a high data rate scenario. The general conclusions presented in the section above holds also here; even though the absolute numbers are slightly larger.
Table 5: Summary of transmit and received power gain for the different codebooks in a PA3 channel. The comparison is made with respect to the case with no transmit diversity.

	PA3
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	2.46
	0.05
	2.66
	0.10

	2 phases + AS
	2.43
	0.12
	2.62
	0.07

	8 phases
	2.80
	0.03
	2.99
	0.15

	6 phases + AS
	3.03
	0.14
	3.19
	0.16

	SVD
	3.63
	0.20
	3.63
	0.20


Table 6: Summary of transmit and received power gain for the different codebooks in a VA3 channel. The comparison is made with respect to the case with no transmit diversity.

	VA3
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	0.28
	-0.63
	0.51
	-0.55

	2 phases + AS
	0.17
	-0.68
	0.50
	-0.53

	8 phases
	0.97
	-0.30
	1.26
	-0.17

	6 phases + AS
	0.99
	-0.32
	1.22
	-0.23

	SVD
	1.80
	-0.21
	1.80
	-0.21


Table 7: Summary of transmit and received power gain for the different codebooks in a PA30 channel. The comparison is made with respect to the case with no transmit diversity.

	PA30
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	-0.67
	-1.66
	1.12
	-0.45

	2 phases + AS
	-0.63
	-1.60
	1.15
	-0.41

	8 phases
	-0.56
	-1.52
	1.45
	-0.17

	6 phases + AS
	-0.41
	-1.48
	1.77
	-0.06

	SVD
	4.63
	1.97
	4.63
	1.97


Table 8: Summary of transmit and received power gain for the different codebooks in a VA30 channel. The comparison is made with respect to the case with no transmit diversity.

	VA30
	Sub-frame based
	Slot based

	Algorithm
	Tx Power [dB]
	Rx Power [dB]
	Tx Power [dB]
	Rx Power [dB]

	4 phases
	-1.36
	-1.84
	-0.62
	-1.41

	2 phases + AS
	-1.36
	-1.82
	-0.67
	-1.43

	8 phases
	-1.28
	-1.75
	-0.37
	-1.19

	6 phases + AS
	-1.24
	-1.80
	-0.21
	-1.20

	SVD
	2.20
	0.30
	2.20
	0.30


[image: image4.png]& 09

VA3 THSL6218

0.8

———— dphase

———— ZphasesSATD

o gphase

— GphasesSATD

1 2
10 10

time between PCI change [slot]



 [image: image5.png]PR30 TES16218

———— dphase
———— 2phasesSATD

———— gphase

— GphasesSATD

1
10

time between PCI change [slot]



 [image: image6.png]oF

VA0 TES16218

0.8

0.6

e dphase
——+—— ZphasetSATD

———— fphase

o GphasetSATD

1
10

time between PCI change [slot]




[image: image7.png]PA3 THSLG21E

———— dphase

———— 2phasesSATD

———— gphase

— GphasesSATD

1
10 10
time between PCI change [slot]




Figure 4: CDF of the time-duration the same pre-coding code word is used by the UE for the 4 studied channels. 
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Figure 5: CDF of the time-duration a UE remains utilizing an antenna switching codeword for the two studied codebook sizes.
3 Conclusions
This contribution has presented additional simulation results focusing on the codebook design for the case of balanced antennas. Several radio channels, codebooks as well as update rates were considered. It has been observed that for slowly varying channels an update rate of once per sub-frame is sufficient. For fast non-dispersive channels there may however be advantages of supporting an update rate of once per slot. 
We also noticed that even for the case of balanced antennas there is a performance advantage with including the antenna switching code words; especially for non-dispersive channels. The case where there is antenna imbalance is further analyzed in [1].
4 References 
[1] R1-111268, “Codebook design for CLTD with unbalanced antennas”, Ericsson, ST-Ericsson.
5 Appendix

Table 9: Link level simulation parameters.

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020
16218 (*)

	Modulation
	TBS2020: QPSK

TBS16218: 16QAM (*)

	Number of physical data channels and spreading factor
	TBS2020: 2xSF2
TBS16218: 2xSF2+2xSF4 (*)

	20*log10(βed/βc) [dB]
	TBS2020: 9
TBS16218: 10 (Non E-DPCCH boosting) (*)

	20*log10(βec/βc) [dB]
	TBS2020: 2
TBS16218: 2 (Non E-DPCCH boosting) (*)

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	To be described

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

TBS16218: 10 % BLER after 1 H-ARQ attempt OR 30 % BLER after 1 H-ARQ attempt (*)

	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
	To be described

	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 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	TBS2020: RAKE 
TBS16218: LMMSE (*)

	Antenna imbalance [dB]
	0, +3 (*), -3 (*)

	UE Tx Antenna Correlation
	0, 0.3 (*), 0.7 (*)

	UE DTX
	OFF

	CLTD Codebook Size
	To be described

	CLTD Feedback Error Rate
	To be described

(e.g. Ideal, 4 %, …)

	CLTD Feedback Update Rate
	To be described

	CLTD Feedback Delay
	To be described


� Note that SVD based pre-coding in general result in pre-coding vectors where the magnitude of the two antenna weights differ (i.e. |w1|≠|w2|). Hence, the difference in performance between the SVD and the codebook based beam forming algorithms can be interpreted as an approximation of the additional performance gain that could be achieved if the codebook contained both different phases and different amplitudes and an infinite number of code-words were supported.





