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1 Introduction
At RAN1#63bis work on CLTD was initiated. During the meeting several agreements and working assumptions were agreed. One of the open issues is how the codebook should be designed. More specifically RAN1 still needs to agree on:

· Whether both amplitude and phase differences between the antenna weights should be incorporated in the code book.

· How many codewords that the codebook should consist of.

In this contribution we evaluate the impact that the codebook size has on the system level performance. More concretely we compare the performance of a codebook that consists of 4 codewords with the performance that can be achieved by a codebook that consists of 8 codewords. For both settings we restrict this study to pre-coding vectors that have equal magnitude (i.e. all antenna pre-coding weights have the same magnitude).

2 Summary of used simulation parameters
The results presented in the paper are based on those agreed in [1]. To improve the readability we reproduce the used system level parameters in Table 1. 

Table 1: System level parameters.

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,   Am= 20 dB

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt 

	Channel Model
	PA3

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Full Buffer Traffic)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

Other channel estimation algorithms if used should be indicated

	NodeB Receiver Loss due to CLTD algorithms
	No Rx Loss is modelled

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (Note 1)
	0, -4

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0

	UE Rx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Equal rate scheduler


In addition the used parameters that are related to CLTD are shown in Table 2. Notice that we assumed that the PCI error rate was 4 percent for both the case where 2 and 3 feedback bits are used for conveying the PCI information. 
Table 2: System parameters related to CLTD.

	Parameters
	Values and comments

	Practical CLTD Weight Generation
	Based on realistic channel estimate to maximize the composite channel gain of the serving radio link set. (See Section 2.2 for reference algorithm)

	Pre-coding Codebook Size
	4/8 phases

	Number of Feedback Bits
	2/3 bits

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Channel Estimation
	Realistic (3 slot filtering)


Aside from the parameters shown in Table 1 and Table 2 we highlight the following set of assumptions:

· Throughout the simulation experiments an equal rate scheduler is assumed.

· A noise rise threshold of 8 dB is used (for the 95th percentile)

· For each snapshot a warm-up time of 2 seconds were used.

· Only a PA3 channel is evaluated.

· The inner loop power control only adjusts the power the P-DPCCH. The S-DPCCH is always transmitted with the same transmit power as the P-DPCCH.
· Only a 1 km inter-site distance is considered.
3 Results 

3.1 Results with 2D antennas
3.1.1 Long-term antenna imbalance 0 dB

Figure 1 - Figure 4 illustrate the average user throughput, the average total transmit power, the total DPCCH transmit power, and the 10th percentile user throughput as a function of the average number of users cells for a scenario where 4 and 8 codewords are used. The common conclusion from the figures is that the performance gain that can be achieved from a codebook size of 8 is marginal.


[image: image1]
Figure 1: Average user throughput as a function of the cell throughput for a codebook size of 4 and 8 codewords. 

[image: image2]
Figure 2: Average total transmit power as a function of the average number of users per cell for a codebook size of 4 and 8.


[image: image3]
Figure 3: Average DPCCH transmit power as a function of the average number of users per cell for a codebook size of 4 and 8.


[image: image4]
Figure 4: 10th percentile user throughput as a function of the average number of users per cell for a codebook size of 4 and 8 codewords.

3.1.2 Long-term antenna imbalance -4 dB
Figure 5 - Figure 8 illustrate the average user throughput, the average total transmit power, the total DPCCH transmit power, and the 10th percentile user throughput as a function of the average number of users per cell when long-term antenna imbalance is -4 dB. Both a codebook size of 4 and a codebook size of 8 are considered. The main conclusion from the figures is that the additional performance gain from increasing the codebook to 8 codewords is marginal. 


[image: image5]
Figure 5: Average user data rate as a function of the cell throughput for a codebook size of 4 and 8 when the long-term antenna imbalance is -4 dB.

[image: image6]
Figure 6: Average total transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB.

[image: image7]
Figure 7: Average DPCCH transmit power as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB.

[image: image8]
Figure 8: 10th percentile user throughput as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB.

3.2 Results with 3D antennas

3.2.1 Long-term antenna imbalance 0 dB

Figure 9 - Figure 12 show the average user throughput, the average transmit power, the average DPCCH transmit power, and the 10th percentile user throughput as a function of the average number of users per cell when 3D antennas are modelled at the Node-B. Both a codebook size of 4 and 8 codewords are considered. The main conclusion from the figures are that the additional performance gain that can be achieved from increasing the codebook to consist of 8 codewords is marginal.

[image: image9]
Figure 9: Average user throughput as a function of the cell throughput when 3D antennas are modeled at the Node-B receiver.

[image: image10]
Figure 10: Average uplink transmit power as a function of the average number of users per cell when 3D antennas are modeled at the Node-B receiver.

[image: image11]
Figure 11: Average DPCCH transmit power as a function of the average number of users per cell when 3D antennas are modeled at the Node-B. 

[image: image12]
Figure 12: 10th percentile user throughput as a function of the average number of users per cell when 3D antennas are used at the Node-B. 

3.2.2 Long-term antenna imbalance -4 dB

Figure 13 - Figure 16 show the average user throughput, the average total transmit power, the average total DPCCH transmit power, and the 10th percentile user throughput as a function of the average number of users per cell when the long-term antenna imbalance is -4 dB. Both a codebook size of 4 and a codebook size of 8 codewords are considered. The main conclusion from the figures is that the additional gain from using 8 codewords is marginal.


[image: image13]
Figure 13: Average user throughput as a function of the cell throughput when the long-term antenna imbalance is -4 dB and 3D antennas are modeled at the Node-B receivers. 


[image: image14]
Figure 14: Average uplink transmit power as a function of the average number of users per cell.

[image: image15]
Figure 15: Average DPCCH transmit power as a function of the average number of users per cell when 3D antennas at the Node-B is modeled and the long-term antenna imbalance is -4 dB. 


[image: image16]
Figure 16: 10th percentile user throughput when 3D antennas are modeled at the Node-B receiver and the long-term antenna imbalance is -4 dB. Both a codebook size of 4 and 8 is considered. 
4 Conclusions

This contribution has evaluated the system level gains that can be achieved from using a codebook consisting of 8 codewords (as compared to using a codebook size of 4). The analysis was restricted to codebooks in which all antenna weights have an equal magnitude. Our results suggest that there only a very small performance gain can be achieved from using a codebook of 8 codewords. Based on these results we conclude that for CLTD a codebook consisting of 4 codewords is sufficient if the antenna weights have equal magnitude (i.e. only the phase is modelled).
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