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1. Introduction
In RAN1#60, the following was agreed for the rank 2 uplink codebook design [1] :
1. Keep the previous agreements (already captured in TR36.814) as is
a. Could consider rank-2 codebook in R1-101126 before next meeting, if significant performance benefit is observed 

i. Baseline assumption on UE antenna calibration: random long-term phase shift, varying from one channel drop to the next, should therefore be applied on each Tx antenna
ii. Continue email discussion about evaluation and simulation parameters,  until March 20th (Rapporteur: Jeff Zhuang)
iii. If consensus is reached in the next meeting, then the rank-2 codebook in R1-101126 is adopted. 
In this contribution we evaluate the extended rank-2 codebook proposed in R1-101126 ([2]), and share our view on the codebook design. 

In [2] it is argued that the size-16 baseline rank-2 codebook, agreed in TR36.814, may have poor performance in highly correlated LOS scenarios and an alternate design, where the agreed rank-2 codebook is appended with eight more precoder elements, is proposed. 
2. Discussion

Below we share link-level evaluation results for the 3GPP Case 1 UMa channel model with LOS modeling enabled, comparing the size-16 and size-24 codebook performance. The performance is evaluated over multiple drops, each drop corresponding to a realization of the large-scale channel parameters, including the LOS K-factor. Hence, the simulated scenario corresponds to an environment that should be highly favorable for the extended size codebook. See appendix for simulation details.
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 Figure 1 Normalized throughput CDF of the size-16 and size-24, rank-2 codebooks
Figure 1 shows the CDF of the normalized throughput achieved when using the size-16 and size-24 rank-2 codebooks in blue and red, respectively. For rank-1, 3, 4 the agreed codebooks are used. As can be seen, even in this highly favorable scenario, the gain of an extended codebook is marginal. Such a small performance difference in idealized simulations, will be indistinguishable in a real system with imperfect link-adaptation and channel estimation errors. 
Observation: 

· The gain of an extended codebook is negligible even in LOS heavy channel environments
As to progress in the ULMA work item we propose to close the codebook design discussion and confirm the former agreement of the rank-2 codebook in TR36.814.
Proposal:
· Confirm the agreed rank-2 design in TR36.814 and close the codebook design discussion

3. Conclusions
Herein we have shown that the gain of an extended size rank-2 codebook is negligible even in LOS heavy channel environments. As to progress in the ULMA work item we propose to close the codebook design discussion and confirm the former agreement of the rank-2 codebook in TR36.814.

Proposal:

· Confirm the agreed rank-2 design in TR36.814 and close the codebook design discussion
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5. Appendix:

	Simulation
	· Single 120 degree sector 

· 500 m inter-site distance

· Single user

· Uniform user drop in sector

· Min BS distance: 35m

· Rank, precoder and MSC adaptation

· Ideal channel and covariance estimation

· IoT: 5dB



	Power Control
	· Open loop fractional pathloss compensation based on ideal long term pathloss

· Target SNR: 10dB

· Pathloss compensation fraction: alpha = 0.8

· Max tx power: 23dBi

	Channel model
	· 3GPP Case 1 SCM Urban Macro with Enabled LOS Modelling
· Doppler: 5Hz 
· Carrier Frequency: 2 GHz

	Antenna models
	UE: 

· 2 half wavelength separated cross polarized antennas
· Uncallibrated antenna modeling in line with agreed assumptions
· Height 1.5m

BS: 

· 2 cross polarized antennas separated by 4 wavelengths. 

· Antenna Pattern according to 3GPP TR 36.814 table A2.1.1-2, 

· Downtilt 15 degrees

· Height 32m




