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Introduction
In RAN1#87, a working assumption was made regarding the advanced CSI codebook proposed in [1].
In this contribution, we present evaluation results comparing the Rel-14 advanced CSI codebook, according to the working assumption, with a Rel-13 baseline. As the advanced CSI codebook contains non-constant modulus precoders, we also assess the impact of per-TXRU power limitation.
[bookmark: _Ref426729914]Discussion
In the advanced CSI codebook, precoders are created by linearly combining two DFT vectors as for example:


This means that the constant modulus property of the Class A DFT codebook is broken for advanced CSI and, for a given TFRE, the antenna ports (and correspondingly the PAs) may have an unequal power loading. To avoid clipping each individual PA, the eNB should make a power backoff so that the power of the strongest PA does not overshoot, i.e. a per-TXRU rather than a sum-TXRU power constraint should be applied. The power constraint per port/PA of course applies in the time domain and is the sum over all frequencies and layers, so even if an individual per-layer precoder has a certain unfavorable power loading, it is not certain that the average power loading summed across frequencies and layers will be unfavorable. In fact, for larger bandwidths and MU ranks, the power loading across ports should become similar due to the central limit theorem. 
Another thing to consider is that the power utilization of the PAs is not perfect even if constant modulus codebook is applied, as frequency-selective precoding and high rank transmission (due to MU-MIMO) is used, and so, it is not clear if the additional unequal power loading introduced by a non-constant modulus codebook will significantly impact performance. Furthermore, most gains with MU-MIMO is found in dense urban scenarios, which are generally interference-limited rather than power-limited. Thus, the additional power backoff introduced may not necessarily have a significant impact on performance.
Observations:
· The non-constant modulus property of the Rel-14 codebook may lead to unequal power loading of antenna ports, requiring eNB to make a power backoff to avoid PA clipping
· However, it is not certain that this will have a significant performance impact	
Simulation results
In this section we present evaluation results comparing sum-TXRU and per-TXRU power constraint when using the Rel-14 advanced CSI codebook. The simulations are performed in 3GPP 3D UMi with an 8x4 cross-polarized antenna array with a 4x1 subarray virtualization for 16 antenna ports using the 3GPP FTP-1 traffic model with 100 kB packet size. The UEs are equipped with 2 RX antennas and dynamic rank adaptation as well as dynamic SU/MU-switching is used. Additional SLNR processing of the reported precoders are used to suppress MU interference. Remaining simulation assumptions are presented in the Appendix. The baseline system uses the Class A codebook.


Table 1: Evaluation results of Rel-14 advanced CSI codebook performance over Rel-13 codebook, with and without per-TXRU power constraint, measured at 70% baseline RU
	Sum-power constraint

	Number of antenna ports
	Average gain
	Cell edge gain

	16
	24%
	52%

	Per-TXRU power constraint

	Number of antenna ports
	Average gain
	Cell edge gain

	16
	22%
	47%


Observations:
· Adding a per-TXRU power constraint reduces cell-edge throughput gains by ~0-5%
· For 16TX, substantial UTP gains over Rel-13 is still observed with per-TXRU power constraint
Conclusion
In this contribution, we have discussed the impact of per-TXRU power constraint on Rel-14 advanced CSI codebook performance and presented corresponding evaluation results. The following observations have been made:
Observations:
· The non-constant modulus property of the Rel-14 codebook may lead to unequal power loading of antenna ports, requiring eNB to make a power backoff to avoid PA clipping
· However, it is not certain that this will have a significant performance impact
· Adding a per-TXRU power constraint reduces cell-edge throughput gains by ~0-5%
· For 16TX, substantial UTP gains over Rel-13 is still observed with per-TXRU power constraint
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	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	16 TX: 8x4 with 4x1 virt., UMi (108° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Advanced CSI codebook (when used)
	According to working assumption
Number of beams 2, with beam restriction for 32TX
Beam space rotation hypotheses per dimension: 4
Beam power: Wideband, 4 States
Co-phasing: Q-PSK 

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 100 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency
Max 8 MU layers

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
MU-MIMO







