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Introduction

In RAN1#84, the rank 5-8 Class A codebooks were discussed and the following conclusions were captured in the RAN1 chairman’s notes [1].

Conclusions:
· Companies are requested to evaluate rank 5 – 8  codebook design for class A based on R1-161355, R1-160850, and R1-160613 until the next meeting
· Companies should take into acount the correction of R1-161355
· RAN1 will decide a final conclusion related rank 5 – 8 codebook design issues for class A based on evaluation results and technical analysis before or in the next meeting 
· RAN1 also will decide a final conclusion related to  R1-161204 before or in the next meeting

In this contribution, we provide simulation results comparing the two alternatives for Class A rank 5-8 codebook design,  i.e. the current Rel-13 codebooks defined in 36.213 [2] and the ones described in [4].  We address the main concerns raised by the companies opposing the current Rel-13 rank 5-8 codebook that is presently specified in [2] (with further corrections captured in [3]).  We also present system level results demonstrating the performance benefits of the Rel-13 rank 5-8 codebook.
[bookmark: _Ref426729914]Discussion
Companies opposing the Rel-13 rank 5-8 codebooks raised various issues with the codebook.  We discuss the main concerns raised below:
· Complexity
In our understanding, there are no concerns on the rank 5-8 codebook performance, just that its complexity may be more than is merited by the gains it has over the Rel-10 codebook.  However, it’s not clear to us yet that the complexity is excessive in Rel-13 when we consider that an UE with 8 Rx antennas is already complex, and take into account e.g. the ability to reuse CSI computations from up to rank 4 for ranks 5-8 and that i2 is not used for ranks 5-8.  
· Application scenario
It was pointed out that 8 layer operation is not well established within 3GPP yet, and that new use cases such as wireless backhaul can be considered for 8 layer operation.  We don’t see how the application scenario for 8 layers is relevant, since whether to support 8 layers is not under discussion.  It is our understanding that RAN1 have agreed to specify 8 layer transmission to UEs configured for FD-MIMO.  That being said, new use cases such as wireless backhaul may be interesting, and such use cases as well as corresponding codebook enhancements can be considered in new releases.  
· Reporting i2 for the Class B K=1 codebook 
A concern was raised that it is not clear how i2 is reported for Class B K=1 codebook for ranks 5-8 on PUCCH.  It is not clear to us at this stage where the lack of clarity is in the specification, but such a problem seems like it could be straightforwardly corrected with the normal CR process.
· Codebook subset restriction for ranks 5-8
It was asserted that it is not reasonable to apply the same codebook subset restriction on both higher rank and lower rank (by restricting a beam direction across multiple ranks).  However, we don’t see why codebook subset restriction should operate differently for ranks 5-8 than for ranks 1-4.  CBSR improves performance by allowing accurate CSI feedback when interference is not radiated in selected directions, and this is true for higher as well as lower ranks.
Simulation Results
In order to compare the performance of the 8-port ranks 5-8 codebooks with the 16-port ranks 5-8 codebooks, we performed system simulations with a 2x8 array and 2x1 subarray virtualization.  The simulation assumptions are summarized in the Appendix.  A comparison of rank distribution between the 8-port codebooks and the 16-port codebooks is shown in Figure 1 for 3D-UMi and 3D-UMa.  In the figure, the red bars represent the 16-port codebooks and the blue bars represent the 8-port codebooks.  The resource utilization corresponding to 3D-UMi and 3D-UMa in Figure 1 are approximately 4.7% and 6.3%, respectively.  As can be seen in the figure, the 16-port codebooks provide a higher rank distribution for ranks 5-8 than the 8-port codebooks.  For instance, in the 3D-UMi case, the 16-port codebooks achieve ranks 5-8 58.9% of the time while the 8-port codebooks achieve ranks 5-8 47.5% of the time.  This amounts to a 24% increase in transmissions involving ranks 5-8 for the 16-port codebook in 3D-UMi.  The corresponding increase in transmissions involving ranks 5-8 in 3D-UMa is 29% for the 16-port codebook.
Observations:
· A 24% increase in transmissions involving ranks 5-8 is observed in 3D-UMi with the 16-port rank 5-8 codebooks when compared to the Rel-10 8-port rank 5-8 codebooks.
· A 32% increase in transmissions involving ranks 5-8 is observed in 3D-UMi with the 16-port rank 5-8 codebooks when compared to the Rel-10 8-port rank 5-8 codebooks.
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(b) 3D-UMa


[bookmark: _Ref447200516]Figure 1.  Comparison of rank distribution between 8-port codebooks and 16-port codebooks.

The throughput results of the performance comparison are given in Table 1.  As can be seen from the table, the 16-port codebooks achieve 3.5% to  6.3% mean user throughput gains over the 8-port codebooks.  Hence, these results indicate that the 16-port codebooks still have notable performance benefits over the alternative 8-port codebooks.
Observation:  the 16-port ranks 5-8 codebooks yields 3.5% to 6.3% mean user throughput over the alternative 8-port ranks 5-8 codebooks.
Hence, we make the following proposal:
Proposal:  The current Rel-13 codebooks for CLASS A rank 5 to 8 should be kept.
[bookmark: _Ref447224045]Table 1.  Throughput comparison between 8-port codebooks and 16-port codebooks
	
	3D-UMi
	3D-UMa

	
	8-port 
	16-port
	8-port
	16-port

	Resource Utilization
	~5%
	~5%
	~6%
	~6%

	Mean Throughput
	110.85 Mbps
	114.73 Mbps
	90.25 Mbps
	95.95 Mbps

	Mean Throughput Gain
	-
	3.5%
	-
	6.3%




Conclusion
In this contribution, we provide simulation results comparing  Rel-13 Class A rank 5-8 codebooks  with the alternative design in [4].  We address the main concerns raised by the companies opposing the  Rel-13 rank 5-8 codebook.  Based on our results, we make the following observations and proposal:
Observations:
· A 24% increase in transmissions involving ranks 5-8 is observed in 3D-UMi with the 16-port rank 5-8 codebooks when compared to the Rel-10 8-port rank 5-8 codebooks.
· A 32% increase in transmissions involving ranks 5-8 is observed in 3D-UMi with the 16-port rank 5-8 codebooks when compared to the Rel-10 8-port rank 5-8 codebooks.
· The 16-port ranks 5-8 codebooks yields 3.5% to 6.3% mean user throughput over the alternative 8-port ranks 5-8 codebooks.

Proposal:  
· The current Rel-13 codebooks for CLASS A rank 5 to 8 should be kept.
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Appendix
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD
3D UMi 200m ISD

	Antenna Configurations
	2x8 with 2x1 virt., UMa (122° tilt) & UMi  (130° 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

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi), 46 dBm (UMa) 
For Rel-10 8 port codebook, transmit power is reduced by 3 dB. 

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	Overhead
	1-8 DMRS ports and 2 CRS 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






image2.png
Distribution (%)

E3

0

E3

Eil

15

10

SU Rank per Scheduled User

um:

ports_R1

urna_1Bports_R13_CE |

B

2 3 4 5 6 7 8

Rank




image1.png
Distribution (%)

E3

0

E3

Eil

15

10

SU Rank per Scheduled User

ports_R1
1Bports_R13_CB |

B

3 4 5 6 7 [

Rank




