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1. Introduction

This contribution presents system level evaluation results for 8 Tx precoder codebooks. Two grid-of-beam (GoB) based proposals as well as three Samsung proposals are evaluated and it is also emphasized that the joint proposal in the way forward in [15] performs similar to one of the GoB based designs so the results could be viewed as providing guidance to the performance of the joint proposal as well.
2. Codebook Proposals

In this contribution we consider two simple grid-of-beam (GoB) based proposals that are designed for efficient performance for both cross-pole as well as co-pole. The details of the two codebooks are given in [16] and the proposals are summarized below. 
Proposal (GoB 1 design)
· For 8 Tx rank 1 and 2, introduce support for the following GoB design
· Inline with agreed way forward on feedback refinement and supports 16 beams for ULA and 16 beams for cross-pole

· Four bits for 
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· 4 bits for wideband 
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Proposal (GoB 2 design)
· For 8 Tx rank 1 and 2, introduce support for the following GoB design
· Five bits for
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· 5 bits for wideband 
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Both proposals are based on a block diagonal design. The GoB 1 design is moreover rather similar in spirit to the joint proposal in the way forward [15]  except that 
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. Nevertheless, it turns out that the performance of the joint proposal is very similar to the performance of GoB 1, with a slight advantage to the joint proposal and hence the evaluations in this paper for GoB 1 can be viewed as giving a tight lower bound on the performance of the joint proposal.  The joint proposal is an effort from a large group of companies in converging on a single concrete design. As such, we consider the joint proposal as the baseline.
Proposal

· Adopt the joint proposal codebook in [15]  as the baseline for the 8 Tx precoder design.

3. Simulation Results
To assess the performance of the GoB designs (and as noted also the joint proposal), system level simulations for an urban macro environment have been conducted for SU-MIMO as well as MU-MIMO. The simulations assumptions are listed in Table 7. Four different designs where evaluated; the GoB 1 and 2 design, Samsung codebook (3) in Table 3 in [14] , Samsung codebook (4) in Table 3 in [14]  and Samsung Proposal 2, Example 1 in [17] . In all cases, a CSI feedback report contains both 
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, where the latter is reported per subband. The underlying assumption is that aperiodic CSI on PUSCH is being used to simultaneously transmit all the precoders. An overview of the reporting mechanism and associated overhead for the five schemes is given in Table 1 where it is seen that the GoB 1 design has the lowest overhead of all schemes. Both high and lower angular spread scenarios have been considered.
Table 1: Comparison of report sizes for one aperiodic report on PUSCH.
	
	Bits per PMI

(rank1, rank 2)
	Reporting type
	Precoder report size in bits

for 20 MHz (13 subbands)
(rank1, rank2)
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	GoB 1
	4, 4
	2, 1
	wideband
	subband
	30, 17

	GoB 2
	5, 5
	2, 1
	wideband
	subband
	31, 18

	Samsung (3), Table 3 in [14] 
	4, 4
	3, 3
	wideband
	subband
	43, 43

	Samsung (4), Table 3 in [14] 
	4, 4
	2, 2
	wideband
	subband
	30, 30

	Samsung Proposal 2, Example 1 in [17] 
	4, 4
	2, 2
	wideband
	subband
	30, 30


3.1. SU-MIMO Rank 1 — 2
The SU-MIMO results when the rank is capped at two are found in Table 2 and Table 3. It is seen that the performance of the GoB design is very competitive even though signaling overhead is small while Samsung-4 exhibits a loss on the cell edge. 
Table 2: Results for SU-MIMO closely spaced cross-pole.

	
	SU-MIMO: Cross-pole (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	GoB 1
	2.72 (0%)
	0.0822 (0%)

	GoB 2
	2.72 (0.1%)
	0.083 (0.5%)

	Samsung (3) , Table 3 in  [14] 
	2.74 (0.7%)
	0.0811 (-1.3%)

	Samsung (4) , Table 3 in  [14] 
	2.72 (0.0%)
	0.0779 (-5.2%)


Table 3: Results for SU-MIMO closely spaced co-pole.

	
	SU-MIMO: Co-pole (Alt 2), 8° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	GoB 1
	2.60 (0%)
	0.091 (0.0%)

	GoB 2
	2.62 (0.5%)
	0.092 (1.2%)

	Samsung (3) , Table 3 in  [14] 
	2.63 (1.3%)
	0.091 (0.2%)

	Samsung (4) , Table 3 in  [14] 
	2.55 (-1.9%)
	0.086 (-5.5%)


3.2. MU-MIMO

MU-MIMO was also evaluated. The results are found in Table 4 and Table 5. For cross-pole, the results are again rather similar except for Samsung-4 which shows loss on cell throughput as well as cell edge. For the co-pole case, GoB 2 outperforms the others and Samsung-3 shows similar performance. The Samsung-3 design however results in 39% higher signaling overhead than GoB 2. Thus, the GoB design principle again gives competitive performance with very little signaling overhead. 
Table 4: Results for MU-MIMO closely spaced cross-pole.

	
	MU-MIMO: Cross-pole (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	GoB 1
	2.69 (0%)
	0.100 (0%)

	GoB 2
	2.71 (0.9%)
	0.102 (1.3%)

	Samsung (3) , Table 3 in  [14] 
	2.70 (0.4%)
	0.100 (0.0%)

	Samsung (4) , Table 3 in  [14] 
	2.58 (-4.2%)
	0.095 (-5.7%)


Table 5: Results for MU-MIMO closely spaced co-pole.
	
	MU-MIMO: Co-pole (Alt 2), 8° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	GoB 1
	3.23 (0%)
	0.111 (0%)

	GoB 2
	3.40 (5.1%)
	0.115 (3.2%)

	Samsung (3) , Table 3 in  [14] 
	3.37 (4.3%)
	0.114 (2.7%)

	Samsung (4) , Table 3 in  [14] 
	2.85 (-11.9%)
	0.097 (-12.9%)


The Samsung designs in [17] are tailored for ULA antenna setups with low angular spread, as also indicated by the abundant simulations and much focus of that particular scenario in [18] However, results for the Samsung designs in low angular spread in conjunction with the more common cross-pole antenna setup are not shown. To shed some light on this issue we provide some additional simulations results for that particular scenario in Table 6. It is seen that the Samsung designs perform significantly worse than the GoB based designs. This is not surprising as upon inspecting the codebook entries in the Samsung designs it becomes clear that the designs are optimized for the less prioritized case of ULA at the expense of the high priority case of cross-pole. The designs thus seem to contradict the prioritization of antenna setups established in RAN1.
Observation

· The Samsung designs seem to optimize for closely spaced ULA at the expense of performance for the higher prioritized case of cross-pole.

Table 6: Results for MU-MIMO closely spaced cross-pole with low angular spread.
	
	MU-MIMO: Cross-pole (Alt 2), 8° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	GoB 2
	2.995 (0%)
	0.113 (0%)

	GoB 1
	2.957(-1.3%)
	0.1151(-1.8%)

	Samsung (3) , Table 3 in  [14] 
	2.860 (-4.5%)
	0.109 (-3.4%)

	Samsung Proposal 2, example 1 in [17] 
	2.820 (-5.9%)
	0.108 (-4.3%)


4. Conclusions
Considering the competitive performance of our GoB 1 design as shown in this contribution coupled with that the joint proposal in [5] performs similarly and represents a major achievement in convergence of views among a larger group of companies, we propose to
· Adopt the joint proposal codebook in [15]  as the baseline for the 8 Tx precoder design.
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6. Appendix
Table 7: System level simulation assumptions.

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Inter site distance
	500 m

	Average number of UEs per cell
	10 (0.2 only for SU-MIMO rank 1-4)

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	SCME Urban Macro

	Pathloss model
	128,1 + 37,6 log10(R) dB, (R in km)

	Transmit power
	40 W

	BS antenna configuration
	8 Tx using two different alternatives: 

Alt 1. Four closely spaced ±45° cross-poles with 0.5 λ separation

Alt 2. ULA with 0.5 λ separation and vertical polarization

	UE antenna configuration
	2 Rx: cross-polarized 0°/90°, 0.5 λ separation
4 Rx: two pairs of 0°/90°cross-polarized separated 0.5 λ

	Receiver 
	MMSE with no inter-cell interference suppression

	Scheduler
	Proportional fair in time and frequency

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of RBs per subband
	6

	Feedback CQI delay
	6 ms

	CQI reporting periodicity
	5 ms
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