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1. Introduction

In RAN1 #71 meeting and the e-mail discussion [71-12], reasons of diverse evaluation results of the study item were discussed and evaluation assumptions were made for further enhancement of DL MIMO [1]. To this end, this contribution provides evaluation results for DL MIMO enhancement. The evaluation was performed based on the agreement in [71-12] and two possible feedback enhancements such as finer granularity in terms of beam and frequency (e.g., enhanced 4-tx codebook, feedback reporting mode 3-2). The details on the enhanced 4-tx codebook are described in our companion contribution [2].
2. Evaluation results on DL MIMO enhancement
2.1. Simulation assumptions
In this section, we describe the details on simulation assumptions according to the agreement in [71-12] containing outdoor-indoor ratio, UE density, receiver type, channel estimation, traffic modeling, transmission mode, SU/MU switching and feedback mode. The other parameters are shown in Appendix.
· Outdoor-indoor ratio 
· Both of the agreed user distributions are used, which are (a) the case with 20% outdoor / 80% indoor UE distribution and (b) the case with 100% outdoor UE distribution as provided in [3, 4].
· UE density
· 57cells are deployed and 10 UEs are uniformly distributed per cell.
· Receiver type
· MMSE-IRC receiver is used by assuming that interference covariance matrix is perfectly known.
· Channel estimation
· The channel estimation error is modeled as a zero mean additive Gaussian noise which has the variance in proportion to the interference power. Here, neighboring-cell’s CSI-RS muting with reuse factor 3 is assumed.
· Traffic modeling
· The full-buffer model is used.
· Transmission mode
· TM 10 with single CSI process is used with QCL behavior A for evaluation of DL MIMO enhancement in single point operation.
· SU/MU switching
· The maximum transmitted layer from eNB is up to 2.

· Feedback mode
· PUSCH reporting mode 3-1 and 3-2 are used for the enhancement evaluation with 5 ms feedback periodicity and 5 ms delay between feedback and transmission.
2.2. Simulation results
In Table 1, evaluation results are presented with enhanced CSI feedback such as enhanced 4-tx codebook and reporting mode 3-2. As shown in Table 1, the use of enhanced 4-tx codebook results in the performance gain in both of reporting mode 3-1 and mode 3-2. Considering that the performance gain can be obtained with marginal increment of feedback overhead when enhanced 4-tx codebook is used in reporting mode 3-1, it is worthwhile to introduce the enhanced 4-tx codebook for enhancements of DL MIMO with further optimization. To minimize the standardization effort, the 8-tx codebook structure in Rel-10 can be modified for 4-tx codebook enhancement in Rel-12 as described in [2]. In reporting mode 3-2, the more performance gain can be investigated if an additional feature of real-life implementation such as timing misalignment within co-located antennas is considered.
Table 1. SU/MU-MIMO switching, Cross-polarized antenna with 0.5λ spacing
(a) 20% outdoor/ 80% indoor UE distribution
	
	Avg. Sector Throughput
(bps/Hz)
	5%-tile UE Throughput

(bps/Hz)

	
	3-1 mode
	3-2 mode
	3-1 mode
	3-2 mode

	Rel-8 CB
	2.4334
(0.0%, baseline)
	2.5124

(+ 3.2%)
	0.0591
(0.0%, baseline)
	0.0616

(+ 4.2%)

	Enhanced CB
	2.5062
(+ 3.0%)
	2.6170

(+ 7.6%)
	0.0620
(+ 4.9%)
	0.0658

(+ 11.3%)


(b) 100% outdoor UE distribution
	
	Avg. Sector Throughput
(bps/Hz)
	5%-tile UE Throughput

(bps/Hz)

	
	3-1 mode
	3-2 mode
	3-1 mode
	3-2 mode

	Rel-8 CB
	2.7452
(0.0%, baseline)
	2.7988
(+ 2.0%)
	0.0645
(0.0%, baseline)
	0.0667
(+ 3.4%)

	Enhanced CB
	2.8346
(+ 3.3%)
	2.8997
(+ 5.6%)
	0.0671
(+ 4.0%)
	0.0701
(+ 8.7%)


3. Conclusion
This contribution provided the evaluation results for DL MIMO enhancement in terms of feedback enhancement such as finer granularity in spatial and frequency domain. As in the results, the enhanced 4-tx codebook can be considered as one of DL MIMO enhancements in reporting mode 3-1 with marginal feedback overhead increment.
______________________________________________________________________
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Appendix: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Number of UEs per sector
	10

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU/MU-MIMO

	Channel quality report
	Mode 3-1: Wideband PMI per 50 RBs, Subband CQI per 6 RBs

Mode 3-2: Subband PMI/CQI per 6 RBs
5ms CQI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 4-tx codebook / enhanced 4-tx codebook [2]

	Antenna configuration
	4x2 antenna 

(# of Tx Ant. at Macro node x # of Rx Ant. at UE)

Macro: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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