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1 Introduction
The WI, further downlink MIMO enhancement, has been started in RAN1 71 for LTE-A Rel. 12 [1]. The email thread [71-12] tried to re-align the simulation assumptions for another simulation campaign so that the large discrepancy of different companies’ system level results in the SI phase can be resolved. This contribution reports the system throughput gain of the MIMO enhancements proposed in [2] using the latest assumptions agreed in [71-12].
2 Simulation modeling
We first clarify three important assumptions used in the simulations besides the parameters listed in the Appendix.
a) SU/MU dynamic switching

The scheduler would maximize the composite PF metrics with various MIMO combinations. For example, if a UE reports rank-2 CSI, the scheduler not only tests rank-2 transmission for this UE pairing with another UE but also tests a rank-1 transmission with the better column of the rank-2 precoder pairing with another UE.
b) RLP modeling in FTP traffic model

No RLP retransmission is modeled when one MAC packet exceeds the maximum retransmit limit. The MAC packet is marked as an RLP outage but the remaining bits of the FTP packet are still transmitted.  In the final count, a FTP packet is considered to be lost if its RLP outage rate exceeds 3%.

c) MU-PMI
eNB broadcasts one bit to specify its scheduling preference. If the total number of active UEs is greater than one, eNB sets the bit to 1. Otherwise eNB sets the bit to 0. UE selects PMI optimized for SU-MIMO when this bit is 0. Otherwise UE selects PMI optimized for MU-MIMO. When UE selects PMI optimized for MU-MIMO, UE tests all the columns of each rank-2 precoder and selects the best rank-2 precoder that contains the best rank-1 column vector.
3 Results based on PUSCH 3-1
This section reports the system throughput gain of the proposed MIMO enhancements using PUSCH 3-1 reporting mode.

Table 1 and Table 2 below report system throughput gain of a 6-bit codebook and MU-PMI as proposed in [2] using cross-polarized antennas with small spacing.
Table 1, FTP model 1 SU/MU dynamic switching, scenario A (80% indoor), XX->+
	System throughput testing points
	Rel. 8 4-bit
	6-bit codebook + MU-PMI in [2]

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	3534 (100%)
	3788 (107.2%)

	50% (kbps)
	11173 (100%)
	11494 (103%)

	RU
	57.8%
	53.5%

	Served Throughput (kbps)
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	2169 (100%)
	2298 (106%)

	50% (kbps)
	7117 (100%)
	7326 (103%)

	RU
	100.6%
	97.8%

	Served Throughput (kbps)
	14961
	14961


Table 2, FTP model 1 SU/MU dynamic switching, scenario A (100% outdoor), XX->+
	System throughput testing points
	Rel. 8 4-bit
	6-bit codebook + MU-PMI in [2]

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	3770 (100%)
	4242 (112.5%)

	50% (kbps)
	12348 (100%)
	13072 (105.6%)

	RU
	53.3%
	49.3%

	Served Throughput (kbps)
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	2286 (100%)
	2481 (108.5%)

	50% (kbps)
	7353 (100%)
	7921 (107.7%)

	RU
	98.2%
	93%

	Served Throughput (kbps)
	14961
	14961


Observation 1: The proposed 6-bit larger codebook and the MU-PMI can provide 6%-12% cell edge throughput gain using PUSCH 3-1 for cross-polarized antennas with small spacing.
Table 3 and Table 4 below report system throughput gain of the 6-bit codebook and the MU-PMI as proposed in [2] using cross-polarized antennas with large spacing.

Table 3, FTP model 1 SU/MU dynamic switching, scenario A (80% indoor), X    X->+
	System throughput testing points
	Rel. 8 4-bit
	6-bit codebook + MU-PMI in [2]

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	2987 (100%)
	3058 (102.4%)

	50% (kbps)
	10101 (100%)
	10127 (100.3%)

	RU
	60.4%
	59.1%

	Served Throughput (kbps)
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	1976 (100%)
	2021 (102.3%)

	50% (kbps)
	6689 (100%)
	6791 (101.5%)

	RU
	105.4%
	103.4%

	Served Throughput (kbps)
	14961
	14961


Table 4, FTP model 1 SU/MU dynamic switching, scenario A (100% outdoor), X    X->+
	System throughput testing points
	Rel. 8 4-bits
	6-bit codebook + MU-PMI in [2]

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	3373 (100%)
	3623 (107.4%)

	50% (kbps)
	11396 (100%)
	11976 (105.1%)

	RU
	55.9%
	53.1%

	Served Throughput (kbps)
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	2142 (100%)
	2177 (101.6%)

	50% (kbps)
	7339 (100%)
	7619 (103.8%)

	RU
	101.1%
	98.2%

	Served Throughput (kbps)
	14961
	14961


Observation 2: The proposed 6-bit larger codebook and the MU-PMI can provide 2%-7% cell edge throughput gain using PUSCH 3-1 for cross-polarized antennas with large spacing.
4 Results based on PUSCH 3-2

This section reports the system throughput gain of the proposed MIMO enhancements using PUSCH 3-2 reporting mode. Compared with PUSCH 3-1, PUSCH 3-2 needs to report one PMI per subband and the subband CQI is conditioned on the reported subband PMI instead of wideband PMI.

Table 5 and Table 6 below list system throughput gain of 6-bit larger codebook and MU-PMI as proposed in [2] using cross polarized antennas with small spacing.

Table 5, FTP model 1 SU/MU dynamic switching, scenario A (80% indoor), XX->+

	System throughput testing points
	Rel. 8 4-bit with PUSCH 3-1
	Rel. 8 4-bit with PUSCH 3-2
	6-bit codebook + MU-PMI in [2] with PUSCH 3-2

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	3534 (100%)
	3591 (101.6%)(100%)
	4251(120.3)(118.4%)

	50% (kbps)
	11173 (100%)
	11494 (102.3%)(100%)
	11940(106.9)(103.9%)

	RU
	57.8%
	54.6%
	46.2%

	Served Throughput (kbps)
	9460
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	2169 (100%)
	2320 (108.5%)(100%)
	2502(115.3%)(107.8%)

	50% (kbps)
	7117 (100%)
	7299 (107.7%)(100%)
	7890(110.9%)(108.1%)

	RU
	102.6%
	99.4%
	96.7%

	Served Throughput (kbps)
	14961
	14961
	14961


Table 6, FTP model 1 SU/MU dynamic switching, scenario A (100% outdoor), XX->+
	System throughput testing points
	Rel. 8 4-bit with PUSCH 3-1
	Rel. 8 4-bit with PUSCH 3-2
	6-bit codebook + MU-PMI in [2] with PUSCH 3-2

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	3770 (100%)
	4094 (112.5%)(100%)
	4723(125.3%) (115%)

	50% (kbps)
	12348 (100%)
	12422 (105.6%)(100%)
	13559(109.5%) (109%)

	RU
	53.3%
	50.5%
	46.2%

	Served Throughput (kbps)
	9460
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	2286 (100%)
	2442 (108.5%)(100%)
	2717(118%)(111.3%)

	50% (kbps)
	7353 (100%)
	7737 (107.7%)(100%)
	8511(116%)(110%)

	RU
	98.2%
	95.7%
	89.5%

	Served Throughput (kbps)
	14961
	14961
	14961


Table 7 and Table 8 below list system throughput gain of 6-bit larger codebook and MU-PMI as proposed in [2] using cross polarized antennas with large spacing.

Table 7, FTP model 1 SU/MU dynamic switching, scenario A (80% indoor), X    X->+

	System throughput testing points
	Rel. 8 4-bit with PUSCH 3-1
	Rel. 8 4-bit with PUSCH 3-2
	6-bit codebook + MU-PMI in [2] with PUSCH 3-2

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	2987 (100%)
	3279 (109.7%)(100%)
	3425(114.6) (104.4%)

	50% (kbps)
	10101 (100%)
	10667 (105.6%)(100%)
	10840(107.3) (101.6%)

	RU
	60.4%
	56.2%
	54.7%

	Served Throughput (kbps)
	9460
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	1976 (100%)
	2066 (104.6%)(100%)
	2191(111%)(106%)

	50% (kbps)
	6689 (100%)
	7030 (105.1%)(100%)
	7273(108.7%)(103.4%)

	RU
	105.4%
	101.9%
	99.7%

	Served Throughput (kbps)
	14961
	14961
	14961


Table 8, FTP model 1 SU/MU dynamic switching, scenario A (100% outdoor), X    X->+
	System throughput testing points
	Rel. 8 4-bit with PUSCH 3-1
	Rel. 8 4-bit with PUSCH 3-2
	6-bit codebook + MU-PMI in [2] with PUSCH 3-2

	Traffic Arrival Rate 2.5 packets/second/cell

	5% (kbps)
	3373 (100%)
	3500 (103.8%)(100%)
	4197(124.5%) (119%)

	50% (kbps)
	11396 (100%)
	11730 (102.9%)(100%)
	12270(107.7%) (104.6%)

	RU
	55.9%
	51.9%
	49.6%

	Served Throughput (kbps)
	9460
	9460
	9460

	Traffic Arrival Rate 4 packets/second/cell

	5% (kbps)
	2142 (100%)
	2206 (103%)(100%)
	2472(115.4%)(112%)

	50% (kbps)
	7339 (100%)
	7619 (103.8%)(100%)
	8180(111.4%)(107.4%)

	RU
	101.1%
	98.1%
	94.9%

	Served Throughput (kbps)
	14961
	14961
	14961


Observation 3: PUSCH 3-2 itself can provide 1.6%-12% cell edge throughput gain. The proposed 6-bit codebook and MU-PMI can provide additional 4%-19% cell edge throughput gain. And the combination of PUSCH 3-2, the proposed -bits codebook, and MU-PMI can provide up to 25% cell edge throughput gain over the existing combination of PUSCH 3-1, 4-bit Rel. 8 codebook, and SU-MIMO optimized PMI.
3 Conclusions
In this contribution, we report the system throughput gain using FTP traffic model. Based on the observations 1-3 below:
Observation 1: The proposed 6-bit larger codebook and the MU-PMI can provide 6%-12% cell edge throughput gain using PUSCH 3-1 for cross-polarized antennas with small spacing.
Observation 2: The proposed 6-bit larger codebook and the MU-PMI can provide 2%-7% cell edge throughput gain using PUSCH 3-1 for cross-polarized antennas with large spacing.
Observation 3: PUSCH 3-2 can provide 1.6%-12% cell edge throughput gain over PUSCH3-1. The proposed 6-bit codebook and MU-PMI can provide additional 4%-19% cell edge throughput gain. And the combination of PUSCH 3-2, the proposed 6-bit codebook, and MU-PMI can provide up to 25% cell edge throughput gain over the existing combination of PUSCH 3-1, Rel. 8 4bit- codebook, and SU-MIMO optimized PMI.
We propose:
Proposal: Standardize 1) 6-bit codebook, 2) MU-PMI, 3) PUSCH 3-2 in Rel. 12.
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5 Appendix
Table 9 SLS Simulation Assumptions
	Parameter
	Value

	Traffic model
	FTP model 1 [3], 2.5 or 4 packets/second/cell, 500k bytes file size

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	57 Macro cells

	Total Users in the system
	30 * 57, the generated packet is randomly assigned to each user

	Downlink transmission scheme
	SU/MU dynamic switching with maximum composite rank 2

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Realistic

	CSI-RS modelling
	Each cell of one cell has a different I_CSI_RS, no CSI-RS muting

	CQI reporting mode
	PUSCH 3-1/PUSCH 3-2, rank adaptation enabled

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO beamforming method
	MUZF

	MIMO receiver type
	UERS based MMSE IRC according to 36.829

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Cross polarized antennas

	Control overhead
	L=3, 2 CRS ports, DMRS

	Channel model
	ITU UMa

	Link error prediction technique
	EESM

	Inter cell interference modelling
	Realistic
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