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1 Introduction
In this contribution, we show some initial results for DL MIMO enhancements WI under realistic assumption of non-full buffer traffic for a MIMO system with a 4 Tx eNB and 2 Rx UE. In [1], we discuss further about CSI feedback enhancements in this WI. 

2 Simulation results
To asses the performance benefit of introducing a new codebook and PUSCH mode 3-2, system level evaluations has been performed with dynamic SU/MU switching, TM10 with a single CSI process and 4x2 MIMO. Additional simulation assumptions are found in the Appendix and the grid of beam (GOB) precoding codebook is described in [1].   

We have simulated four different CSI feedback schemes, where the PUSCH 3-1 + HH is the Rel.11 scheme using the Rel.8 House Holder codebook and existing Rel.11 feedback mode (using CSI-IM). The other three schemes are potential Rel.12 candidates with GOB codebook and/or the well known PUSCH 3-2 feedback mode using sub-band CQI and sub-band PMI. It shall be noted that the feedback overhead for GOB codebook is lower than for HH codebook due to the dual codebook structure. 
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Figure 1 Resource utilization for the non-full buffer simulations and 80% indoor UEs. HH is the Rel.8 House Holder codebook.

Figure 1 shows the resource utilization (RU) as a function of user arrival rate. We show results for five different user arrival rates, from one that gives an extremely high load above 75% RU down to about 18% RU. The figure shows that when the enhancements are added, the RU drops somewhat indicating that the user’s packet transfer is completed faster. 
[image: image2.emf]0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

3.14 2.78 2.28 1.67 1.04

User arrival rate [UE/s/cell]

Normalized user throughput [bps/Hz/user]

PUSCH 3-1 + HH

PUSCH 3-1 + GOB

PUSCH 3-2 + HH

PUSCH 3-2 + GOB

+6% +14%

+26% +3% +14%

+20%

+4% +10%

+16%

+2% +5%

+8%

+1% +4%

+4%


Figure 2 Normalized user throughput with codebook enhancement [1] and/or PUSCH mode 3-2. Non-full buffer simulations and 80% indoor UEs. HH is the Rel.8 House Holder codebook. The percentages indicate the gain with respect to Rel.11 operation, for each arrival rate.
Figure 2 shows the normalized user throughput at various user arrival rates. At extremely high loads, the combination of PUSCH mode 3-2 and GOB could give up to 26% cell throughput gains and at more normal loads at 25% RU (1.67 UE/s/cell), the gains are below 10% compared to Rel.11 operation. 

Figure 3 shows the corresponding cell edge normalized throughputs which also shows very promising gains at high load for PUSCH mode 3-2. It seems that codebook enhancements with GOB [1] alone does not give any significant performance benefit, only 6% and below for various user arrival rates, but when combined with PUSCH mode 3-2, there seem to be better use of an enhanced codebook, which is natural since there is only limited benefit of increasing the codebook performance if the PMI feedback is anyway wideband as in mode 3-1. 

It seems that the enhancement that PUSCH 3-2 mode gives is especially useful for the deep indoor cell edge users, which can be scheduled larger transport blocks and thus empty their buffers faster. It should be noted as well in these results that MU-MIMO is not frequently scheduled unless the load and resource utilization is very high, so these results indicate a gain also for SU-MIMO operation.  

Observations:

· PUSCH 3-2 is a promising candidate for enhancing SU and MU-MIMO performance.
· If PUSCH 3-2 is introduced, then a GOB codebook would increase the gain further at high loads. 
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Figure 3 Cell edge normalized user throughput with codebook enhancement [1] and/or PUSCH mode 3-2. Non-full buffer simulations and 80% indoor UEs. HH is the Rel.8 House Holder codebook. The percentages indicate the gain with respect to Rel.11 operation, for each arrival rate.
3 Conclusions

In this contribution we have observed that PUSCH 3-2 provides considerable gain in the agreed setup with non-full buffer simulations. Further evaluations using 2 Tx and 8 Tx antennas needs to be performed as well as for the 100% outdoor UE open space case. The GOB codebook [1] show promising results and provides some additional gain on top of a 3-2 enhancement. 

We thus propose the following

Proposal: Make a working agreement on inclusion of aperiodic PUSCH 3-2 feedback in Rel.12 and continue study the details until next meeting. 

Proposal: Study and evaluate  further a new 4 Tx codebook based on 8 Tx codebook principles
4 References
[1]  R1-130554,”On CSI feedback enhancements”, Ericsson, ST-Ericsson

5 Appendix

Table 1: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Traffic Model 
	FTP type 1, 0.5 Mbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF, dynamic MU/SU scheduling

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback modes
	3-1, 3-2

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pole

	Macro antenna configuration
	3GPP Antenna model, XX setup with (/2 spaced columns, 15°downtilt

	Macro point transmit power
	40 W

	MU-MIMO
	Max 2 layers per UE, max 4 in total

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM
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