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1 Introduction
This contribution presents enhancement performance of MU-CQI assuming 8 and 16 transceiver units (TXRUs). According to the SID [1], the objective of the RAN1 is to understand performance benefit of standardized enhancements for realizing multi-user spatial multiplexing (i.e. MU-MIMO). One of the key discussion points related to MU-MIMO is the specification support for channel state information (CSI) that allows the eNB to perform link adaptation when spatially multiplexing signals for different UEs. This contribution demonstrates the benefits of CSI enhancement for MU-MIMO.
2 Antenna Configurations for Evaluation

For evaluating the legacy and MU-CQI, we consider the following antenna configuration and TXRU mappings. Note that antenna array structure for each column is cross-polarized (P=2) where M is the number of antenna elements with the same polarization in each column, N is the number of columns.
· 2D antenna configuration: same antenna array configuration is used for both systems:
· M=8, N=4 and P=2

· TXRU mappings :
· Legacy configuration : M=8, N=4, P=2 and Q=8
· FD-MIMO configuration : M=8, N=4, P=2 and Q=16

For illustrative purposes, we provide the evaluated antenna configurations for 8 and 16 TX MIMO in Figure 1. Each column consists of two or four TXRUs and there are four columns in total.
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Figure 1: Antenna element to antenna port mappings.
In current specification, multi-user spatial multiplexing is supported via two orthogonal DMRS ports and two scrambling sequences. However, UEs generate and report RI/PMI/CQI under the assumption of SU-MIMO transmission at the eNB. As a result, in order for an eNB to schedule multi-user spatial multiplexing in a legacy system, the eNB needs to recalculate RI/PMI/CQI taking into account the mutual interference between co-scheduled UEs. Since there is no support for efficiently measuring such inter-user interference at the UE side, it is totally up to eNB implementation. Note that even with eNB’s recalculation on the RI/PMI/CQI reported by the UE, the channel information with which it can work with is quite limited.
Due to the lack of specification support, it is there is a discrepancy in the assumption made by the UE in generating SU-CSI and the actual multi-user spatial multiplexing channel status. Such discrepancy leads to the so called ‘CQI mismatch’ problem which happens in case of multi-user spatial multiplexing when there is a mismatch in the MCS level scheduled by the eNB and the MCS level that is adequate for the UE. In other words, the RI/PMI/CQI which is recalculated in eNB side for MU transmission would be different from what the UE would prefer in an actual multi-user spatial multiplexing. The CQI mismatch results in system throughput degradation either due to under-utilized wireless resources (scheduled MCS too low for channel) or overly aggressive link adaptation (scheduled MCS too high for channel). Such performance degradation (relative to the achievable system throughput) is expected to worsen as the number of TXRU’s is increased for FD-MIMO.
In order to evaluate/identify performance with MU-CQI, single user transmission is compared to multi-user spatial multiplexing with and without MU-CQI:

· Case 1: SU transmission with preferred precoding and CQI under the assumption of single user spatial multiplexing.
· Case 2: MU transmission with preferred precoding and CQI under the assumption of single user spatial multiplexing.
· Case 3: MU transmission with preferred precoding under the assumption of single user spatial multiplexing and CQIs calculated under the assumption of multi-user spatial multiplexing.
In all of the above cases, UE’s preferred precoding is selected under the assumption of single user spatial multiplexing at the eNB. Both case 2 and case 3 evaluate the performance of multi-user spatial multiplexing but case 3 has the benefit of MU-CQI while case 2 does not.
3 Performance evaluation
In this section, system-level simulation results obtained for multi-user spatial multiplexing under full-buffer traffic model in 3D-UMa with ISD 500m, 3D-UMa with ISD 200m, and 3D-UMi are summarized. For MU scheduling, each UE’s rank was limited to one for evaluation simplicity and we considered sub-optimal PF scheduling where the scheduler chooses one highest PF user first and adds co-scheduled UEs considering MU interference based on reported rank-1 PMI by UEs. In order to report UE’s preferred precoding, Rel-10 8 TX codebook is considered for legacy configuration. Compared to legacy configuration, in FD-MIMO configuration, codebook based on Kronecker product (Rel-10 8TX codebook in horizontal dimension, and Rel-8 2TX codebook in vertical dimension) is considered. For case 1, multi-rank transmission is supported in horizontal dimension, but rank in vertical dimension is restricted to 1.
The average cell throughput and 5% user throughput in 3D-UMa with ISD 500m, 3D-UMa with ISD 200m and 3D-UMi environments are provided in Table 1. Following observation can be made:

· Multi-user spatial multiplexing with MU-CQI provides up to 27% performance gain compared to the case without MU-CQI
Note that the evaluation results for multi-user spatial multiplexing provided in this contribution are based on sub-optimal scheduler. Also the number of TXRUs considered in this contribution is limited to 8 or 16 and only up to four (Q=8) or six (Q=16) rank-1 UEs are co-scheduled. Additional performance enhancement could be possible if a more optimized scheduler is used.

Table 1. Relative average cell throughput and 5% edge UE throughput with 8 and 16 TXRUs (3D-UMa with ISD 500)
	Scheduler
	SU-MIMO
	MU-MIMO with SU-CQI
	MU-MIMO with MU-CQI

	eNB antenna configuration
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]

	Q=8
	3D-UMa ISD 500m
	100%
	100%
	104%
	104%
	130%
	97%

	
	3D-UMa ISD 200m
	100%
	100%
	110%
	97%
	136%
	95%

	
	3D-UMi ISD 200m
	100%
	100%
	103%
	105%
	131%
	100%

	
	Note
	Reference
	Reference
	
	
	
	

	Q=16
	3D-UMa ISD 500m
	100%
	100%
	107%
	147%
	133%
	137%

	
	3D-UMa ISD 200m
	100%
	100%
	110%
	143%
	135%
	136%

	
	3D-UMi ISD 200m
	100%
	100%
	114%
	152%
	142%
	150%

	
	Note
	Reference
	Reference
	
	
	
	


In 3D-UMa with ISD 500m, it can be observed that case 3 shows up to 25% higher performance in cell average throughput compared to the system with case 1. In 3D-UMa with ISD 200m, system with case 3 shows up to 24% better performance in cell average throughput. In 3D-UMi, system with case 3 performs up to 27% better in cell average throughput than the system with case 1. 
Based on observations summarized above, we propose that CSI feedback enhancement for multi-user spatial multiplexing be supported for FD-MIMO in Rel-13.

Proposal:
· Considering the performance benefits of MU-CQI and the importance of multi-user spatial multiplexing for FD-MIMO, we propose that CSI feedback enhancement for multi-user spatial multiplexing be supported for FD-MIMO in Rel-13.
4 Conclusions
This contribution presented system level simulation results of SU and MU-MIMO transmission with M=8, N=4, P=2, Q=8 and 16 configuration with SU-CQI and MU-CQI. The observation and proposal in this contribution are summarized as follows: 
Observation:
· Multi-user spatial multiplexing with MU-CQI provides up to 27% performance gain compared to the case without MU-CQI

Proposal:
· Considering the performance benefits of MU-CQI and the importance of multi-user spatial multiplexing for FD-MIMO, we propose that CSI feedback enhancement for multi-user spatial multiplexing be supported for FD-MIMO in Rel-13.
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Appendix (System simulation parameters)
	Parameters
	Value

	Homogeneous scenarios
	3D-UMa ISD 500m, 3D-UMa ISD 200m with 41dBm Tx power (for 10MHz), 3D-UMi ISD 200m

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	Full buffer model

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz for 3D UMi and 3D UMa with 200 m and 500 m ISD, 3.5 GHz for 3D UMi 
3.5 GHz only for 3D UMa with 200 m ISD

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-2 for non-reciprocity operation (PUSCH 3-0 for reciprocity based operation)

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Kronecker product based 2D codebook with Rel-10 8Tx codebook in horizontal dimension and DFT codebook in vertical

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	CSI-RS, CRS
	CSI-RS, CRS: CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Downtilt
	Antenna downtilting angle θetilt = [102] degree for 3D-UMa ISD 500m, 3D-UMi ISD 200m and θetilt = [106] degree for 3D-UMa ISD 200m

	CSI-RS/SRS periodicity
	5 msec
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