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1
Introduction

In the previous meeting, system simulation assumptions were agreed. In addition, several companies have showed initial system-level results for MUST technology [1], [2], [3] and [4].  With full-buffer traffic, the highest average MUST 2Tx gains were observed in [1] (around 20%) and the lowest gains have been observed in [3] (around 10%). In this paper, we show MUST system-level evaluation with simulation assumptions agreed in RAN1 #81 meeting. In addition, we investigate the benefit of a UE CSI feedback enhancement to the MUST performance.
2
PMI forcing and CSI feedback
The “same PMI” restriction, endorsed in previous RAN1 meeting, on one side simplifies the downlink signalling and receiver processing; on the other side decreases the possibility to find pairs of suitable MUST users. Naturally, a PMI forcing at the eNB may be performed to unify the transmit-spatial-precoder of two users that reported different PMIs, in other words the PMI of the far or near UE may be used for both users. However, PMI forcing causes two issues: 1) precoding gain loss and 2) loss of implicit CQI knowledge. 
Observation 1: The “same PMI” restriction impacts the MUST utilization.

Observation 2: PMI forcing for MUST pairing causes precoding gain loss and loss of implicit CQI knowledge.

The 2nd best PMI and CQI feedback may overcome above issues to some degree. If the second best PMI is available at the eNB, it may pair UEs that intersect in one or both (the best and 2nd best) reported PMIs. Table 1 summarizes situations that may occur when the best and the 2nd best PMI [image: image2.png]


 is reported by two users, [image: image4.png]


. 
Table 1 PMI forcing with the best and 2nd best feedback at the eNB

	Case
	Conditions
	PMI Action

	1
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	Use the best PMI for both UEs 

	2
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	Create two PF pair entries: one where the  UE1 best PMI is kept; and one where  the UE2 best PMI is kept 

	3
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	Force UE2 PMI to the UE1 PMI

	4
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	Force UE1 PMI to the UE2 PMI

	5
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	Force both UEs PMIs to their 2nd best PMIs


Together with each PMI, a CQI is reported, therefore transmitter uses always reported SU-MIMO CQI, corresponding to PMI used. The wideband 2nd best feedback comes with low UE complexity (quite likely it is known from the process of finding the best PMI) and low feedback overhead.
3
System results
This section presents the results obtained by LTE system-level simulator. We perform wideband scheduling and we restrict feedback to rank-1 only. The MUST receiver is assumed as CWIC and it is considered to be ideal, nevertheless channel estimation error is taken into account for MMSE-IRC detection. We simulate full-buffer traffic with 10UEs per sector. Gray encoding is not enforced to the super-constellation. Detailed simulation assumptions can be found in the Appendix. Table 2 and Table 3 show the 2Tx and 4Tx performance of baseline SU-MIMO, MUST without PMI forcing and MUST with PMI forcing options described in Table 1 of Section 2. When PMI forcing is not used, the scheduler pairs only users that reported the same PMI. The full-buffer gains are smaller in 4Tx due to small pairing probabilities. When the 2nd best PMI feedback is available at the eNB, the MUST utilization as well as system gain are increasing. 
Observation 3: Proposed low cost CSI feedback enhancement improves MUST performance.

Proposal 1: Consider low cost CSI feedback enhancement improvements in MUST.

Table 2 System level spectral efficiency with 2Tx and 2 Rx antennas (bps/Hz)
	Case
	
	
	5% Cell edge 
	%
	Cell average
	%
	
	

	Baseline
	
	
	0,329
	-
	1,50
	-
	
	

	MUST w/o PMI forcing
	
	
	0,351
	+14,33 
	1,66
	+12,01
	
	

	MUST w PMI forcing
	
	
	0,365
	+18,89 (+4.56)
	1,71
	+14,79 (+2.78)
	
	


Table 3 System level spectral efficiency with 4Tx and 2 Rx antennas (bps/Hz)
	Case
	
	
	5% Cell edge
	%
	Cell average
	%
	
	

	Baseline
	
	
	0,355
	-
	1,77
	-
	
	

	MUST w/o PMI forcing
	
	
	0,424
	+19,31
	1,91
	+7,76
	
	

	MUST w PMI forcing
	
	
	0,438
	+23,21 (+3.9)
	1,95
	+10,34 (+2.58)
	
	


4
Conclusions

In this contribution we have been presenting system-level results of MUST performance. The following observations and proposals can be summarized:
Observation 1: The “same PMI” restriction jeopardizes the MUST utilization.

Observation 2: PMI forcing for MUST pairing causes precoding gain loss and loss of implicit CQI knowledge.

Observation 3: Proposed low cost CSI feedback enhancement improves MUST performance.
Proposal 1: Consider low cost CSI feedback enhancement improvements in MUST.
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Appendix
Table 4 Simulation Assumptions

	Layout 
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m) 

	System bandwidth per carrier 
	10 MHz 

	Carrier frequency 
	2.0 GHz 

	Total BS TX power (Ptotal per carrier) 
	46 dBm 

	Distance-dependent path loss 
	ITU UMa 

	Penetration loss 
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link) 

	Shadowing 
	ITU Uma 

	Antenna pattern 
	3D (referring to TR36.819) 

	Antenna Height: 
	25 m 

	UE antenna Height 
	1.5 m 

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE 
	ITU UMa 

	Antenna configuration 
	BS: 2Tx (0.5 lambda), cross-polarized
UE: 2Rx (0.5 lambda), cross-polarized 

	Number of UEs per cell 
	10 

	UE dropping 
	20% UEs are outdoor and 80% UEs are indoor. 

	Minimum distance from macro-cell to UEs 
	35 m 

	Traffic model 
	Full buffer 

	UE receiver 
	IRC (CRS based) for rank 1 

	Transmission  mode 
	2x2 TM4 (rank1 only) 

	UE noise figure 
	9 dB 

	UE speed 
	3 km/h 

	Cell selection criteria 
	RSRP 

	Handover margin 
	3 dB 

	Scheduling algorithm 
	Proportional fairness maximization 

	HARQ 
	Redundancy Version 

	Feedback 
	WB rank1 only 

	CQI quantization 
	Yes 

	Codebook 
	2Tx/4Tx LTE Rel. 8 

	Power ratio sets 
	Pnear=0.1:0.05:0.4 

	OLLA 
	Yes 

	Number of superposed signals in superposition transmission 
	2 

	Channel Estimation 
	Realistic 

	EVM 
	Tx/Rx 4/8% 


