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1. Introduction

MU-MIMO enhancement remains to be an important topic in DL MIMO SI [1]. Since RAN1 66 good progress has been made in defining the prioritized scenarios and the related simulation assumptions [5]. During the MU-MIMO performance enhancement discussion in Rel. 10 and Rel. 11, the CSI mismatch issue has been identified in [2] [3] [4] and different solutions have been proposed in those contributions as well. Those contributions reach a consensus as follows. Although individual UE reports CSI that maximizes its own throughput, these reports don’t necessarily maximize the overall system throughput as there is a mismatch between what eNB needs for overall throughput and what individual UE currently sends. This CSI mismatch problem is more severe when eNB wants to perform MU-MIMO pairing but most of the received CSI reports are optimized for high rank SU-MIMO. This contribution further investigates this CSI mismatch issue in operator prioritized scenario [5]. 
2. Discussion on CSI mismatch
One general observation is that eNB has access to all active UEs’ CSI reports but each UE can only see its own CSI. In order to benefit from MU-MIMO transmissions, two conditions need to be met.

MU-MIMO Condition 1: Number of active UEs should be large enough to perform MU-MIMO transmission, minimum two.
MU-MIMO Condition 2: There is sufficient spatial separation among the UEs (at least among UE’s principle Eigen beam).
How eNB switchs between SU-MIMO and MU-MIMO may be described in Figure 1.
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Figure 1. The flow chart of eNB dynamically adapts SU-MIMO and MU-MIMO transmissions to the traffic and UE spatial distribution changes.
We have several observations on the eNB operation in the chart. First, eNB stays in and dynamically switches between two states, SU-MIMO and MU-MIMO. Second, when eNB switches from one state to the other, the CSI reports from the UEs also need to be switched accordingly for maximizing the throughput of the new state. For example, if the aforementioned conditions are met, the eNB may switch to MU-MIMO state and the original CSI reports optimized for high rank SU-MIMO may be no longer useful for MU-MIMO. Third, the switching can be back and forth involving multiple UEs and the eNB. For example, the eNB may find enough active UEs for MU-MIMO and signal the switching to MU-MIMO. However, after reading the MU-MIMO CSI reports, the eNB may realize that the spatial separation among the UEs is not sufficient for MU-MIMO and signal the switching back to SU-MIMO right away. Based on the observations, we conclude that a switch indication is needed for the UEs to change CSI report target. Furthermore, one bit is enough for the indication because there are only two states. Finally, the indication bit may be broadcasted since MU-MIMO operation requires multiple UEs’ CSI reports targeted for MU-MIMO scheduling.  In sum, we have
Remark 1: eNB needs at least one bit that tells an active UE to switch between SU-MIMO optimized CSI reporting and MU-MIMO optimized CSI reporting.
Remark 2: Although eNB can send the switch indication by unicast, broadcasting the switch indication is more efficient since multiple UEs not just a single one need to be switched to MU-MIMO reporting for the eNB to schedule and perform MU-MIMO.
3. System level simulation results
In this section we give system level results for operator prioritized scenarios [5]. Detailed simulation parameters are listed in the appendix. We only simulate the CSI reporting methods optimized for MU-MIMO transmission and compare the performance with the one optimized for SU-MIMO. The CSI reporting methods optimized for SU-MIMO and MU-MIMO, which employ different PMI search criterions, are described in the appendix, respectively. Although there are enough UEs and they all send in MU-MIMO CSI reports, the eNB may still not be able to perform MU-MIMO transmission if the spatial separation is not enough. In this case, the eNB may prefer conducting high rank SU-MIMO transmission using the received MU-MIMO CSI report rather than waiting for new SU-MIMO CSI report. For enabling this fallback SU-MIMO operation, the UE may report a PMI with the principal eigen vector as the first column and additional orthogonal columns for high rank transmission. In other words, even if the UE determines to report a rank greater than one in MU-MIMO state, the corresponding high rank precoder always contains the UE’s principal eigen beam. 
Table 1, System level simulation results for homogeneous networks (Scenario A) (M, P, U) = (X X, X X, +), 10UE/cell
	Throughput Reference Point
	SU-MIMO optimized CSI reporting
	MU-MIMO optimized CSI reporting

	5% (bps/Hz)
	0.04 (100%)
	0.045 (110%)

	50% (bps/Hz)
	0.139 (100%)
	0.146 (105%)

	Cell Avg (bps/Hz)
	1.69 (100%)
	1.71 (101%)


Table 2, System level simulation results for heterogeneous networks (Scenario C1) (M, P, U) = (||||, ||||, ||), 30UE/macro cell, 29% macro attach ratio, Pico SE
	Throughput Reference Point
	SU-MIMO optimized CSI reporting
	MU-MIMO optimized CSI reporting

	5% (bps/Hz) in C1, Pico
	0.115 (100%)
	0.119(104%)

	50% (bps/Hz) in C1, Pico
	0.45 (100%)
	0.465 (103%)

	Cell Avg (bps/Hz) in C1, Pico
	2.88 (100%)
	2.93 (102%)


Table 3, System level simulation results for heterogeneous networks (Scenario B) (M, P, U) = (X X, X X, +), 30UE/macro cell, 6dB RSRP bias applied to Pico, ABS ratio 2/8 at Macro, Macro SE (normalized by 6/8)
	Throughput Reference Point
	SU-MIMO optimized CSI reporting
	MU-MIMO optimized CSI reporting

	5% (bps/Hz) in C1, Pico
	0.056 (100%)
	0.072(129%)

	50% (bps/Hz) in C1, Pico
	0.26 (100%)
	0.25 (97%)

	Cell Avg (bps/Hz) in C1, Pico
	1.83 (100%)
	1.85 (101%)


In the prioritized scenarios, PMI search method optimized for MU-MIMO with SU-MIMO fallback outperforms the one optimized for SU-MIMO in all cases except one. At the cell edge, the gain is more apparent, up to 29%. 
4. Conclusion
In this contribution we further discuss the CSI mismatch problem in operator prioritized scenarios. Namely each UE is reporting SU-MIMO optimized CSI report but eNB would like to perform MU-MIMO transmission when number of active UEs is enough and there is enough spatial separation among the active UEs. Since eNB judges better than UE whether MU-MIMO or SU-MIMO to be beneficial to the system throughput, it can tell all active UEs to report either SU-MIMO optimized CSI report or MU-MIMO optimized CSI report dynamically. One bit broadcasting signalling is needed for this purpose. Because of the frequent and dynamic switching between MU-MIMO and SU-MIMO reporting due to the fluctuation of both active UEs number and spatial separation, broadcasting signalling seems to be more efficient than unicasting signalling for timely generating sufficient reports adapting to the channel variation.
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6. Appendix
I. Rank adaptation and PMI selection algorithm optimized for SU-MIMO
When UE is performing rank adaptation, the PMI search algorithm can be described as below equation:
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 is the codebook having rank [image: image7.png]
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 is the measured channel covariance matrix for certain band and [image: image11.png]


 is the best PMI for rank [image: image13.png]


.  After the best PMI for rank [image: image15.png]


 is determined, UE can select the best rank using equation (2):
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 is the channel matrix of interests and [image: image21.png]SINR



 is the per Rx antenna SINR.
And UE will report the best rank and the best PMI for the best rank accordingly. This algorithm can maximize the capacity of SU-MIMO when rank adaptation is performed.
II. Rank adaptation and PMI selection algorithm optimized for MU-MIMO
When UE is performing rank adaptation and reports rank 2, it needs to report one rank 2 precoder and two CQIs with each relates to one column of the rank 2 precoder. Because the LTE Rel. 8 4Tx codebook has nesting structure, all the rank 2 precoder having the same PMI value as rank 1 contains the corresponding rank 1 precoder as its first column. But this doesn’t guarantee the best rank 2 PMI will always equal to best rank 1 PMI.
When UE is performing PMI search in rank 1, usually the principal eigen vector will be chosen. However when UE is performing PMI search in rank 2, sometimes two non-principal eigen vectors will have higher capacity than the principal eigen vector with another vector which is orthogonal to the principal eigen vector. Thus when eNB receives the rank 2 PMI report and wants to extract the principal eigen vector from the rank 2 precoder, sometimes it can’t find it.
One method to overcome this is to ensure that the rank 2 precoder always contains the principal eigen vector. Or in other words that UE decides the PMI always assuming rank 1 and decides the RI using the same PMI. Thus the first step is to determine the PMI regardless of the reporting rank and it can be described as equation (3):
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The best PMI for higher rank is assumed to be the same as rank 1 PMI to utilize the nesting structure of the Rel. 8 4Tx codebook.
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Then UE will perform rank adaptation according to equation (2).
This method ensures that the best higher rank precoder always contains the principal eigen vector which can be used for MU-MIMO transmission. As a price, the SU-MIMO performance will be degraded.
Table 4, SLS Simulation Assumptions
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	Hexagonal grid, 19 Macro cell sites, 3 sectors per site
4 Pico(s)/Macro cell

MIMO scenario A, C1 (co-channel) and MIMO scenario B

	eNB Tx power
	46dBm at Macro, 30dBm at Pico

	Users per cell
	30, clustered dropping according to config 4b

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

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Ideal

	CSI-RS modelling
	Ideal

	CQI reporting mode
	PUCCH 1-1 with rank adaptation between 1 and 2

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Closely spaced XPol at both Macro and Pico
Closely spaced ULA at both Macro and Pico
XPol at UE, ULA at UE

	Control overhead
	L=3, 2 CRS ports, DMRS, CSI-RS

	Channel model
	ITU UMa to Macro and ITU UMi to Pico

	Link error prediction technique
	EESM

	Inter cell interference modelling
	Realistic
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