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1. Introduction

The robustness of rank adaptation was identified as one of the real life issues in DL MIMO deployments [1]. Another related problem is the rank ill-match problem [2] [3] [4], which was briefly discussed during Rel. 10 development. Due to the variety of antenna configurations and traffic patterns geographically distributed over the cell, the eNB scheduler may dynamically select SU-MIMO or MU-MIMO transmissions to maximize the system capacity. Usually the MU-MIMO gain is more obtainable if there are a large number of active UEs. On the other hand, SU-MIMO works well for a small number of active UEs or insufficient spatial separations among active UEs. In this contribution, we investigate the rank ill-match problem in heterogeneous networks and propose one possible solution.
2. Rank ill-match in HetNet
Range Expansion (RE) techniques were proposed in Rel. 10 eICIC for offloading the traffic from Macro layer to Pico layer. Some cell edge Macro UE(s) are converted to Pico UE(s) by the RSRP bias. Thus the remaining Macro UE(s) will have higher Geometry SINR than no RE case.  Figure 1 illustrates the geometry SINR improvement of the macro UE(s) as the CRE bias increases.
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Figure 1, The geometry improvement in Macro UE(s) with CRE bias increase.
As the geometry SINR increases, the Macro UE tends to report more and more high rank CQI reports.  However, the high rank report is less useful than low rank ones for MU-MIMO transmissions. Namely, the UE reports what the eNB doesn’t need.  Therefore, the RE techniques worsens the rank ill-match problem. Similarly, in the networks with geographically unbalanced traffics, rank ill-match problem can also occur.
Observation: In HetNet and the scenario with geographically unbalanced traffic, where one cell can have many UEs with high geometry SINR but the eNB prefers MU-MIMO transmissions, the rank ill-match problem gets worse.
3. Solutions for rank ill-match problem
The rank ill-match problem can be solved by improving the way calculating the RI/PMI/CQI. The calculation can be optimized for either MU-MIMO or SU-MIMO and accommodate the need of the other especially for high rank reports.  For example, the calculation for rank-2 in favour of MU-MIMO may always include the rank-1 precoder as its first column in the rank-2 precoder.  This improves MU-MIMO performance at the cost of degradation in SU-MIMO.  We give two ways to compute RI/PMI/CQI in the Appendix, where one algorithm is in favour of SU-MIMO and the other is in favour of MU-MIMO. The eNB may send signalling bits to the UE to switch between the two. The eNB’s preference could be subframe subset specific. After receiving these signalling bits from the eNB, the UE can choose an appropriate RI/PMI/CQI calculation method for the specified subframe subset.
4. System level simulation results
We have simulated the system performance using the agreed CoMP simulation methodology for CoMP scenario 3 and 4. The major simulation parameters are listed in the Appendix. 18dB CRE is applied to the Pico eNB(s) and 1/2 subframes in the Macro eNB(s) are configured as ABS. The research focus is on the Macro UE(s) since the rank ill-match problem is expected to be mostly severe for those UE(s) as discussed in Section 2. The SE numbers have been normalized according to the ABS ratio.
Table 1, System level simulation results for closely spaced cross pol
	Throughput Reference Point
	PMI search in favour of SU
	PMI search in favour of SU/MU

	5% (bps/Hz)
	0.04 (100%)
	0.046 (115%)

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


Table 2, System level simulation results for closely spaced ULA
	Throughput Reference Point
	PMI search in favour of SU
	PMI search in favour of SU/MU

	5% (bps/Hz)
	0.103 (100%)
	0.13 (127.5%)

	Cell Avg (bps/Hz)
	2.57 (100%)
	2.78 (108%)


Observation 2: Significant throughput gain is observed for MU-MIMO when using RI/PMI search method which is optimized for MU-MIMO.
5. Conclusion
In this contribution we investigate on the rank ill-match problem in heterogeneous networks, which is identified in Rel. 10 but not solved yet. We have found that this problem is more severe for the Macro UE(s) when CRE is applied to the Pico eNB(s). In geographically unbalanced traffic scenario, the problem is also expected to be severe. A simple solution is that the eNB sends signalling bits to the UE to select the RI/PMI/CQI calculation for a given subframe subset and the UE computes the RI/PMI/CQI accordingly. Because MU-MIMO requires multiple active UEs involved the signalling bits sent by the eNB has a broadcasting nature but could also be delivered through RRC. 
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7. Appendix
I. Rank adaptation and PMI selection algorithm in favour of 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]


 and [image: image9.png]


 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 in favour of 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 principle eigen vector will be chosen. However when UE is performing PMI search in rank 2, sometimes two non-principle eigen vectors will have higher capacity than the principle eigen vector with another vector which is orthogonal to the principle eigen vector. Thus when eNB receives the rank 2 PMI report and wants to extract the principle 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 3, 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

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

	Users per cell
	30

	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 in CoMP methodology

	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

	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


