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1. Introduction

In RAN1#65 meeting, some issues from real-life DL MIMO deployments were discussed. In [1]-[4], some viewpoints on issues with rank adaptation were provided. In this contribution, we present our views on rank adaptation in real-life transmission, and provide some preliminary simulation results in different deployments scenarios. 
2. Rank adaptation 
In LTE, rank adaptation is supported in DL MIMO transmission through CSI feedback from UE to eNB. Dynamically changing the RI accordingly to suit the MIMO channel, both the throughput and coverage can be improved.
In practice, there are many factors such as actual scheduling and non-ideal factors which may influence the performance of rank adaptation. 
· Actual scheduling: the current channel state information reporting mechanism is based on the assumption of SU transmission which means the reported rank is optimized for SU transmission. Actually, eNB will perform different scheduling strategies according to practical scenario, e.g. MU-MIMO transmission. To perform MU-MIMO transmission, the eNB needs to pair, e.g. two UE according to the CQI/PMI/RI reports from all the active UEs. Since each CQI/PMI/RI report assumes only SU-MIMO transmission, the accuracy of RI and CQI after user pairing is not guaranteed even if the reporting is very accurate.
· Non-ideal factors: in practical communication system, there are many non-ideal factors e.g. channel estimation error, measurement error, interference fluctuation, feedback delay, etc. 
It is difficult to get a robust rank adaptation, especially when interference changes dramatically. However, eNB can adjust the feedback and transmission in order to resolve the potential problems and ensure the system performance to large extent.
· Semi-static adjustment: adjusting a suitable ratio of PDSCH EPRE to CRS or CSI-RS EPRE when the interference on the PDSCH can be lower than on the measure reference signals for a UE which will result in pessimistic rank and CQI estimation.
· Dynamic adjustment: eNB can also regulate MCS through outer loop control and adjust transmitting power by power control mechanism which will guarantee the applicability of reporting CSI for eNB scheduling indirectly. 
3. Performance evaluation
3.1  Rank adaptation in homogeneous deployment
In this section, link level simulation is performed to evaluate SU-MIMO performance with fixed rank and rank adaptation. The prevalent closely spaced cross-pole antenna configuration and ideal antenna calibration are considered. In rank adaptation, eNB adopts reported rank by UE without any modification and rank estimation algorithm named “algorithm 1-2” which is described in section 3.2, is used. More simulation assumptions can be found in the appendix, Table A1.
From Figure 1, we can see that in homogeneous deployment，using appropriate rank estimation algorithm，good performance of rank adaptation can be obtained under current mechanism when the interference doesn’t change or changes slowly. In practice, such environment doesn’t exist, however, due to a variety of non-ideal factors, such as, interference fluctuation, measurement errors, feedback delay; it is difficult to further improve the performance of rank adaptation. 
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Figure 1: Performance of fixed and adaptive rank in 4Tx
3.2 Rank adaptation in power imbalance deployment 

In this section, we evaluate the impact of received power imbalance on rank adaptation. The performance of SU-MIMO transmission is provided with fixed rank and adaptive rank. 2 CRS ports and un-correlated channel are assumed and the received power of port 0 is greater than that of port 1. Various ranges of power imbalance are considered as listed in Table 1. The performance is provided in figure 2 and 3 where horizontal axis is Es/No of CRS port 0. Other simulation parameters and assumptions are listed in the appendix, Table A2.
Table 1: the value of Es/No for 2 CRS ports 
	 
	Es/No in dB

	CRS port 0
	10  11.2  12.5  14  15  17.5  21  25.4  40

	CRS port 1
	10  9.2   8.5   8   7   6.5   6   5.4   5

	Difference 
	0   2     4    6   8   11   15   20   35


Rank selection at UE side mostly depends on the algorithm which is implementation issue and not been standardized in RAN 1 specifications. In this section, we also evaluate the performance of different algorithms.
· Algorithm 1 – according to CQI which is calculated based on selected PMI determines TBS of each rank, let us denote TBS1 and TBS2 for RI=1 and RI=2, respectively. If TBS2 > A×TBS1, then RI = 2 reported, otherwise RI = 1 is reported, where A is a certain value greater than 1. 
· Algorithm 1-1: A=1.1

· Algorithm 1-2: A=1.2
· Algorithm 2 – compute the eigenvalues of channel correlation matrix, then, calculate the ratio of all eigenvalues to the biggest eigenvalue, the reported RI is the number of bigger than threshold B value, where B is a certain value greater than 0 and less than 1.
· Algorithm 2-1: B=0.1

· Algorithm 2-2: B=0.2 
Figure 2 and Figure 3 give the performance of SU-MIMO for fixed rank and adaptive rank with different rank selection algorithms, respectively. In Figure 2, “algorithm 1-2” is adopted for rank adaptation.
From the simulation results, we can find that received power imbalance has impact on performance to some extent. However, it is not due to rank adaptation but from power imbalance. In Figure 2, the performance of rank adaptation is well and similar to fixed rank 1. The reason is that when the power difference is high, the received power of one port is much less than another port which means the signal of one port is submerged by another port, and the channel of one port can not be estimated accurately. That is only rank 1 transmission can be supported in this situation. In other words, in case of received power imbalance, eNB must adopt rank 1 transmission to ensure the system performance when configuring 2 CRS ports. By using “algorithm 1-2”, UE only reports rank 1 when the power difference of two CRS ports is high which prove current rank reporting mechanism is applicable for the case of received power imbalance.
From Figure 3, it can be see that four algorithms have similar performance, especially when the received power difference between 2 CRS ports is large. That is, all algorithms of rank selection in simulation choose rank 1 when received power difference is high. In practice, in the scenario, e.g. CoMP scenario 4, high received power imbalance can be avoided or mitigated through transmission point selection or other scheduling schemes.
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Figure 2: Performance of fixed and adaptive rank           Figure 3: Performance of different algorithms
4. Conclusions

In this contribution, the issue of rank adaptation is discussed. Based on the discussion and simulation results, we can find that rank estimation at UE is not an issue both for homogeneous and received power imbalance deployments. We consider that there is no issue with the rank adaptation.  
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Appendix 
Table 1: Rank adaptation link level simulation assumptions of homogeneous deployments
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	1.4MHz

	Data transmission BW
	1.4MHz (6RBs)

	Channel model
	 TU

	UE speed
	3km/h

	Antenna configuration
	4Tx with 0.5λ spacing, DP: +/- 45 degrees
2Rx with 0.5λ spacing, ULA

	
	ideal antenna calibration

	Link adaptation
	Fixed and adaptive rank, AMC, 
HARQ with maximum 3 re-transmissions

	Receiver
	MMSE

	Channel estimation
	2-D MMSE 

	RI/PMI/CQI feedback delay
	5ms

	Precoding granularity
	6RBs


Table 2: Rank adaptation link level simulation assumptions of imbalance of received power deployments
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	1.4MHz

	Data transmission BW
	6RBs

	Channel model
	 EVA  Low correlation

	UE speed
	3km/h

	Antenna configuration
	2 CRS port, where the received power of port 0 is greater than port 1
2Rx with 0.5λ spacing, ULA

	Link adaptation
	Fixed and adaptive rank, AMC, 
HARQ with maximum 3 re-transmissions

	Receiver
	MMSE 

	Channel estimation
	2-D MMSE 

	RI/PMI/CQI feedback delay
	5ms

	Precoding granularity
	6RBs








