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1 Introduction
In RAN1#66, it was proposed to further discuss the prioritization of rank reporting in RAN1. In this contribution, we show our observations of the rank adaptation issue in distributed antenna scenarios, and give our view on the prioritization of rank reporting.

2 Rank adaptation in distributed antenna deployments
In [1], an indoor distributed antenna deployment is presented where two transmit antenna ports are configured in an interleaved fashion. It was observed that extreme received power imbalance can cause abnormal rank reporting and significant throughput loss. 

According to our analysis, the abnormal rank reporting may happen for the real life LTE UEs when there is serious RX power imbalance in the practical system. As a co-located antenna deployment was the main assumption in the previous LTE releases, the current algorithms used by LTE UE are usually designed based on this assumption and the scenario with serious RX power imbalance might not be optimized. 
Because the transmission rank is related to SNR, a received SINR based rank adaptation algorithm is possibly used. For this algorithm, UE first assumes rank 1 transmission, and then selects the best rank-1 precoding vector and calculates the corresponding SINR. If the SINR is lower than the switching threshold, rank 1 is reported; otherwise there is rank 2 reported. 
Using this algorithm, rank adaptation can work correctly in case of no RX power imbalance because it can accurately reflect the channel condition. Thus, the UEs with such rank adaptation algorithm can pass the performance requirement test defined in RAN4. However, when there is RX power imbalance, incorrect rank reporting can occur. In this scenario, the channel from one antenna port is particularly good because UE is close to the antenna port, which can result in high rank-1 SINR especially for serious RX power imbalance. Hence rank-2 will be reported in this case, which would not match the true rank of the practical channel with rank deficient due to RX power imbalance. It is expected to have significant performance loss as observed in [1]. 
Based on the above scenario and analysis, some simulations are provided to verify that the rank adaptation problem could exist for certain UE implementations. In the simulation, the aforementioned rank adaptation algorithm is used. The simulation results are shown in Fig 1. In the simulation, the maximum SNR is assumed to be 30dB considering the existence of error vector magnitude (EVM) [4]. There are the following observations:

1. When the RX power imbalance is 0 dB, the received SINR based rank adaptation works well which predicts that this kind of UE can pass the RAN4 test.
2. When the RX power imbalance is serious (e.g. 20/25/30/35dB), there is obvious throughput loss at high SNR region due to rank 2 reporting. 
For example, in case of 35dB imbalance, when the SNR is 12dB, the received rank-1 SINR starts to be larger than the threshold and rank 2 is reported. However, the rank of the practical channel in case of 35dB imbalance is deficient and it is more suitable for rank 1 transmission. As a result, only the signal from the stronger antenna port can be received correctly. 
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Fig 1. Performance loss with receiving power imbalance 
3 Specification impact

Through the above analysis, the performance loss caused by RX power imbalance is inevitable, and the rank adaptation problem should be addressed. Two possible methods can be considered to solve this issue. One is to introduce a new test case in RAN4 which corresponds to the scenario with RX power imbalance or distributed antenna deployment, and then some UE implementations may be forced to optimize the rank adaption algorithm for the new scenario. Another one is to define UE behavior in RAN1 to avoid the issue.

It is better for eNB to select the antennas which do not have large RX power imbalance. However, in the current standard, the eNB can only assume that the antenna power information such as RSRP was measured on a single antenna port. Unfortunately, this measurement cannot indicate the power imbalance information between different antenna ports. Thus some additional measurement related to power imbalance is needed, i.e. RSRP of each antenna port or RSRP difference is measured and reported to eNB, and then the eNB can determine the mechanism to minimize the effect of RX power imbalance [2]. 

In the distributed antenna deployment, i.e. Scenario 4, the macro-cell and low power RRHs are sharing the same cell ID and the same CRS port number. For the UE, it is difficult to identify the transmit point or transmit antennas that is in deep large-scale path loss based on CRS measurement. In Rel-11, the CSI-RS based measurement and corresponding transmission is typically used, and CRS-based transmission is a lower-priority choice. In the scenario which power imbalance most probably appears, CSI-RS based measurement of antenna power is more practical. Thus, CSI-RS-measurement-based CSI-RS port selection can be used to solve the power imbalance problem [3]. For these two methods, considering the RAN4 workload and the potential impact on the implementation change for UE, it is preferred to report multiple RSRP and use CSI-RS-measurement-based CSI-RS port selection to solve the RX power imbalance problem.
4 Conclusion
In this contribution, some discussion on rank adaptation issue in distributed antenna deployment is given, and we propose that
· The rank reporting issue is investigated in RAN1 
· Multiple RSRP reporting and CSI-RS port selection based on CSI-RS measurements can be considered to solve the RX power imbalance problem. 
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Appendix – Simulation assumptions
Table 1. Link level simulation assumptions

	Parameter
	Assumption

	Transmission bandwidth
	10 MHz

	Subband bandwidth
	6RBs

	Channel model
	EPA

	UE speeds of interest
	3km/h

	antenna configuration
	Tx = 2 , Rx = 2，low correlation at eNB side

	Channel  estimation
	Real CE based on CRS

	HARQ
	Maximum 4 transmission
Chase Combining

10% BLER for each UE

	Receiver algorithm
	MMSE

	Feedback Delay
	4ms

	Feedback 
	PUSCH 3-1: triggered per 10ms.

	Overheads 
	3 symbols for DL CCHs and 4 port CRS


