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1. Introduction
In RAN4 #61bis meeting, the LS [1] on antenna port mapping onto geographically separated antennas was sent to RAN4. It was identified that geographically separated antennas, e.g., the indoor interleaved antenna port deployment and/or CoMP, would bring the system gain compared to co-located antennas. And it is thought that some UEs with the improper rank adaptation would experience the significant performance loss when the received power from different CRS-ports of the cell has a large imbalance. RAN1 hope that RAN4 could define the requirement to rule out the bad UE without the accurate rank prediction for this case.

In this contribution, we will focus on the scenario of the indoor interleaved antenna port deployment for investigation since the problem was raised originally. Then the theoretical analysis and corresponding impacts on UE behavior will be shown. According to our analysis, RI test would be a good start point for fully understanding the performance impact. So we will provide the working assumptions to initialize the study on RI adaptation performance under the proposed scenario. 
2. Discussion
2.1 Theoretical analysis
In the scenario of the indoor interleaved antenna port deployment, the received SNR would be generally high if we do not consider the serious propagation loss through the wall. When there is large power imbalance, the signal could be denoted as
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where H is the channel matrix, W the pre-coding matrix, y the received signal, x the transmitted signal, n the noise, and Ω is the power imbalance matrix, which is 
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The value of ω represent the difference between two transmit antennas including the power imbalance and the phase difference. It is a complex-value variable. If we conduct the SVD decomposition for H, we can get

[image: image3.wmf]H

V

U

H

L

=

.
Actually the channel matrix observed by UE is HΩ instead of H. We can get
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The singular values and singular vectors for H and HΩ are quite different. And when there is power imbalance between the transmit antennas, not only singular values but also the structure of singular vectors would change. We compare the singular values and singular vectors of the channel matrices with power imbalance to those with different correlation levels. From Figure 1 to Figure 4, it is observed that the magnitudes of two components comprising the first singular vector are significantly different except for the singular values when the power imbalance exists. But for high correlation case, although the channel matrix became more and more deficient, the singular vectors are both comprised of the elements with the equal magnitude.
From the theoretical point of view, the optimal per-coding matrix would be the singular vector V for approaching the channel capacity for the slowly fading channel. But the current pre-coders in TS36.211 are all based on the assumption of the equal power transmission. They could not match the channel with power imbalance perfectly. So although the all kinds of link level adaptations defined in current specifications were used, the performance loss is inevitable due to the mismatch between the pre-coder structure and power imbalance channel. And 
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Figure 1 the ratio of two singular values of the MIMO channel with power imbalance
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Figure 2 the ratio of magnitudes of two components of the 1st singular vector for the MIMO channel with power imbalance
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Figure 3 the ratio of two singular values of the MIMO channel with different correlation levels
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Figure 4 the ratio of magnitudes of two components of the 1st singular vector for the MIMO channel with different correlation levels
If we express the channel in another way, i.e., 
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,
then we can observe that actually the channel matrix is comprised of one MIMO channel with equal transmission power and a SIMO channel. When ω approaches one the channel is more like that with co-located antennas. In this case, the current specified pre-coder would bring the performance gain. When ω approaches zero the channel is more like a SIMO channel. In this case, changing the transmission mode from TM4/TM3 to TM1 would match the channel better. And selecting the proper antenna for transmission would be good.
Observation 1: The current pre-coder structure in Rel-8/9/10 could not match the channel with power imbalance. Merely improving the UE performance of rank adaptation could not approach the theoretical capacity for geographically separated antenna deployment.
Therefore, if we want to maximize the system capacity for geographically separated antenna scenario, either the new pre-coder should be designed or some effective mechanisms for transmission mode switching and transmission point selecting should be studied.

2.2 Impact of separated antenna deployment
The existing LTE system such as MIMO precoding and measurements was optimized for the collocated antenna deployment but not for separated antenna deployment.  If keeping the existing specification unchanged as much as possible, we must fully understand the possible impacts of the separated antenna deployment on UE behavior and the requirements on UE implementation to ensure that deployment could be supported.

RLM/RRM measurements

If the UE conduct RLM measurement only on CRS port0, it might report out-of-sync when the signal from CRS port1 is much larger than that from port 0 due to the limited quantization bits when the power imbalance is quite large, e.g., larger than 30dB. So that kind of UE could not fully support the desired deployment. And the same story would happen to RRM, but might not be very severe because the signal from outdoor would be very weak for this indoor separated antenna deployment.
Noise (or SINR) estimation

The “bad” UE only perform the noise estimation based on one CRS port could not fully support that scenario.

AGC and quantization

When the power imbalance was quite significant, the strong signal from one port would overwhelm the weak one, which would cause the poor measurement performance and poor channel estimation on the weak CRS port(s).
CSI measurements

As we stated above, the existing precoding is designed for collocated antennas other than the separated ones. If UE predict CQI, PMI and RI based on some kinds of SINR threshold which are calculated offline or based on channel capacity, it would experience performance loss because the pre-coders did not match the power imbalance scenario. Figure 5 shows the performance using SINR threshold based RI prediction algorithm, where the effective SINRs for fixed ranks with optimized PMI are calculated firstly and compared to the pre-calculated threshold to determine the optimized RI. The performance loss could be observed for the larger power imbalance cases. In this simulation, 10MHz bandwidth, EPA5 channels and TM4 are assumed. The similar performance loss might be observed for the capacity based RI prediction algorithms.
If some mutual information based or EESM algorithms was used for CSI measurement, it would be expected that the performance loss of CSI (RI) adaptation might be mitigated because the errors caused by precoder mismatch would be taken into account.
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Figure 5 Performance loss of TM4 with rank adaptation for the difference power imbalance levels

And the above analysis is based on the assumption that the separated antenna deployment could bring the system performance gain. But we do not fully understand to what extent the gain could be achieved considering the precoding mismatch. So it might be helpful to systematically study the possible performance gain for this separated antenna deployment indoor deployment compared to the collocated deployment.
So based on above discussion, we propose

Proposal 1: Systematically study the possible impacts of the separated antenna deployment on UE implementation and identify the potential requirements on UE behaviour. Before that it would be beneficial to investigate the gain of the proposed deployment.
 2.3 RI test
For the systematically study, RI performance would be a good starting point, because UE should have the robust performance of noise estimation, RLM measurement and CQI/PMI estimation if it was able to pass the RI test. So many UE behaviors could be implicitly and/or explicitly verified via RI test. So the test purpose is to rule out the “bad” UE who could not fully support the proposed scenario.
To initialize the study of RI test, the antenna configuration, CRS or CSI-RS configuration, channel model, power imbalance level, transmission modes and etc should be considered.

Antenna configuration

For simplicity, it is suggested to use 2x2 antenna configurations for the initial study.

CRS or CSI-RS

CRS is suggested to be in high priority and CSI-RS could also be considered.

Channel model

The correlation matrix for the 2x2 channel with power imbalance could be denoted as
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,
where  ◦ denotes the element-wise multiplication and ω denotes the power imbalance. The rank prediction need take the link level performance into account instead of using the SINR threshold under the equal transmission assumption.
Low correlation and EPA5 were suggested, which would match the practical indoor scenario with large inter-distance between the antennas.

Power imbalance levels

For the initial study, the ranges of [-35,-20]dB and [20, 35]dB are suggested, where the signal from CRS port0 would be lower or higher than port1.

Transmission modes

Either closed-loop TM4 or open-loop TM3 should be studied. And FDD should be in high priority for simplicity.
PMI

Not restrict the precoder subset in order to fully understand the whole adaptation performance of UE.

We try to summarize the assumptions for the evaluation in the following table.

Table 1 Working assumptions for RI tests with power imbalance
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4 and 3

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	CodeBookSubsetRestriction bitmap
	
	Not restrict the precoders

	Antenna correlation
	
	Low with new correlation matrix considering power imbalance

	RI configuration
	
	Fixed RI=2
	Fixed RI=1
	follow RI

	SNR
	dB
	0~20

	Power difference of  CRS port 0 over port 1
	dB
	[-35,-20] and [20, 35]

	CRS or CSI-RS
	
	CRS

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1

	Physical channel for CQI/PMI reporting
	
	 PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	NP = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1

	Note 1: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 3:
To avoid collisions between RI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#4 and #9 to allow periodic RI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.


Proposal 2: Initialize the study on RI adaptation performance using the working assumptions given in Table 1.
3. Conclusion

In this paper, we give our initial analysis on rank accuracy test for the separated antenna scenario with power imbalance. According to the theoretical analysis, we observe that 
Observation 1: The current pre-coder structure in Rel-8/9/10 could not match the channel with power imbalance. Merely improving the UE performance of rank adaptation could not approach the theoretical capacity for geographically separated antenna deployment.
If we wanted to keep the existing specification unchanged as much as possible, we should fully understand the possible impacts of the separated antenna deployment on UE behavior and the requirements on UE implementation to ensure that deployment could be supported. Therefore we propose that
Proposal 1: Systematically study the possible impacts of the separated antenna deployment on UE implementation and identify the potential requirements on UE behaviour. Before that it would be beneficial to investigate the gain of the proposed deployment.
Proposal 2: Initialize the study on RI adaptation performance using the working assumptions given in Table 1.
And all the study should be done within Rel-11 timeline.
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