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1. Introduction
Reciprocity based operation is sensible for 3D-MIMO system, because the feedback overhead does not scale with number of Tx antenna, i.e., CSI reporting overhead and CSI-RS transmission overhead maintains the same even if the number of transmit antenna increases. The major bottleneck of reciprocity based operation is the imperfections in the system, such as SRS channel estimation error and antenna calibration error [1][2]. Those aspects, including non-PMI based CQI feedback, need to be studied in the SI and potentially enhanced in the WI. 
In this contribution, models of imperfect factors such as SRS channel estimation error and antenna calibration error are presented, aiming to facilitate 3D-MIMO performance evaluations, and henceforth to improve RAN1 understanding of reciprocity based operation. It should be clarified that reciprocity based operation is not specific for TDD system; it is applicable for FDD as well. The covariance based reciprocity based operation in FDD system has been studied and discussed since Rel-10 [3]. FDD system may benefit from long term reciprocity as well, such as to reduce PMI/CSI-RS overhead.
2. SRS Channel Estimation Error Modeling
The following abstract SRS channel estimation error model can be used in system level simulation [4]. This model has been used in many evaluations of reciprocity based operation, and can be a general framework for SRS error modeling.
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 is the estimated channel
· H is the channel response in frequency domain
· E is the white complex Gaussian variables with zero mean and variance [image: image3.wmf]2
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 is the scaling factor to maintain proper normalization
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 of complex Gaussian noise is given as follows:
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where SINR denotes the received SINR of SRS at the eNB, and[image: image8.emf]
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 is the processing gain. 
· Calculation of [image: image9.wmf]a


The scaling factor is given as
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Given the above framework of SRS error modeling, the main discussion topic is how to obtain SINR and processing gain, respectively.
2.1. Determination of SINR
The method to determine SINR could be different in different SLS platform. Discussion in this section is to provide general informatin to facilitate potential SLS implementations.
2.1.1. Interference Power (I)
SRS is usually transmitted using UpPTS which consists of 2 SC-FDMA symbols in TD-LTE network with uplink-downlink configuration 1&2. Besides, each SC-FDMA symbol has two combs to transmit SRS, and each comb contains 8 cyclic shifts to carry 8 orthogonal users. Considering the performance degradation of using all 8 cyclic shifts for one comb, only 4 cyclic shifts are usually used in implementation. Thus, every 5ms can support at most 16 orthogonal SRS.
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Figure 1. Illustration of SRS resources
· 1 Tx for SRS transmission 
No intra-cell interference: As shown in figure 2, the probability of less than or equal to 4 concurrent users in simulation using FTP model 1 with 50% load is about 97%. Thus, only one comb of one SC-FDMA symbol in UpPTS can carry all concurrent users in one cell without intra-cell interference. 
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Figure 2. CDF curve of concurrent users
Inter-cell interference modeling:Since generating the fast fading of interfering users to the serving eNB will cause a large burden in simulation, large-scale fading could be used to represent inter-cell interference. The SRS capacity in every 5ms is 16 and one cell only has 4 concurrent users (probability of 97%), hence, the probability of SRS collision among different cells is 1/4. There are two models for SRS collision:
1) With SRS coordination. As shown in Figure 3, different sectors may use different comb. In this way, SRS from the UEs in the same color cells will interfere each other, which implies that two nearest cells will interfere the serving cell.
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Figure 3. Illustration of SRS coordination strategy
2) Without SRS coordination. In this case, eNBs allocate SRS resources randomly to UE. In this case, it is possible to randomly group dropped UEs (in all 57 cells) to four groups. SRS from UEs in one group will interfere with each other.

· 2 Tx for SRS transmission 
No intra-cell interference: If UE is implemented with 2 Tx for SRS transmission, 2 combs could be used to guarantee the no intra-cell interference assumption.
Inter-cell interference modeling: Since 2 combs are needed for users within the same cell to guarantee no intra-cell interference, the probability of SRS collision among different cells increases to 1/2. There is one method to reduce this collision probability:
· Increasing SRS period to 10ms. While SRS transmission period of 10ms could guarantee SRS coordination among 4 adjacent cells, system performance degradation caused by 10ms against 5ms could be considered in simulation instead of this large collision probability. 
Proposal 1. It is preferred to use large-scale fading for imperfect SRS channel estimation model.

· For 1 Tx for SRS, 5ms transmission period is assumed.
· For 2 Tx for SRS, 10ms transmission period is assumed.
Proposal 2. Following SRS collision modeling is possible

· With SRS coordination. In this case, UEs in 1/3 of the eNBs will interfere with each other (exactly which eNBs may refer to figure 3)

· Without SRS coordination. In this case, randomly group dropped UEs (in all 57 cells) to four groups; SRS from UEs in one group will interfere with each other.

It should be noted that ICI gain of CAZAC sequence should be properly addressed in interference power calculation, in addition to the above collision modeling.
2.1.2. Signal Power (S)
The setting of the UE transmit power [image: image14.wmf]SRS
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for the SRS transmitted on subframe i for serving cell [image: image15.wmf]c

 is defined by [5]
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An example of the power control parameters of SRS is described in Table 1.
Table 1 : Power control parameters of SRS
	Paramenters
	Value

	UE max Tx power
	23 dBm

	P0
	-81

	alpha
	0.8

	PC mode
	Open loop

	SRS bandwidth
	48 or 24 PRB

	SRS offet
	0 dB


Under the above PC configuration with SRS transmit bandwidth of 48 PRBs, the transmit power will reach the maximum value when pathloss reaches -109.7 dB. As shown in Figure 4, about 27% users will reach the maximum transmit power in 3D-UMi scenarios, where smaller SRS bandwidth can be used to increase the receiver power of SRS.
Since fast fading is already generated for the served user in SLS, it looks reasonable to use fast fading for signal power generation.
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Figure 4.  CDF curve of Linkloss in 3D-UMi
2.1.3. Noise floor (N)
Noise floor is determined by thermal noise density, bandwidth and noise figure. For instance, the noise floor for a PRB is calculated as:
Noise floor = thermal noise density + 10*logBW + noise figure


= -174 dBm/Hz +10*log(180*10^3) Hz+ 7dB


= -114.4dBm
2.2. Determination of processing gain ([image: image18.emf]
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contains several factors, such as MSE gain over LS receiver and sequence despreading gain. The value of [image: image20.emf]
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 could be derived from link level simulation, and Table 2 gives the simulation assumptions. Figure 5 compares the MSE of multiple receivers with 8PRB SRS bandwidth, where the MMSE receiver with negative exponential PDP has about 7dB performance gain over LS. Besides, SRS bandwidth of 24PRB has additional 1~2dB gain over 8PRB, and larger SRS bandwidth has better performance. Thus, an example value of processing gain is [image: image21.emf]
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= 9dB.
Table 2. Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB Antenna Configuration
	1 Tx

	UE antenna configuration
	1 Rx

	Channel model
	ITU fixed CDL

	UE velocity
	3km/h

	SRS bandwidth
	8PRB

	Output
	MSE at SRS position
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Figure 5.  MSE of multiple receivers
3. Antenna Calibration Error Modeling
In TDD system, channel reciprocity could be used to get downlink channel information at eNB side. However, in real system, the RF of each antenna needs two sets of circuits to complete the transmission and reception, respectively. It is difficult to guarantee the two sets of the RF end circuits having the same characteristics, due to the hardware implementation error and the nonlinear distortion of the amplifier. Thus, the baseband signal is multiplied by different coefficients while passing through the transmission and reception circuits, which will cause the channel reciprocity error.
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Figure 6. Illustration of RF circuits mismatches
In order to enable channel reciprocity, calibration of the antennas at both eNB and UE sides will be needed. The target of antenna calibration is to keep all antennas involved in MIMO transmission have the constant RF characteristic by multiplying a compensation factor to each transmission and reception circuit.
Since the UE side RF transmitter and receiver mismatch has limited impact on the performance, antenna calibration only at eNB side can obtain most of the performance gain of channel reciprocity in practice. 
The antenna calibration error could be modeled as follow.
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 represents the downlink channel obtained using channel reciprocity at eNB side

· HUL is the uplink channel derived by estimating SRS 
· Superscript T indicates the transpose 
· E represents the mismatch of transmission and reception circuits of eNB
· ai is the amplitude mismatch coefficient, and could be modeled as subject to uniform or Gaussian distribution
· 
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 is the phase mismatch coefficient, and could be modeled as subject to uniform or Gaussian distribution
· N is the number of antennas at eNB side
So far, various reciprocity calibration methods have been proposed to compensate the mismatch of RF transmitter and receiver. And these calibration schemes have the ability to limit the residual mismatch of RF channel within 0.7dB / 5 degrees. The amplitude error could be modeled as Gaussian variables with zero mean and variance 0.7/2 dB, phase error could be modeled as Gaussian variables with zero mean and variance 5/2 degrees. With reasonably calibrated antenna, calibration error has marginal impact to system performance, which is less than 5%. Considering 3D-MIMO system gain is expected to be much larger than 5%, there is no severe need to discuss calibration error in R13 3D-MIMO SI.
4. Conclusion
In this contribution, models of imperfect factors such as SRS channel estimation error and antenna calibration error are presented and following proposals are made.
Proposal 1. It is preferred to use large-scale fading for imperfect SRS channel estimation model.
· For 1 Tx for SRS, 5ms transmission period is assumed.
· For 2 Tx for SRS, 10ms transmission period is assumed.
Proposal 2. Following SRS collision modeling is possible

· With SRS coordination. In this case, UEs in 1/3 of the eNBs will interfere with each other (exactly which eNBs may refer to figure 3)

· Without SRS coordination. In this case, randomly group dropped UEs (in all 57 cells) to four groups; SRS from UEs in one group will interfere with each other.

It should be noted that ICI gain of CAZAC sequence should be properly addressed in interference power calculation, in addition to the above SRS collision modeling.
Proposal 3. Calibration error modeling is not mandatory in R13 3D-MIMO SI.
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