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Introduction
At the RAN1 #78bis and RAN1 #79 meetings, there were intensive discussions on the application scenarios and detailed evaluation parameters for elevation BF and FD-MIMO [1, 2].  For a TDD-based 3D MIMO system, channel reciprocity is regarded as a promising property to obtain CSI at transmitter (CSIT), since RS and feedback overhead does not increase proportional to the antenna element or TXRU number at eNodeB.
Followings show agreements on evaluation assumptions and SRS error model in order to enable reciprocity based MIMO transmission, which were agreed at RAN1 #78bis and #79 meetings. 
· Feedback: PUSCH 3-0 for reciprocity based operation; SRS for reciprocity based operation only for TDD.
· Number of UE transmit antennas: 1 or 2
· SRS periodicity: 5 ms (for Phase-1)
· SRS error is included in evaluations for reciprocity based operation
· Capture the following SRS error modeling in TR:

 is the estimated channel
 is the channel response in frequency domain
 is the white complex Gaussian variables with zero mean and variance 
 is the scaling factor to maintain proper normalization 
· Details of calculation on  should be provided by each company.
· Modeling of additional factors can be considered
· additional SRS interference due to UL traffic
· Effect of non-perfect open loop power control may be captured in the calculation of 
· UE TX antenna gain imbalance modeling, according to R10 UL MIMO discussion.
Considering that higher frequency band is more probable to be operated by TDD system, it is important to consider TDD reciprocity based MIMO transmission in this SI, i.e., in the small cell layer in the HetNet separate frequency band scenario. In this contribution, we investigate TDD reciprocity based transmission for FD-MIMO. Specifically, we study the impact of SRS based channel estimation error to the FD-MIMO performance, which was agreed in the last meeting. In addition, we present an antenna calibration error model, which is also important to enable realistic evaluation for reciprocity based MIMO system.


SRS Error Model
We establish a realistic SRS error model by assuming MMSE based channel estimation at the eNodeB side, i.e., MMSE-based SRS error model. The error modelling follows the agreed SRS error model framework, i.e., the estimated channel can be written as:








where  is the actual channel fading vector,  is zero mean complex Gaussian distributed error vector, i.e.  with  an  identity matrix, and  is a scaling factor for power normalization purpose.

In the MMSE-based SRS error model, the covariance matrix of the error vector  can be written as:






where  is the channel covariance matrix, and  is that known at the eNodeB channel estimator, e.g., derived based on the assumption of the power delay profile (PDP).  is the signal-to-interference-and-noise power ratio on SRS reception. Considering the fact that actual PDP of the channel cannot be exactly known at the receiver side, without loss of generality, a uniform PDP within cylcic prefix (CP) length is assumed at the channel estimator and therefore the element at the mth row and the nth column of  of can be calculated as





where  and  are the CP length and subcarrier spacing of the OFDM system, respectively. Finally, the variance of the error can be obtained by 


The above mentioned SRS error model has considered the realistic implementation of the channel estimator. The SRS interference is considered in the SINR term in the equation and shall be calculated in real time in system level evaluation.
Based on the SRS error model descried above, we evaluate the impact of the SRS based channel estimation impairment to the system performance. Major simulation assumptions are summarized in Table A. The evaluation is conducted in the HetNet separate frequency band scenario. As agreed in the RAN1#78bis meeting, the macro layer is only used for cell selection and the performance statistics is only obtained in the small cell layer. For comparison, we evaluate two cases. The first case assumes perfect reciprocity between UL and DL channel and perfect UL channel estimation. The second case assumes more realistic case with the SRS error. In the evaluation, the interference from intra-cell UEs is disregarded and only that from inter-cell UEs are taken into account. Considering the two comb patterns in frequency domain and the two SC-OFDM symbols in time domain, agreed in the last meeting [3], UEs are uniformly and randomly categorized into 4 groups. Given a UE, it only suffers the interference from the inter-cell UEs belonging to the same group. According to the agreed evaluation assumptions, the FTP traffic model with low and midium traffic loads shall be considered, which results in the target RU of 20 % and 50 %, respectively. The performance is characterized by the mean, 5% and 50% user packet throughput (UPT). The evaluation results of the UPT values with each traffic load are summarized in Table 1.


Table 1: Impact of SRS error on reciprocity based MIMO transmission
	Traffic Load
	UPT (Mbits/s)
	Reciprocity based
w/o SRS error
	Reciprocity based
w SRS error

	Low 
	Mean
	47.1
	39.9 (-15%)

	
	5%
	21.7
	9.6 (-56%)

	
	50%
	55.9
	44.2 (-21%)

	Midium
	Mean
	34.6
	20.9 (-40%)

	
	5%
	10.7
	2.5 (-77%)

	
	50%
	31.8
	16.6 (-48%)



From the evaluation results, we have the following observations.

Observation: SRS error causes non-negligible performance loss, especially for the cell edge UEs. Moreover, the performance loss increases as traffic load grows.
· In the low traffic load case, around 15 % and 56 % performance loss is observed for mean and 5% user packet througput.
· In the medium traffic load case, around 40 % and 77 % performance loss is observed for mean and 5% user packet througput.

Based on the current evaluation results, we can make the following proposal for studying reciprocity based transmission in TDD system in this study item.

Proposal 1: It is necessary to  investigate the realistic performance of reciprocity based transmission scheme using realistic SRS error modelling, before discussing the potential specification impact.
Calibration Error Model
Besides the SRS error described above, antenna calibration error is indispensable and its impact to the reciprocity cannot be ignored. For this reason, we propose to model the antenna calibration error and then evaluate its impact to the system performance. In [4], a general channel reciprocity error model was proposed,

	




where  and  are downlink and uplink channel matrices, respectively;  and  represents the antenna calibration error at UE and eNB, respectively. They are both diagonal matrices with independent complex random variables on their diagonal axes. Each element has log-normal distributed amplitude and uniformly distributed phase, which quantify the magnitude of calibration error.

Proposal 2: Consider the antenna calibration error modelling for evaluation on  reciprocity based transmission schemes.

Summary
In this contribution, we present our view on TDD reciprocity based transmission for 3D MIMO. We showed the impact of SRS error to the system performance based on the agreement in the last meeting. Furthermore, we present an antenna calibration error model, which is important to enable realistic evaluation for reciprocity based MIMO system. Our observation and proposals are listed as follows.

Observation: SRS error causes non-negligible performance loss, especially for the cell edge UEs. Moreover, the performance loss increases as traffic load grows.
· In the low traffic load case, around 15 % and 56 % performance loss is observed for mean and 5% user packet througput.
· In the medium traffic load case, around 40 % and 77 % performance loss is observed for mean and 5% user packet througput.

Proposal 1: It is necessary to  investigate the realistic performance of reciprocity based transmission scheme using realistic SRS error modelling, before discussing the potential specification impact.

Proposal 2: Consider the antenna calibration error modelling for evaluation on  reciprocity based transmission schemes.
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Appendix
[bookmark: _Ref394499956]Table A: Simulation assumptions
	Parameter
	Values

	
	Macro cell
(only for cell association)
	Small cell
(for performance evaluation)

	Carrier frequency 
	2 GHz 
	3.5 GHz 

	System bandwidth
	10 MHz (50 RBs) 
	10 MHz (50 RBs) 

	Macro ISD
	500 m

	Total Tx power
	46 dBm
	30 dBm

	eNB antenna configurations
	(M, N, P, Q) = (8, 4, 2, 8), (dH, dV) = (0.5 , 0.8 ), θetilt = 100 degs.
	(M, N, P, Q) = (4, 4, 2, 8), , (dH, dV) = (0.5 , 0.5 )

	UE antenna configurations
	2 X-pol (0 / 90 deg.)

	
	
	

	Channel Model
	3D-UMa
	3D-UMi

	Handover margin
	3dB

	Number of clusters per macro cell
	1

	Number of small cells per cluster
	4

	UE distribution
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	UE speed
	3 km/h

	MIMO scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	Feedback scheme
	PUSCH Feedback mode 3-0

	CSI-RS transmission interval /
CSI feedback interval
	5 ms

	SRS transmission interval
	5 ms

	Number of UE transmit antennas
	2

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes

	Scheduler
	Proportional fairness based frequency selective scheduling 

	Control delay
	5 ms

	HARQ, Round trip delay
	Chase combining, 8 ms

	Metrics
	Mean, 5%, 50% UPT
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