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1 Introduction
CoMP (Coordinated Multi-Point) transmission has been identified as an important work item for R11. 

From [1], three main categories of CoMP feedback mechanisms have been identified to be:

· Explicit channel state/statistical information feedback

· Implicit channel state/statistical information feedback

· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity.

In TDD CoMP, SRS can be used as an effective feedback mechanism by exploiting channel reciprocity to reduce feedback overhead can. However, careful antenna calibration should be performed to exploit channel reciprocity. 

Traditionally, channel reciprocity errors are mitigated by performing self-calibration with special calibration circuitry. However, it is found that the RF connections required for self-calibration are difficult to implement in geographically or mechanically distributed antenna systems such as those in CoMP scenario 3 and scenario 4. 
In this contribution, we will focus on the issues about inter-point antenna calibration for CoMP JT, and give the performance evaluation result of inter-point antenna calibration. 

2 Inter-point antenna calibration impact for CoMP JT
A lot of CoMP JT transmission schemes have been discussed, such as local precoding, SFN, global precoding and local precoding with phase correction indication, etc. 

Without loss of generality, here we assume that there are 3 transmission points in a CoMP set, and the antennas in each point (inner-point antennas) have been ideally calibrated. Then before the inter-point antenna calibration, the relation between downlink channel and uplink channel of each transmission point can be described as, 
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represent the uplink channel matrix and the downlink channel matrix of each transmission point respectively, and 
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 is a complex constant ratio of downlink channel to uplink channel for each point. Usually, 
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are different because each point takes its inner-point antenna calibration process individually. 
After the inter-point antenna calibration, the downlink channel of each transmission point can be described as, 
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Take the global precoding transmission scheme for example, 
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where, 
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and
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are received signal and transmitted signal respectively, 
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represents received noise, 
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is the precoding weights which can be calculated from the SVD (Singular Vector Decomposition) of 
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For the ideal transmission, i.e. no channel reciprocity error exists, 
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Before the inter-point antenna calibration, 
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is calculated from the SVD of 
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, which is apparently different with the ideal transmission case. 

After the inter-point antenna calibration, 


[image: image23.wmf]W

is calculated from the SVD of 
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, which is the same with the ideal transmission case. 

As a result, there may be some performance degradation without inter-point antenna calibration in TDD CoMP JT with global transmission scheme. The similar conclusion can also be derived for other transmission schemes of CoMP JT except local precoding. 
3 Channel reciprocity error modelling
Considering the RF connection of antennas, the real uplink channel can be expressed as,
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where, 
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is the propagation channel of uplink, 
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are transmitting RF link gain at UE and receiving RF link gain at eNB, respectively. Where Nr and Nt represent the antenna number of UE and eNB respectively.
Also, the real downlink channel can be expressed as,
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where, 
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is the propagation channel of downlink, and its relation with 
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are transmitting RF link gain at eNB and receiving RF link gain at UE, respectively.

Then the relationship between the real uplink channel and downlink channel can be expressed:
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where 
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denoting the eNB side (b’) and mobile UE side (m’) reciprocity errors could be modelled as follows,
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where, the amplitude error A is the amplitude error whose logarithm is Gaussian distributed with mean zero and standard deviation 
[image: image40.wmf]A

D

in dB, and the phase error 
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 is uniformly distributed in 
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In TDD mode, the transmission weights need be calculated based on 
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, which results in some performance degradation. 

If the antennas at UE are not calibrated, 
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where, 
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) is generated independently as the above description and usually unequal with each other.

If the antennas at UE are calibrated, 
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If the antennas neither at each point nor among points are calibrated, 
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where, N is the transmission point number in a CoMP JT cooperative set, 
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 is generated independently as the above description and usually unequal with each other.

If the antennas in each point are calibrated, while not calibrated among points, 
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If the antennas in each point are calibrated, and also calibrated among points, 
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4 Simulation results
Table 1   Simulation Results for Antenna Calibration

	UE side
	eNB side
	Cell average spectral efficiency

(bit/s/Hz/cell)
	Cell edge spectral efficiency

(bit/s/Hz/cell)
	Average  throughput of CoMP UE

(bit/s/CoMP UE)

	UE calibrated
	inner-point calibrated
inter-point calibrated
	2.8519
	0.0893
	1.7587

	
	inner-point calibrated

inter-point not calibrated with
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=0.5dB, 
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=30
	2.8585

(+0.23%)
	0.0836

(-6.38%)
	1.5472

(-12.03%)

	
	inner-point not calibrated

inter-point not calibrated

both with 
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	0.8625

(-69.76%)
	0.0116

(-87.01%)
	0.9394

(-46.59%)

	UE not calibrated with
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	inner-point calibrated
inter-point calibrated
	2.8450
	0.0885
	1.7488

	
	inner-point calibrated

inter-point not calibrated with
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D

=30
	2.8367

(-0.29%)
	0.0848

(-4.5%)
	1.5338

(-12.29%)

	
	inner-point not calibrated

inter-point not calibrated

both with 
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	0.8728

(-69.32)
	0.0122

(-86.21%)
	0.9564

(-45.31%)


From the above results, we can see that it performs better with inter-point calibrated antennas. Table 1 shows that performance degrades with un-calibrated inter-point antennas especially for cell edge users or CoMP users. About 5% and 12~14% loss can be observed for cell edge users and CoMP users respectively when the inner-point antennas are ideally calibrated.  But when small residual reciprocity error such as 0.5dB and 5 degree exists at inner-point antennas, there will be significant performance degradation both in cell average/edge spectral efficiency and average throughput of CoMP if the inter-point antennas are not calibrated.

Note the loss is not so apparent for cell average or cell edge spectral efficiency, because that the performance loss of system due to inter-point antenna calibration also depends on the number of scheduled CoMP users. 

5 Conclusion

In this contribution, we present our discussion and evaluation results about antenna calibration for TDD CoMP JT. We conclude inter-point antenna calibration is beneficial and recommend that inter-point calibration error should be modeled for real life deployments.
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Appendix
Table 2    Simulation Assumptions for Antenna Calibration
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site. 
9 cell sectors in a cluster shown in figure 1 

	Maximal size in a cooperating set
	3

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m(3GPP Case1) or 200m(UMi)

	Operating bandwidth (BW)
	10 MHz 

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1, XPOL

	Antenna configuration
	Transmitter: 4Tx closely spaced (0.5λspacing) cross-polarized antenna at eNB

Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  etilt  15 degree, 3D antenna pattern

	CQI reporting interval and granularity
	5ms/RB level

	SRS periodicity
	5ms

	CoMP scheme
	Joint Processing based on Global Transmission

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver (Option 1 in [4])

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	SRS channel estimation
	Ideal, based on SRS for channel sounding.

	DMRS channel estimation
	Non-ideal, based on DMRS for data demodulation.

Channel estimation error modeling in [6] is used 
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