TSG-RAN WG1 Meeting #64
R4-111105
Taipei, Taiwan
February 21~25, 2011
Source: 
LG Electronics
Title:
Modeling CSI-RS in CoMP simulations
Agenda Item:
   6.3.1.3
Document for:
Discussion/Decision
1. Introduction
CoMP evaluation methodology and simulation assumptions were discussed in RAN 1 #63bis meeting, but unfortunately not all simulation assumptions were agreed upon. In order to get realistic performance results for CoMP, we need to take into various aspects into account. In this contribution, we focus on finalizing the simulation assumptions regarding CSI-RS, namely CSI-RS overhead and CSI-RS channel estimation error modeling.
2. CSI-RS overhead modeling
In the simulations setup, the CSI-RS overhead and CRS overhead can be accounts as average number of OFDM symbols overhead, by computing the effective overhead across the entire transmissions. This average number of OFDM symbols can be computed by non-integer number and the PDCCH overhead is added on top of this overhead calculation. Table 1 shows an example of CSI-RS and CRS overhead assuming there is at least 2 OFDM symbols for PDCCH.
Table 1. CRS and CSI-RS overhead in (non-integer) number of OFDM symbols
	CRS*
	1 Tx
	2 Tx
	4 Tx

	CSI-RS
	4 Tx
	8Tx
	4 Tx
	8Tx
	4 Tx
	8Tx

	Duty Cycle
	5ms
	0.567
	0.633
	1.067
	1.133
	1.400
	1.467

	
	10ms
	0.533
	0.567
	1.033
	1.067
	1.367
	1.400

	
	15ms
	0.522
	0.544
	1.022
	1.044
	1.357
	1.379

	
	20ms
	0.517
	0.533
	1.017
	1.033
	1.350
	1.367


Note *: In case there is 2 or 3 OFDM symbol for PDCCH CRS for 1 Tx is 6 RE/RB overhead (0.5), 2 Tx is 12 RE/RB (1), and 4 Tx is 16 RE/RB (1.33).
In the simulation assumptions, we may utilized this table and add the appropriate PDCCH overhead when running simulation results for system level CoMP transmission techniques.
3. CSI-RS estimation error modeling

In order to take accurate channel estimation error modeling into the system level simulations, we need to first set up a channel estimation algorithm and gather MSE results from link level simuations. There are various challenges to this approach. First of which is the exact channel estimation algorithm used. Since the channel estimation algorithm and the CSI-RS density affects how MSE distribution look like, depending on the algorithms used companies may bring different results.
Without asking companies to divulge into the details of the channel estimation algorithm, one simple method of capturing the CSI-RS channel estimation error is to model with white Gaussian noise. To model the affects of various channel estimation algorithms we can also take into account a processing gain to the AWGN model. Such an example is shown below. 
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If the average SNR for a given CSI-RS is expressed as 
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 is the average CSI-RS received power and 
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 is the average noise and interference power. The average CSI-RS received power and average noise and interference power can be derived in system level simulation (transmit power, pathloss, shadowing, etc). The processing gain denotes as 
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 is a value which effectively lowers noise and interference power by the channel estimation algorithms.
Proposed processing gain values for CSI-RS depends on channel estimation algorithm and resource density in which some form of filtering was applied. For example CRS, where the density could be as large as 12 RE per RB per port, the channel estimation processing gain could be up to approximately 10dB or 
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 or even larger depending on the exact algorithm. Since the CSI-RS density per port is only at 1 RE per RB, we propose to fix the processing gain to 
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 for CSI-RS. Although there might be other channel estimation method which may achieve higher effective processing gain, we believe in order to align simulation results between companies, it would be beneficial to agree on a generic estimation error modeling and parameters as a baseline, and let companies bring results on other parameters if they wish.
4. Conclusion

In summary, show a CSI-RS and CRS overhead assumption we may use during the system level simulations and show a simple error model for CSI-RS measurements. We propose to adopt both proposals as part of the simulation assumptions during the CoMP performance study.
Proposal 1. Compute the CSI-RS and CRS overhead as effective OFDM symbol overhead. Take the PDCCH, CRS, and CSI-RS overhead into account during the system level simulations. Example values are shown in Table 1.

Proposal 2. Model the CSI-RS channel estimation error as Gaussian noise  with processing gain, where the CSI-RS processing gain is equal to 1/2 as shown in equitation below.
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