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1.
Introduction
In system level simulation, channel estimation and measurement error modelling is not usually adopted. However, channel estimation and measurement error can have considerable impact on the performance of UEs with low SINR or UEs located at cell edge. Especially in CoMP system, where most of the UEs that are part of UL CoMP reception are located at cell edge area, channel estimation and measurement accuracy has a dominant impact on the achievable CoMP performance gains as shown in [1]. In 3GPP RAN1#63bis meeting, the baseline assumptions for CoMP simulations have been defined, and it has been agreed that the channel estimation error for demodulation based on DMRS and channel measurements error for measurements and CSI feedback based on SRS or CSI-RS should be modelled [2]. Therefore in this document we provide our view on channel estimation modelling in uplink system level simulation, where the modelling can be applied to evaluate DMRS based receiver performance for both CoMP and non-CoMP cases.
2. System level modelling of channel estimation for LTE Uplink
Usually a simplified model, in which the ideal channel responses are deteriorated with some additive Gaussian noise, is used for channel estimation error in system level simulation but it is not a very accurate approach in the end. This is especially the case for cell edge UEs, which have low SINR, or for UEs in CoMP reception, which requires channel measurements across multiple cells, as channel estimation error should be at least related to the received signal quality. 

In order to evaluate the impact of channel estimation more accurately, we introduce link level channel estimator into system level simulation platform and apply concrete reference signal sequences. Figure 1 illustrates channel estimation modelling for linear uplink receiver in a system level simulation.
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Figure 1: Block diagram of UL receiver and channel estimation modelling in system level simulation
In Figure 1, the narrow band system level SINR is calculated as 
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where h and n in this formula are the ideally known radio channel and noise, 
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 is received own signal power, and 
[image: image4.wmf]2

*

E

éù

êú

ëû

zn

 is received noise and interference variance. The receive vector z is calculated based on estimated channel and estimated noise. For example for MMSE equalizer, equation
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models that the receive weights are not selected perfectly and this reduces the gain from increasing number of receiver antenna and enabling IRC and CoMP.
After that, the narrow band SINR is mapped to an effective SC-FDMA wideband SINR and then a block error rate is generated based on table look up using effective SINR and MCS.
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3. Channel estimation modelling
The used channel estimate is based on complex-valued realistic signals modelling received signal for DMRS. For each reference symbol
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includes both noise and non-orthogonal interference. Different channel estimation algorithms can be used, and they can be based on various basic principles such as ML, LS, MMSE and so on. However, the used channel estimation method needs to be feasible also in practise as otherwise too optimistic performance results are generated. For example, MMSE channel estimation utilizing all available pilot samples and full knowledge of the second order statics of radio channel can not be seen as a feasible estimation method.
For MMSE receiver as shown in (2), interference and noise covariance estimation is needed. Based on (4), interference and noise estimate can be based on difference                                              
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from which covariance matrix estimate 
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 can be generated by appropriately filtering matrix 
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4. Performance results
Simulation assumptions are listed in Table1. Baseline reference uses single cell IRC receiver and orthogonal DMRS over cells of the same site. In CoMP scenarios both orthogonal DMRS symbols and non-orthogonal DMRS symbols over the cells belonging to the CoMP area are evaluated.
Table 1 Simulation assumption

	Parameter
	Values used for evaluation

	CoMP Scenario
	1

	Bandwidth/Carrier frequency
	10MHz / 2GHz

	Environment
	3GPP Case1 with 57cells (3 cells / site)

	Network synchronization
	Synchronized

	UEs per cell
	10

	ISD
	500m

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB/RRH
	2 ( eNB antenna tilt 15o.)

	UL power control
	Po=-84, alpha=0.8

	UL receiver type
	MMSE-IRC

	HARQ combiner
	CC/IR

	HARQ max. transmissions
	4

	SRS period
	10ms

	UE PRB allocation
	Fixed, 6PRB (orthogonal PRB allocation between cells)

	FDPS
	PF

	Traffic model
	full buffer

	Channel estimation
	Practical


In Figure 2 we show UE average throughput and cell edge UE throughput loss when using channel estimation for non-CoMP with IRC receiver, CoMP with non-orthogonal DMRS, and CoMP with orthogonal DMRS, respectively, compared to the corresponding systems without channel estimation.
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Figure 2: Channel estimation loss for non-CoMP and CoMP systems 
From the simulation results, we can see that for non-CoMP system channel estimation error will degrade both UE average (-9%) and cell edge UE throughput (-13%). For CoMP scenario the impact of channel estimation error is more obvious, in the case of CoMP with non-orthogonal DMRS there is about 26% UE average throughput degradation and 31% cell edge UE throughput degradation. In the case of CoMP with orthogonal DMRS although the loss is decreased there is still about 12% UE average throughput degradation and 16% cell edge UE throughput degradation. Therefore it is obvious that channel estimation error should be taken into consideration carefully to access the performance gain that we can derive from CoMP system compared to non-CoMP system.
5. Summary
In this contribution, we have presented UL channel estimation modelling in system level simulation by introducing link level channel estimator and realistic signals that experienced channel fading as channel estimation input. We have also shown system simulation results for non-CoMP and CoMP system with and without channel estimation. Based on the simulation results we can conclude that CoMP reception is more sensitive to channel estimation errors than single cell reception. The performance gain of JP CoMP over non-CoMP system under real channel estimation is decreased compared to the performance gain without channel estimation error evaluated. So the impact of channel estimation error can’t be ignored especially for CoMP scenarios, in which most CoMP mode UEs are located at cell edge area and suffer from channel estimation errors.
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Complex-valued realistic signal as input signal for channel estimation
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System level narrowband SINR defined at this stage
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