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1 Introduction

In previous meeting the following agreement has been reached in RAN 1. Table 1 summarizes the quasi collocation hypothesis which can be assumed for ports which are used for CRSs, CSI-RS and DM-RSs, i.e. intra-RS collocation assumption.

Table 1. Intra-RS colocation hypothesis.

	CRS
	CSI-RS 
	PDSCH DMRS

	May be assumed as quasi co-located wrt all large-scale properties of the channel {delay spread, average gain, frequency shift, Doppler spread, average delay} within the serving cell.
	Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, average gain, frequency shift, Doppler spread, average delay}.

Between CSI-RS resources CSI-RS ports shall not be assumed as quasi co-located  wrt {delay spread, average gain, frequency shift, Doppler spread, average delay}.
	May be assumed as quasi co-located within a subframe wrt to {delay spread, average gain, frequency shift, Doppler spread, average delay}


Table 2 summarizes the collocation hypothesis which have been agreed in RAN 1 between different RS types, i.e. Inter-RSs collocation assumption.

Table 2. Inter RS colocation hypothesis.

	 
	CSI-RS
	PDSCH DMRS
	PSS/SSS

	CRS
	Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
Behaviour B: CRS and CSI-RS shall not be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay }
	Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
Behaviour B: CRS and PDSCH DMRS shall not be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
	PSS/SSS and CRS ports for a serving cell may be assumed as quasi co-located wrt {frequency shift, average delay}.

	CSI-RS
	 
	Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
Behaviour B: PDSCH DMRS and a CSI-RS resource indicated by physical layer signalingmay be assumed as quasi co-located wrt {delay spread, frequency shift, Doppler spread, average delay}
	 


2 Simulation set up
The following simulation set up has been agreed in RAN 4 64 and it is used here for the analysis of the performance.

· Open loop simulations (FRC) 

· 64QAM with coding rate 0.75, 

· 16QAM with coding rate 0.5 

· QPSK with coding rate 0.33 

· Companies to indicate whether Bundling of DMRS for channel estimation in next meeting.
· Metric: Tput vs SNR

· Carrier bandwidth=10MHz, Carrier frequency =2GHz

· Channel model: EVA5, EPA5, ETU5 (Note also that higher doppler can be considered).

· Transmission mode: TM9, 4x2 low, optional 2x2
· PDSCH Resource allocation: 3, 6, 25, 50 PRBs

· HARQ: 8 processes and max 4 retransmissions

· Simulation length= 10000 subframes

· Channel estimation, synch algorithms, frequency tracking algorithms, PDP and delay spread estimators: practical

· Separate simulation results for timing error and frequency error.

Performance results will be provided as a comparison between behaviour A and B as mentioned in Table 2.

Note that when behaviour A is considered, i.e. when collocation is assumed, the algorithm is based on a practical sync algorithm which exploits the sync signal and CRS. In other words, it provides a reliable timing estimate.
In this contribution we analyze the effect of frequency error.

Open loop simulations are used in order to see directly the impact on PDSCH demodulation because of DM-RSs and CSI-RS posticipated or anticipated wrt CRS.  While closed loop simulations shows the overall effect due to timing mismatch on both the PDSCH demodulation and CSI reporting. The results are provided for both open loop and closed loop.
In the following a positive delay means that the DM-RSs or CSI-RS are posticipated wrt CRSs while negative delays means that they are anticipated, as shown in the figure below:

[image: image1]
3 Open loop simulations

Figures 1-6 show the performance results in terms of throughput vs SNR for behavior A (everything is collocated) and behavior B (DM-RSs and CSI-RS are assumed as collocated only) for EVA, EPA and ETU  and  respectively for partial allocation (6PRBs) and full allocation (50PRBs). The range of frequency errors considered in the simulation ranges between 0 and 400Hz. The rationale for this range is as follows: the non collocation assumption is particularly useful for Comp feature; Comp is a feature which is well optimized for pedestrian speed or in general low speed. Hence the Doppler shift caused by the UE movement is limited, we can consider a maximum of 70Hz which correspond to a maximum frequency error of 140Hz (by considering that the UE can move towards one transmission point and away for the second transmission point).  Additionally the eNodeB frequency error should be taken into account, which is specified in 36.104 as 0.1ppm (0.05ppm x 2) for wide area BS. If we consider 2GHz carrier frequency this corresponds to 200Hz. Hence the total maximum amount of frequency error is ~340Hz. We have slightly expanded this range in order to make sure that important behaviors are captured in the simulations.

The frequency error is estimated and compensated by considering the assumptions according to behavior B. 

The residual frequency error after compensation is implementation specific and simulation results should be provided wrt the initial/modeled frequency error.

From the figures we can observe that when proper frequency error estimation is done according to behavior B and when compensation is done the effect of frequency error is limited.
The valid range of frequency error which can be considered is from 0 to 250Hz.

Figures 7-12 provide the simulation results for a UE which is incorrectly considering behaviour A for a frequency error of 0-400Hz for EVA, EPA and ETU for 6PRBs and 50PRBs respectively. As it can be seen the loss in performance due to a wrong UE assumption is large and allows discriminating between a correct or a wrong UE behavior wrt collocation.

Note that these figures also show what is the sensitivity of the performance wrt residual frequency errors. It can be seen that residual (after compensation) frequency errors in the order of 100Hz may have quite some large performance degradation.

The following can be concluded:

Consider a maximum frequency error in the range 0-250Hz for the definition of the requirements. 
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Figure 1. Effect of frequency error for EVA, 50PRBs. 
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Figure 2. Effect of frequency error for EPA, 50PRBs.
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Figure 3. Effect of frequency error for ETU, 6PRBs.
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Figure 4. Effect of frequency error for EVA, 50PRBs.
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Figure 5. Effect of frequency error for EPA, 50PRBs.
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Figure 6. Effect of frequency error for ETU, 50PRBs.
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Figure 7. Effect of wrong UE behavior, EVA, 6PRBs
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Figure 8. Effect of wrong UE behavior, EPA, 6PRBs
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Figure 9. Effect of wrong UE behavior, ETU, 6PRBs
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Figure 10. Effect of wrong UE behavior, EVA, 50PRBs
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Figure 11. Effect of wrong UE behavior, EPA, 50PRBs
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Figure 12. Effect of wrong UE behavior, ETU, 50PRBs

4 Closed loop simulations

In this section we provide our results for closed loop simulations. The transmission follows the CQI, PMI and RI fed back by the UE.

Figures 13-18 show the performance results for EPA ETU and EVA in closed loop for frequency errors in the range 0-400Hz.  The performance isof course compared to the case when all the RSs are collocated. 

For these figures the following can be observed that the performance degradation is limited and that the observations in previous sections are valid also for closed loop performance.


As mentioned in [2] the aim of this work is to define performance requirements to make sure that the UE assumes the correct collocation hypothesis. Hence in order to fulfil this scope, RAN 4 should not focus the attention on selecting a range with the purpose of limiting as much as possible the performance loss when link adaptation is in place. However this study can be useful for Comp performance definition. 
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Figure 13. CL performance wrt frequency error, EPA, 6PRBs

[image: image15.png]Throughput (bps)

25H

15

05

i

ETU

T T

—&— Frequency Eror (H
—— Frequency Error (Hz) = 100
—E— Frequency Error (
[t
[

—+— Frequency Error
—&— Frequency Error (Hz) = 400





Figure 14. CL performance wrt frequency error, ETU, 6PRBs
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Figure 15. CL performance wrt frequency error, EVA, 6PRBs
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Figure 16. CL performance wrt frequency error, EPA, 50PRBs
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Figure 17. CL performance wrt frequency error, ETU, 50PRBs
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Figure 18. CL performance wrt frequency error, EVA, 50PRBs

5 Conclusions

In this paper we have analyzed the effect of frequency error on the performance results by considering both FRC and closed loop simulations. 

The following can be concluded:

Consider a maximum frequency error in the range 0-250Hz for the definition of the requirements. 
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