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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 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 

· 2 TPs to be modelled in the simulation. However 2 PDP is not necessarily mandated; companies to indicate CRS transmitted from both TPs or single TP.
· Metric: Tput vs SNR
· Tx EVM included
· Carrier bandwidth=10MHz, Carrier frequency =2.6GHz

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

· Transmission mode: TM9, 2x2
· PDSCH Resource allocation: 3, 50 PRBs

· Simulation length= 10000 subframes

· Frequency range =0:200Hz for the purpose of the study with steps of 50Hz 
· Channel estimation, synch algorithms, frequency tracking algorithms, PDP and delay spread estimators: practical by considering Behaviour B

The simulations are provided according the following cases:

· Case2: Performance impact due to frequency error (High priority)
· Case 3: study the performance for UE which wrongly assumes behaviour A.
Performance results will be provided as a comparison between behaviour A and B. In the previous meeting document [1] provided already an extensive set of simulation results. In this meeting the results are updated by considering PDP and SNR estimation by considering behaviour B as mentioned in the simulation set up.

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.  
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

In this simulation set up two TPs are considered where CRSs are sent from a single TP. DM-RSs have a higher sampling rate compared to CSI-RS. The limitation of the CSI-RS based estimation comes from the periodicity of those signals which can be up to 5ms, this limits the maximum frequency which can be estimated via CSI-RS to +-100Hz. After 100Hz aliasing is occurring which degrades the performance.
For DM-RS the frequency error which can be corrected is much higher thanks to the higher density in time domain and aliasing is not problematic. 

In the following we provide simulation results for DM-RS based estimation and for CSI-RS based estimation. The correction in both cases is done after FFT. 

The aim of this paper is to understand through simulations what can be tolerated from the UE point of view.
3.1 Results
Figures 1 and 2 show the performance in terms of RMS frequency error for CSI-RS based frequency tracking when DM-RSs are not exploited with 5 and 50Hz Doppler spread for EPA and ETU channel.
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Figure 1: RMS Frequency error for CSI-RS based frequency tracking (DMRS not exploited), 5Hz Doppler spread for respectively EPA and ETU channels. CSI-RS periodicity is 5ms.
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Figure 2: RMS Frequency error for CSI-RS based frequency tracking (DMRS not exploited), 50Hz Doppler spread for respectively EPA and ETU channels. CSI-RS periodicity is 5ms.

It can be concluded from Figure 2 and Figure 3 that CSI-RS provides reliable frequency tracking within the [-90; +90] Hz range even when Doppler spread is 50 Hz with 5ms periodicity.
This can be shown also by Figures 3-6 which show the throughput vs SNR performance for EVA, and  ETU for QPSK and 64QAM modulation.

The alias can be easily resolved by using DM-RSs. It can be shown that DM-RS can be efficiently used to solve the aliasing problem and CSI-RS can be used in order to have a fine frequency error estimation, see for ex R1-125196, [2], where it is concluded that by using this methodology the supported frequency shift is [-200;+200] Hz with CSI-RS periodicity 5ms.
DM-RSs do not suffer from aliasing problem thanks to the higher density in time domain; however they provide a less accurate estimation compared to CSI-RS, especially at low to medium SNR range. In the following we study the frequency error effect when only DM-RSs are considered, to understand the effect of the loss in inaccuracy due to the estimation done solely on DM-RSs.

Figures 7-12 show these performance results. 
The results are provided in terms of throughput vs SNR for behavior A (everything is collocated) and behavior B (DM-RSs and CSI-RS are assumed as collocated) for EVA, EPA and ETU and respectively for partial allocation (3PRBs) and full allocation (50PRBs) for DM-RS. The range of frequency errors considered in the simulation ranges between 0 and 200Hz as agreed in previous meeting. 
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.

It should be noted that these simulation results are obtained by considering pratical estimations for PDP, SNR, timing based on DM-RSs, i.e. the actual timing difference is estimated via DM-RS and the derotation based on the estimated timing offset is applied even if the actual timing difference is 0 in the simulation. This means that the performance results do not only take into account the effect of frequency error but also the effect of a possible residual timing error estimate.

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, especially for EVA and EPA. Even if DM-RSs provide less accurate frequency error estimation at low SNR, the impact on the overall throughput performance is very limited. 
From the figures it can be noticed that also in case of small PRB allocation a correct derotation based on DM-RS it is still possible, hence it is proposed to base the discussion on the assumption that the UE can always estimate the frequency error based on DM-RS and in case it wishes a joint CSI-RS+DM-RS estimation can be considered in order to have a even smaller residual frequency error and reduce even further the performance loss.
Figures 13-18 provide the simulation results for a UE which is incorrectly considering behaviour A for a frequency error of 50, 100, 150 Hz for EVA, EPA  for 3PRBs respectively.  The figures compare the optimal performance in case of behavior A (when everything is colocated), the performance obtained when the UE does not do any compensation of the frequency error and the performance of the UE who is doing frequency error compensation. 

Additionally figures 19-22 show the performance for ETU with 1musec timing difference, 50Hz frequency error for the following cases, 3PRBs,
1. the UE compensate only timing error

2. the UE compensate only for frequency error

3. the UE compensate for both

4. the UE does not compensate anything

The curve indicating the optimal performance in case of collocation of all the parameters is also provided.

As it can be seen the loss in performance due to a wrong UE assumption is large for frequency error in the order of 150Hz for both EPA and EVA and can be considered in order to discriminate between a UE which follows behavior B and a UE following behavior A. It can be noticed that this frequency offset is valid for medium to high SNR levels and in particular for 64QAM and high coding rate. Instead it can be difficult to discriminate between the two behaviors if lower order modulations are considered. This again motivates the need for at a test based on 64QAM and high coding rate. 
It should be noted that it is important to guarantee that the UE does estimate the frequency error by considering behavior B (estimation based on DM-RS, CSI-RS or on both). If the UE keeps tracking frequency error based on CRS Comp performance will be compromised.

From figures 19-22 it can be noted that in case of ETU the lack of time and or frequency error compensation do not significantly degrade the performance. Hence ETU can not be considered as a valid channel conditions to test behavior B. It is recommended not to use ETU to set the requirements in order to be able to define a requirement which is meaningful for a UE supporting behavior B. 
The following can be concluded:

· From our simulation results it can be concluded that a range 0-200Hz can be tolerated by the UE.  

· It is recommended not to use ETU to set requirements in order to be able to define a requirement which is meaningful for a UE supporting behavior B. 

· It is recommended to set a test based on 64QAM with high coding rate and 150-200Hz frequency difference between the TPs in order to correctly test behavior B.
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Figure 3. Throughput vs SNR, CSI-RS based estimation, EVA, 3PRB, QPSK, No timing error
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Figure 4. Throughput vs SNR, CSI-RS based estimation, EVA, 3PRB, 64QAM, No timing error.
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Figure 5. Throughput vs SNR, CSI-RS based estimation, ETU, 3PRB, QPSK, No timing error.
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Figure 6. Throughput vs SNR, CSI-RS based estimation, ETU, 3PRB, 64QAM, No timing error.
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Figure 7. EPA, DM-RS based estimation, 3PRB.
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Figure 8. EPA, 50PRB, DM-RS based estimation.
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Figure 9. EVA, 3PRB, DM-RS based estimation.
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Figure 10. EVA, 50PRB, DM-RS based estimation.
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Figure 11. ETU, 3PRB, DM-RS based estimation.
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Figure 12. ETU, 50PRB, DM-RS based estimation.
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Figure 13. EPA, 3PRB, DM-RS based estimation, 50Hz.
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Figure 14. EPA, 3PRB, DM-RS based estimation, 100Hz.
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Figure 15. EPA, 3PRB, DM-RS based estimation, 150Hz.
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Figure 16. EVA, 3PRB, DM-RS based estimation, 50Hz.
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Figure 17. EVA, 3PRB, DM-RS based estimation, 100Hz.
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Figure 18. EVA, 3PRB, DM-RS based estimation, 150Hz.
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Figure 19. ETU, 1musec timing error, 50Hz No compensation, 3PRB
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Figure 20. ETU, 1musec timing error, 50Hz Frequency error compensation, 3PRB
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Figure 21. ETU, 1musec timing error, 50Hz Timing error compensation, 3PRB
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Figure 22. ETU, 1musec timing error, 50Hz Timing and frequency error compensation, 3PRB

4 Conclusions

The following can be concluded:

· From our simulation results it can be concluded that a range 0-200Hz can be tolerated by the UE.  

· It is recommended not to use ETU to set requirements in order to be able to define a requirement which is meaningful for a UE supporting behavior B. 
· It is recommended to set a test based on 64QAM with high coding rate and 150-200Hz frequency difference between the TPs in order to correctly test behavior B.
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