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1 Introduction
In last RAN 4 meeting Comp core requirement was finalized with the following conclusions [1]:

No BS core impact because of CoMP 

· No relative timing requirements

· No relative frequency error requirements


Nevertheless these two aspects need to be accounted for in simulation assumptions when defining demodulation performance in order to make sure that performance requirements are meaningful.

In last RAN 4 meeting simulation results based on frequency error were already provided by several companies, e.g. [2]. The frequency error compensation was based on DM-RS or CSI-RSs.

By comparing the results of different companies it can be concluded that frequency error compensation based on DM-RS was sufficiently robust and up to 200Hz frequency error could have been considered as reasonable assumption.

Some companies analyzed also the throughput results when based frequency error compensation was based on CSI-RSs [2]. The outcome of this analysis is that the CSI-RS are very reliable but only up to a limited frequency error which depends on the periodicity of the CSI-RS, e.g. up to 80-90Hz for 5ms periodicity. 
In the meantime RAN 1 has decided the following:

· For each CSI-RS resource, the network shall indicate that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt {Doppler shift, Doppler Spread}

Which practically means that the UE may use these CRSs  in order to estimate frequency errors as they will be collocated with certain CSI-RS resources which in return will be collocated with DM-RSs.  

In the following we analyze frequency error estimation based on CRS for various conditions and we propose the baseline algorithm to be used to base the performance requirements on.
Note that in the following frequency error is actually a characteristic of the deployment and not an estimation error. The results are provided after compensation. 

2 CRSs-based frequency error correction: single point PDSCH transmission
In this section we provide the simulation results for the following set up:

Scenario 3: Two TPs each transmitting CRSs with different cell ID. 

Non serving CRS (which are colocated with CSI-RS and DM-RSs) are received with a certain SNR= -14:3dB (This SNR range is considered following the system level analysis in [3]). 
The use of different SNR levels on CRSs compared to the SNR levels achievable on DM-RS is motivated by scenarios where the UE is located at the cell edge (e.g. heterogeneous deployments) when CRSs is transmitted by several points, non-shifted CRSs are used (to avoid CRS interference on data) and the system load is low (very high SINRs on PDSCH). 

The results are provided in terms of throughput vs PDSCH SNR. 
CRSs are used in order to perform frequency tracking/compensation post FTT. 

No timing error is considered in the following simulation results.
The results are provided for several configurations:

Figure 1-12 show the performance results for EPA, ETU, EVA for QPSK, 16QAM and 64QAM for 1.4MHz and 5MHz, for 0 and 300Hz frequency error for 3PRB PDSCH allocation, 2 CRS ports and rank 1.

Figure 13-20 show the performance results for EPA and EVA for QPSK, 16QAM and 64QAM for 1.4MHz and 5MHz, for 0 and 300Hz frequency error for 3PRB PDSCH allocation, 1 CRS ports and rank 1.
Figure 21-28 show the performance results for EPA and EVA for or QPSK, 16QAM and 64QAM for 1.4MHz and 5MHz, for 0 and 300Hz frequency error for 3PRB PDSCH allocation, 1 CRS ports and rank 2.
Figure 29 and 30 show the throughput obtained when 3PRB are allocated and DM-RS are used for the frequency error estimation, (rank 2) for frequency error up to 200Hz.
When considering the Figures where CRS-based frequency error estimation is used the following can be concluded (Figures 1-28):
1. The performance are almost independent from the amount of frequency error:
a. the residual frequency error is due to poor SNR conditions and is similar for any frequency error.
b. very similar results and behaviour can be obtained for both 0Hz or 300Hz frequency error.

2. Independently from the amount of frequency error

a. For 1.44MHz system bandwidth, 64QAM, for both EPA and EVA
i. Performance is acceptable in general for CRSs SNR >-5dB (-3dB is an acceptable value). 
ii. For DM-RS SNR region <10dB, CRS SNR can be lowered towards -8dB with still acceptable performance.

b.    For 5MHz system bandwidth 64QAM, for both EPA and EVA
i. As expected performance improves

ii. Performance is acceptable in general for CRSs SNR =-5dB. 
iii. For DM-RS SNR region <10dB, CRS SNR equal to -8dB is acceptable.

c. For 1.44MHz system bandwidth, 16QAM, for both EPA and EVA

i. Performance is acceptable in general for CRSs SNR =-5dB 

ii. For DM-RS SNR region <10dB, CRS SNR = -8dB provides acceptable performance.

d.    For 5MHz system bandwidth, 16QAM, for both EPA and EVA
i. As expected performance improves

ii. Performance is acceptable in general for CRSs SNR =-8dB. 
iii. For DM-RS SNR region <10dB, CRS SNR equal to -10/-11dB is acceptable. 
e. Note that EVA5 is more sensitive to CRS SNR inaccuracies.

f. As expected the results based on ETU show less degradation for low CRS SNR. This is due to the fact that under low SNR conditions the main throughput degradation comes from the high residual frequency error estimation, to which ETU is less sensitive.
When considering the Figures where DM-RS-based frequency error estimation is used the following can be concluded (Figures 1-28, Note that extensive simulation results can be found in [2]):
1. DM-RS based frequency error show almost no degradation of the performance for frequency error up to 200Hz for both EPA and EVA when PDSCH allocation is >=3PRBs.
2. The small loss performance comes from the channel parameters selection based on DM-RSs and it is independent from to amount of frequency error (at least up to the simulated value, 200Hz).
Hence, the following can be concluded:

A suitable algorithm which performance requirements can be based on is

1. Use DM-RS based frequency error estimation whenever PDSCH allocation is > 3PRB.

2. Use CRSs-based frequency error estimation otherwise.

This algorithm will allow to have reliable frequency error estimation whenever more than 3PRB are allocated, and in case 1PRB is allocated reliable frequency error estimation can be obtained at least whenever CSR SNR is >-5dB (for all conditions, -3dB is a CRS SNR level where close to optimal performance can be achieved in all the conditions). 

This approach allows for some deployment freedom, i.e. comp gain can still be exploited even in cases when CRS SNR is very low provided that a sufficient amount of PRBs is scheduled to the UE.   

If this is not considered it may mean that Comp transmission can not be scheduled whenever CRSs SNR is too low.
Proposal 1: A suitable algorithm which performance requirements can be based on is

3. Use DM-RS based frequency error estimation whenever PDSCH allocation is > 3PRB.

4. Use CRSs-based frequency error estimation otherwise.

Proposal 2.
In order to avoid unnecessary additional limitation in the base station which may lead to unnecessary higher complexity and cost it is proposed to consider the following ranges
1. up to 300Hz is acceptable from performance point of view if CRS only based algorithm is considered, when CRS SNR is sufficiently high. 

2. up to 200Hz is acceptable from performance point of view if DM-RS based algorithm is considered when at least 3PRBs are scheduled.  

Details on the test set up are provided in a separate contribution.
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Figure 1.  EPA, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 2.  EPA, freq error 300Hz, 1.4MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 5.  EPA, freq error 0Hz, 5MHz, 3PRB allocation Rank 1, 2 CRS ports.
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Figure 4.  EPA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 5.  ETU, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 6.  ETU, freq error 300Hz, 1.4MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 7.  ETU, freq error 0Hz, 5MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 8.  ETU, freq error 300Hz, 5MHz, 3PRB allocation, Rank 1, 2 CRS ports.
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Figure 9.  EVA, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 10.  EVA, freq error 3000Hz, 1.4MHz, 3PRB allocation, Rank 1, 2 CRS ports..
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Figure 11.  EVA, freq error 0Hz, 5MHz, 3PRB allocation, Rank 1, 2 CRS ports.
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Figure 12.  EVA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 1, 2 CRS ports.
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Figure 13.  EPA, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 1, 1 CRS ports
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Figure 14.  EPA, freq error 300Hz, 1.4MHz, 3PRB allocation, Rank 1, 1 CRS ports.
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Figure 15.  EPA, freq error 0Hz, 5MHz, 3PRB allocation, Rank 1, 1 CRS ports
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Figure 16.  EPA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 1, 1 CRS ports.
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Figure 17.  EVA, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 1, 1 CRS ports.
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Figure 18.  EVA, freq error 300Hz, 1.4MHz, 3PRB allocation, Rank 1, 1 CRS ports.
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Figure 19.  EVA, freq error 0Hz, 5MHz, 3PRB allocation, Rank 1, 1 CRS ports.
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Figure 20.  EVA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 1, 1 CRS ports.
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Figure 21.  EPA, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 22.  EPA, freq error 300Hz, 1.4MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 23.  EPA, freq error 0Hz, 5MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 24.  EPA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 25.  EVA, freq error 0Hz, 1.4MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 26.  EVA, freq error 300Hz, 1.4MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 27.  EVA, freq error 0Hz, 5MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 28.  EVA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 2, 1 CRS ports.
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Figure 29.  EPA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 2, DM-RS used for frequency error estimation.
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Figure 30.  EVA, freq error 300Hz, 5MHz, 3PRB allocation, Rank 2, DM-RS used for frequency error estimation.

3 Wrong SNR estimation

In this section we provide simulation results which show the effect of wrong SNR estimation. 

Figure 31 shows the performance obtained when CRS-based SNR estimation is performed and used for demodulation purpose rather than DM-RS based SNR estimation.
The results are obtained for EVA5, 4x2 antenna configuration, 5MHz, full PDSCH allocation, 64 QAM, rank 2. The results are obtained for a relatively high CRS SNR equal to -3dB. The performance loss at high SNR is mainly due to the wrong channel parameters selection due to wrong SNR estimations. 
This additionally motivates the need to define a test with a sufficient SNR imbalance between CRSs and DM-RS in order to prevent implementations which uses CRSs to estimate the SNR.
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Figure 31. Effect of wrong SNR estimation for channel filter parameter selection. 5MHz
Proposal 3:

Correct SNR estimation should be ensured via appropriate tests. The loss in performance is high when wrong CRS-based SNR estimation is used. 
Note that also CSI-RS are non collocated wrt to channel gain and no collocation for channel gain is also a valid assumption in case of Behaviour A. 
4 Multi point transmission for CRSs and PDSCH
In this section we study the effect of SFN transmission for both CRSs and PDSCH in presence of frequency error in the range from 0 to 300Hz, 64QAM /16QAM modulation and EVA 5 is used for the simulations; 3 PDSCH PRBs are scheduled, 10 MHz, 4x2, rank 1.
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Figure 32. Multipoint transmission for CRSs and PDSCH, equal received power from the TPs. 
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Figure 33. Multipoint transmission for CRSs and PDSCH, power from the TPs is imbalanced. 

These results show the sensitivity of the performance due to the increased Doppler (as if the UE is in high mobility scenario). In this scenario there is no mismatch in terms of frequency error which can be estimated on CRSs or PDSCH.
The following can be concluded:
There is a non negligible loss in performance in case of SFN transmission for both CRSs and PDSCH when increasing the frequency error from 0 to 300Hz. 

This performance result is expected as a consequence of a high Doppler scenario.
Proposal 4: When SFN transmission for both CRSs and PDSCH is considered the performance (independently from the algorithm chosen for the frequency error compensation) suffers from the increased Doppler spread (as a high mobility scenario). 
5 Multi point transmission for PDSCH and single point transmission for CRSs

Additionally in this section the same scenario as considered in [4] is analyzed. We study the effect of SFN transmission for PDSCH while CRSs are transmitted from a  single transmission point in presence of frequency error between the different transmission point in the range from 0 to 300Hz, 64QAM /16QAM modulation and EVA 5 is used for the simulations with 4x2 antenna configuration, 3PRBs are allocated for PDSCH, with open loop transmission scheme with fixed rank 1, 10MHz. 
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Figure 35. Multipoint transmission for PDSCH and single point transmission for CRSs, 16QAM, 3PRB, 4x2 antenna configurations, 10MHz.
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Figure 36. Multipoint transmission for PDSCH and single point transmission for CRSs. 64QAM, 3PRB, 4x2 antenna configurations, 10MHz
These results show the sensitivity of the performance due to the increased Doppler spread and the effect of frequency error mismatch. Clearly under this scheme the performance loss is high for 64QAM where only up to 80Hz can be considered as possible frequency error. 16QAM is less sensitive and a higher frequency error can be tolerated.
Proposal 5: In case when multipoint PDSCH transmission is considered while CRSs are transmitted via a single TP, the effect of frequency error is due to a mismatch between the frequency error seen on PDSCH and the frequency error estimated via CRS. 
Proposal 6: Under this scenario, DM-RS –base frequency error estimation achieves close to optimal results up to 200Hz frequency error when at least 3PRBs are scheduled. 
6 Summary and Proposals
Proposal 1: A suitable algorithm which performance requirements can be based on is

5. Use DM-RS based frequency error estimation whenever PDSCH allocation is > 3PRB.

6. Use CRSs-based frequency error estimation otherwise.

Proposal 2.
In order to avoid unnecessary additional limitation in the base station which may lead to unnecessary higher complexity and cost it is proposed to consider the following ranges
3. up to 300Hz is acceptable from performance point of view if CRS only based algorithm is considered, when CRS SNR is sufficiently high. 

4. up to 200Hz is acceptable from performance point of view if DM-RS based algorithm is considered when at least 3PRBs are scheduled.  

Proposal 3:

Correct SNR estimation should be ensured via appropriate tests. The loss in performance is high when wrong CRS-based SNR estimation is used. 

Note that also CSI-RS are non collocated wrt to channel gain and no collocation for channel gain is also a valid assumption in case of Behaviour A. 

Proposal 4: When SFN transmission for both CRSs and PDSCH is considered the performance (independently from the algorithm chosen for the frequency error compensation) suffers from the increased Doppler spread (as a high mobility scenario). 
Proposal 5: In case when multipoint PDSCH transmission is considered while CRSs are transmitted via a single TP, the effect of frequency error is due to a mismatch between the frequency error seen on PDSCH and the frequency error estimated via CRS. 
Proposal 6: Under this scenario, DM-RS –base frequency error estimation achieves close to optimal results up to 200Hz frequency error and when at least 3PRBs are scheduled.
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