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1 Introduction

To facilitate accurate timing tracking for multiple transmission points in DL CoMP co-location signalling between CSI-RS resource of CoMP measurement set and DM-RS was agreed at RAN1#70 meeting. In this document, we discuss frequency offset tracking issue for multiple transmission points in DL CoMP and the need of additional quasi co-location signalling between DM-RS and other types of RS.
2 Impact of frequency offset on PDSCH performance

Frequency offset is one of the implementation impairments which may significantly affect PDSCH performance. More specifically the residual frequency offset may introduce linear phase ramp in time domain, which is typically difficult to track using conventional channel estimation procedures. More specifically the frequency offset can be estimated as part of channel estimation by accounting the possible frequency offset in the Doppler spread of LMMSE channel estimation filter. However large Doppler spread margins may degrade channel estimation efficiency at low SINR region. Additionally orthogonal CDM-T structure of DM-RS may be lost at some extend, if frequency offset is not compensated prior to DM-RS processing. 

To illustrate the impact of frequency offset, Figure 1-3 shows the PDSCH performance with single DM-RS antenna port for different modulation and coding schemes, under assumption of frequency offsets of {0,100,200} Hz [1]. Two channel estimation scenarios are being considered: 

· LMMSE filter optimized to the channels with low Doppler spread with no additional frequency offset compensation
· LMMSE filter optimized to the channels with higher Doppler spread for more accurate frequency offset tracking
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(b) LMMSE filter margin

Figure 1: Sensitivity of PDSCH performance to different frequency offsets

It can be seen that the accuracy of frequency offset compensation is highly dependent on the employed modulation and coding scheme. More specifically the higher order modulations (16QAM and 64QAM) are typically more sensitive to the frequency offset estimation error, while for low order modulation (QPSK) the PDSCH performance might be less impacted. It can be also seen that accounting the potential frequency offset error in the Doppler spread of DM-RS channel estimator significantly improves performance for higher order modulation, however, as discussed above, some performance loss (one the order of 0.5-0.7dB) may be observed at low SINR region. This loss is preferable to compensate using frequency tracking on other reference signals prior to DM-RS processing. 

Observation:

· DM-RS based frequency tracking is feasible by accounting frequency offset in LMMSE filter design

· Some channel estimation processing gain may be lost at low SINR region

· It is preferable to compensate frequency offset estimated using other reference signals prior to DM-RS processing
3 Frequency tracking using CRS

In LTE-A frequency offset tracking on CRS is used for PDSCH demodulation from the serving cell and for RRM measurements of the neighboring cells. Frequency offset tracking is typically performed by estimating the phase offset on CRS resource elements with the same frequency-domain index 
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 in OFDM symbol pairs 
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={0,7} and 
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={4,11}. For serving cell CRS processing is typically carried out over the entire system bandwidth (across all PRBs) and two CRS antenna ports 0 and 1, if more than one CRS antenna port is configured. However the current assumptions on CRS processing for neighbor cells are somewhat different. More specifically to reduce UE processing requirements, single CRS antenna port 0 and 6 central PRBs (or measurement bandwidth indicated by RRC) are currently assumed in RAN4 for neighbor cell RRM measurements. Therefore it is expected that frequency tracking on neighbor cell CRS should be less accurate than on CRS for the serving cell. 

Observation:

· The CRS processing gain for serving and neighboring cells are different:

· processing bandwidth for neighboring cell CRS is limited to 6PRBs
· number of CRS ports for neighboring cell CRS processing is limited to single antenna port
Figure 2 shows the comparison of CRS frequency tracking performance for serving and neighbor cells under 200Hz frequency offset assumption. The remaining simulation assumptions are provided in the Appendix of this document. The CDF curves of the estimated and actual frequency offsets are presented for different SNR values. The frequency offset estimation was performed within each subframe as described in the beginning of this section and averaged across subframes as follows
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where parameter 
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 equals to 1/4 was assumed in the simulations. Note that equation (1) assumes that frequency offset is not compensated at the front end after each measurement.
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Figure 2: Performance of CRS based frequency offset tracking for serving and neighbour cell CRS
The SNR values in simulations ({-10,-5,0} dB for neighboring cells and {-6,0,6} dB for serving cell), were selected in accordance to the typical SINR values observed on the serving cell and neighboring cells CRSs of CoMP measurement set. SINRs on Figure 3 were collected from system level simulations following CoMP evaluation methodology [2].
[image: image14.emf]-15 -10 -5 0 5 10 15 20 25 30 35

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CRS SINR, dB

CDF

HetNet, 4 LPNs, Uniform dropping (Config. 1), CoMP threshold = 10dB

 

 

Serving cell CRS

Cooperating cells CRS

 [image: image15.emf]-20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CRS SINR, dB

CDF

HetNet, 4 LPNs, Clustered dropping (Config. 4b), CoMP threshold = 10dB

 

 

Serving cell CRS

Cooperating cell CRS


Figure 3: Typical SINR values on CRS for serving and cooperating cells of CoMP measurement set in CoMP scenario 3.
From Figure 2 it can be seen that serving cell CRS offers reliable frequency offset measurements in most of the cases. It means that co-location of CSI-RS resource and CRS of the serving cell provides a means to compensate frequency offset prior to DM-RS processing. The frequency offset tracking using neighbour cell CRS is less reliable and in sometimes may deteriorate the performance. Different frequency offset estimation performance is explained by different operating SINR and CRS processing assumptions.
Observation: 

· Frequency tracking using serving cells CRS is useful for most of the cases:
· Large CRS processing gain and relatively high operating SINR region provides frequency offset compensation sufficient for CoMP operation.
· Co-location between serving cell CRS and CSI-RS/DM-RS with respect to frequency offset seems to be well justified.
· Frequency tracking using neighbour cells CRS seems to be also beneficial, but it may deteriorate the performance in some cases.
4 Frequency tracking using CSI-RS

As discussed in Section 3 one of the drawback of using neighbor cell CRS for frequency tracking is low SINR values due to lack of interference coordination on CRS e.g. via PDSCH muting. On contrary for CSI-RS the network may configure zero-power CSI-RS resources to almost perfectly eliminate interference from neighboring interfering cells, therefore achieving a more promising SINR values. Figure 4 shows typical SINRs on CSI-RS of serving and neighboring cells calculated under assumption the PDSCH interference within CoMP coordinating set is fully eliminated. Although SINR on CSI-RS of CoMP measurement set is more favorable for accurate frequency offset estimation, the structure of CSI-RS is not appropriate for frequency offset tracking. More specifically, 1 RE per PRB per CSI-RS antenna port doesn’t allow estimating frequency offset within a subframe, except for the case of one 1 CSI-RS antenna port, where 2 REs per CSI-RS antenna port is used. Potentially CSI-RS transmissions on different subframes can be employed to estimate the frequency offset between two consecutive CSI-RS transmissions. However with CSI-RS periodicity 
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 becomes problematic and some frequency offset estimation ambiguity may occur.
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Figure 4: Typical SINR values on CSI-RS for serving and cooperating cells of CoMP measurement set in CoMP scenario 3.
Figure 5: Performance of CSI-RS based frequency tracking with 1 CSI-RS antenna port

Observation: 
· CSI-RSs with more than one CSI-RS antenna ports are not suitable for frequency offset tracking.
3 Conclusions

In this contribution we have discussed different options for frequency offsets tracking for multiple transmission points. It was observed:
· DM-RS based frequency tracking is feasible by accounting frequency offset in LMMSE filter design

· Some channel estimation processing gain may be lost at low SINR region

· It is preferable to compensate frequency offset estimated using other reference signals prior to DM-RS processing

· Frequency tracking using serving cells CRS is useful for most of the cases:

· Large CRS processing gain and relatively high operating SINR region provides frequency offset compensation sufficient for CoMP operation.

· Co-location between serving cell CRS and CSI-RS/DM-RS with respect to frequency offset seems to be well justified.

· Frequency tracking using neighbour cells CRS seems to be also beneficial, but it may deteriorate the performance in some cases.

· CSI-RSs with more than one CSI-RS antenna ports are not suitable for frequency tracking.
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Appendix: Simulation Assumptions
TABLE 1: Simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Channel model 
	EVA-5Hz

	Frequency offset 
	200 Hz

	Processing bandwidth
	50 PRBs serving cell CRS
6 PRBs neighbor cell CRS

	RS used
	CRS and CSI-RS

	Number of antenna ports
	2 for serving cell and 1 for neighboring cell CRS 

	Number of simulated subframes
	20 for CRS
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