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1 Introduction

RAN1 discussed the quasi co-location of different RS ports.  One remaining issue is whether UE could assume quasi co-location of CRS ports and a specific CSI-RS resource if it is indicated by RRC signaling [1]

 REF _Ref339531537 \r \h 
[2].   RAN1 could not reach consensus in RAN1#70bis.  However, RAN1 agreed to continue the study of the need of RRC signaling to indicate the quasi co-location of CRS and CSI-RS as follows,

· For TM1-9, 

· Behaviour A

· Inform RAN2 that RAN1 is also discussing whether additional RRC signalling might be needed in TM10 to control the quasi-co-location behaviour; RAN1 needs to study further until RAN1#71 to make this decision. 

· include in LS to RAN2 with RRC parameters

It was noted that the RAN1 study should focus on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset.   
This paper further discusses the frequency tracking performance of using CSI-RS in comparison with that using CRS.       

2 Performance Degradation caused by Frequency Errors 
The quasi co-location assumptions between CRS/DMRS and between CRS and CSI-RS ports are critical for the UE in the channel tracking and compensation since UEs use CRS for channel tracking.  UEs will perform channel tracking based on CRS once the cell is detected and acquired.   UEs also continue monitoring neighboring cells for detection and acquisition for mobility.  If the quasi co-location of CSI-RS and CRS is signaled to the UE, the UE could reuse the results of channel tracking based on CRS to support the channel tracking of a given CSI-RS resource, and this would in turn assist the demodulation using DMRS.  

Channel tracking includes both time and frequency tracking of the radio channel.   For the UE, the requirements of modulated carrier frequency error shall be accurate within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the eNB.  For a macro eNB, the tolerable frequency error shall be accurate within ±0.05 PPM observed over a period of one subframe (1 ms).    For a 2 GHz carrier, UEs might therefore observe up to ±100 Hz frequency drift over a period of one subframe.   The UE needs to continue tracking the frequency drifting and compensate the frequency offset of the signals received from the eNB.  A graphical illustration of frequency offset across the subcarriers is shown in Figure 1.  If the frequency offset is not estimated accurately and compensated fully, PDSCH performance will degrade due to inter-subcarrier interference as shown in Figure 1.   In Figure 2, PDSCH BLER performance is shown due to frequency errors ranging from 0 – 2000 Hz.   We could see from Figure 2 that the PDSCH BLER performance degradation is negligible if the frequency error is controlled within 500 Hz.  PDSCH BLER performance degrades significantly with frequency errors larger than 1000 Hz.  
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Figure 2: PDSCH BLER performance with frequency error
3 Analysis of Frequency offset estimation using CSI-RS and CRS

Algorithms for frequency tracking are implementation dependent.    There are several studies in the literature on the frequency offset performance [5], [6], [7], [8], [9], and [10] for LTE/LTE-A.   Frequency offset could be derived from time domain linear phase shift from known reference signals, direct frequency domain channel response function, and adaptive filtering.  For the reference symbol frequency tracking algorithm, the frequency offset is derived from the linear phase shifts of RS between two OFDM symbols after the compensation of timing and phase offset based on the assumption that the frequency response is time invariant within these two OFDM symbols.  

One example of the reference symbol frequency tracking algorithm for frequency offset estimation is to use  the raw pilot channel response
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 for m-th symbol, l-th sub-carrier, and j-th antenna of RS, either CRS or CSI-RS.   The simple reference symbol frequency tracking algorithm is derived using the average of the frequency offset compensated pilot outputs as follows:
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where 

· 
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 is the number of reference symbols per resource block for averaging
· S  is the interval between the 2 reference symbols within a sub-frame, in which the cross-correlation is measured.   S determines the resolution of cross-correlation.  If S is too small, the linear phase variation is small and the signal is highly correlated and the desired frequency offset resolution is low.  If S is too large, the linear phase variation is too large, and the assumption of channel invariance might not hold.   
· 
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 is the number of accumulated symbols for averaging 
For CRS-based frequency tracking using port 0, on a given subcarrier  S = 7 and  Nl = 2.  Nm is the number of measured OFDM symbol pairs that are combined for energy accumulation before computing the frequency offset.  Since each CRS port has two OFDM symbols of CRS REs per subcarrier per subframe, the number of measured OFDM symbol pairs is equal to the number of subframes.    The number of OFDM symbol pairs for combining is based on the assumption that the frequency drifting variation is negligibly small.  Nm is in the range of 1-20 for CRS-based frequency tracking.   
For CSI-RS based frequency tracking,   S = 70 between 2 CSI-RS symbols within 5 ms interval and  Nl = 1 (one RS per PRB).   Since cross-correlation of CSI-RS symbols are computed only cross two subframes (e.g. 5, 10, 20, 40, 80 ms apart), the combination of CSI-RS OFDM symbol pairs is not adequate.  Thus,  Nm is set to 1 for CSI-RS based frequency tracking.  

Figure 3 shows the mean square error in Hz of frequency tracking errors for the CRS-based frequency tracking algorithm.   The number of subframes for energy accumulation is 10, which provides around 10 dB gain in frequency offset estimation accuracy.   For CSI-RS, we expect the performance would be at least 10 dB worse since there is no subframe combining for energy accumulation and a large separation between the reference symbols.   Thus, we could expect the performance of frequency tracking using CSI-RS would be heavily degraded.   
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Figure 3: Frequency tracking performance results for CRS with 10 subframes accumulation
Frequency tracking needs to work at SNR as low as at least -6dB. Therefore, for CSI-RS, we would need to extrapolate the curve of Figure 3 back to -16dB. Clearly the curve is exponential; from the discussion of PDSCH BLER in Section 2, the question is whether the MSE frequency offset is still below 500-1000Hz at -16dB. Further evaluations are ongoing to verify this point. 
4 Conclusions

In this paper, we further discuss the frequency tracking analysis based on CRS and CSI-RS.   In our analysis from one typical RS frequency tracking algorithm, we showed that the frequency tracking performance using CRS with subframe combining for energy accumulation provide a good CFO performance.   With CSI-RS based frequency algorithm, RS combining for energy accumulation would be at least 10dB worse.  This is expected to have a non-neglible impact on PDSCH demodulation.  Thus, quasi-co-location of CSI-RS and CRS through higher layer signaling would help UEs in frequency tracking based on CRS and CSI-RS.  We propose to support higher signaling to indicate quasi co-location of CRS and CSI-RS by eNB.  
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Figure � SEQ Figure \* ARABIC �1�: Illustration of carrier frequency offset at the receiver
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