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1 Introduction

Quasi co-location behavior B was agreed at RAN1#70, in which the UE may assume the availability of signaling to indicate the quasi co-location of PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling. It was demonstrated that this signaling provides sufficient information to maintain accurate channel estimation quality compared to Rel-10, since the CSI-RS resource provides the reference for power delay profile estimation. Numerous studies have shown that time synchronization can be accurately obtained from CSI-RS. The remaining issue for the focus of RAN1 study is whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS quasi co-location, for at least frequency offset. This contribution provides performance evaluation relative to frequency offset and analyzes the impact of several tracking methods on network and UE complexity.
2 Frequency offset tracking for CoMP
We compare several methods for tracking frequency offset:
· Method 1: Tracking of serving cell’s CRS frequency offset

· Method 2: Tracking of multiple cell’s CRS frequency offsets

· Method 3: Tracking of multiple NZP CSI-RS resources frequency offsets with initial frequency estimation obtained from the serving cell’s CRS
· Method 4: Tracking of frequency offset with a combination of CSI-RS and DMRS

Method 1 would just need to be defined in the specifications, and network implementation should guarantee a small enough frequency error between the cooperative transmission points. The UE would be expected to perform well when the frequency error is within a certain limit (on the order of 20 Hz for joint transmission [1]). The UE would not expect more than a certain frequency error between the reference RS used for frequency synchronization and the PDSCH. This frequency error should include the effect of Doppler shift, which is small in practice for CoMP UEs. 
Methods 2 and 3 require signaling. Method 3 is supported by the currently agreed combination of RRC and DCI format 2D signaling for quasi co-location between CSI-RS and DMRS. Method 2 requires additional signaling to link CRS and DMRS (or alternatively to link CRS and CSI-RS, thereby linking with the DMRS assumed quasi co-located with the dynamically signaled CSI-RS).

The main difference between methods 2 and 3 is that frequency offset can be obtained within one subframe over CRS, while it requires two subframes (separated by e.g. 5 ms) for CSI-RS. In light of this, method 2 is expected to be better than method 3, and it relaxes the constraint on the network frequency synchronization compared to method 1, although tighter synchronization may still be required for certain CoMP schemes.
Method 4 would not require additional signaling beyond the currently agreed combination of RRC and DCI format 2D signaling, but the performance would only be guaranteed if the PDSCH subframe (N) is directly preceded by a subframe (N-1) over which frequency offset can be estimated. Therefore, another PDSCH transmitted from the same TP should also be scheduled in subframe N-1, or the reference NZP CSI-RS resource should occur in subframe N-1. A longer delay (N-k, k>1) would gradually degrade the performance as k increases from 1 to 4. In the worst case, method 4 would not perform better than method 3. In the best case, method 4 could perform as well as method 2.
Simulation results for frequency synchronization are provided in Figures 1-3. The carrier frequency is 2 GHz. The extended vehicular A channel is modeled and the PDSCH is transmitted with different modulations and coding rates. In these simulations, the frequency error in the label of each curve does not include the Doppler shift due to UE mobility. However, the Doppler shift is relatively small for CoMP UEs. It is therefore expected that Doppler shift should only have a limited impact on the results presented here, and the actual frequency errors should be slightly lower than shown on the labels.

Method 1 in scenario 3 is simulated in Figure 1, where two TPs have a certain relative frequency error with one another and only one TP transmits CRS. The UE synchronizes to the CRS while receiving PDSCH from the TP that does not transmit CRS. Large performance degradation is observed for all frequency errors of 50 Hz or more for 64QAM3/4, while there no loss for 16QAM and QPSK below 50 Hz. 
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Figure 1. Method 1 (frequency synchronization on serving cell’s CRS) in scenario 3
Method 1 in scenario 4 is simulated in Figure 2, where two TPs have a certain relative frequency error with one another and both TPs transmit the same CRS port in SFN manner. The UE synchronizes to the CRS while receiving PDSCH from any of the two TPs. The performance degradation is relative acceptable for a frequency error below 50 Hz for 64QAM, while there is virtually no performance degradation for 16QAM and QPSK below 100 Hz. Similar or worse performance degradation should be expected if a UE used one CSI-RS resource to synchronize to a TP that did not transmit that CSI-RS resource.
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Figure 2. Method 1 (frequency synchronization on SFN serving cell’s CRS) in scenario 4
Method 3 is simulated in Figure 3, where each TP has a certain frequency error relative to the serving cell’s CRS. Each TP transmits one CSI-RS resource with 5 ms periodicity. The UE synchronizes to the serving cell’s CRS and then obtains the frequency error from the CSI-RS resource indicated in the DL DCI that assigns the PDSCH while receiving PDSCH from the TP that corresponds to the signaled CSI-RS resource. The UE is able to perfectly synchronize to the actual carrier frequency of the TP that transmits the PDSCH for frequency errors below 100 Hz between the serving cell’s CRS and the CSI-RS/PDSCH. For CSI-RS periodicities of 10 ms or 20 ms, the maximum frequency errors between the TPs would be on the order of 50 Hz and 25 Hz, respectively.
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Figure 3. Method 3 (combination of serving cell’s CRS and CSI-RS) in any CoMP scenario
In a CoMP deployment with fiber backhaul, the frequency error across TPs can be controlled to a much lower level than 100 Hz. Thus obtaining initial frequency synchronization from the serving cell’s CRS and then correcting for the frequency error between TPs from the signaled CSI-RS should be sufficient for CoMP deployments with a fiber backhaul, and it would result in virtually no residual frequency error. Therefore, method 3 can guarantee the UE’s frequency synchronization accuracy for Rel-11 CoMP.

Observation 1: A UE using both the CRS of its serving cell and one CSI-RS resource for frequency synchronization is able to handle any frequency error lower than 100 Hz between the received PDSCH and the CRS received from its serving cell, the CSI-RS resource being the one indicated in DCI format 2D and CSI-RS being transmitted with 5 ms period.
As discussed in numerous occasions, the potential signaling of a QCL assumption between CRS and CSI-RS cannot be exploited in scenario 4, where the UE could only exploit the QCL assumption between CSI-RS and DMRS. Even in scenarios 1/2/3, CRS cannot provide a perfectly accurate QCL assumption with DMRS in case of a joint transmission. On the other hand, a virtualized CSI-RS resource does provide adequate QCL assumption for power-delay-profile, time synchronization, and frequency synchronization with method 3. Therefore, the signaling of QCL proposed in [2] would not help UEs operating in scenario 4 and UEs operating with coherent joint transmission with a virtualized CSI-RS resource. The UE being unaware of the type of scenario chosen for the network deployment, it will be unable to predict whether signaling of a QCL between CRS and CSI-RS would be provided by the eNB. The UE will have to make sure it meets performance requirements if the signaling is not present; therefore it is unclear why additional complexity would be spent to exploit the signaling.
Observation 2: Signaling of a quasi co-location assumption between CRS and CSI-RS cannot help for frequency synchronization in scenario 4 and for joint transmission.
3 Conclusions

This contribution discusses the accuracy of frequency offset tracking for demodulating a CoMP PDSCH. Several methods were compared and it was observed that CSI-RS with 5 ms period can only be used to track frequency errors up to 99 Hz including Doppler shift, while CRS can track larger frequency errors. Considering impacts on network and UE implementation, it is proposed to define requirements that allow a UE implementation with a single synchronization reference for PDCCH, EPDCCH sets and PDSCH, where this synchronization reference is the CRS of the UE’s serving cell.
Observation 1: A UE using both the CRS of its serving cell and one CSI-RS resource for frequency synchronization is able to handle any frequency error lower than 100 Hz between the received PDSCH and the CRS received from its serving cell, the CSI-RS resource being the one indicated in DCI format 2D and CSI-RS being transmitted with 5 ms period.
Observation 2: Signaling of a quasi co-location assumption between CRS and CSI-RS cannot help for frequency synchronization in scenario 4 and for joint transmission.
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