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Discussion
1
Introduction
The demodulation performance of an UE receiver may be degraded by impairment such as the timing offset and frequency offset. The offset estimation and the corresponding compensation for the impairment are crucial to maintain the performance. 
In CoMP, RAN1 has defined co-location assumption between CSI-RS ports and CRS ports of a cell w.r.t. {Doppler shift, Doppler spread} for behavior B, which means, using CRS should be the baseline for carrier frequency offset or CFO estimation (CFOE) in both same cell-ID and different cell-ID deployment scenarios.  
The CRS CFOE may not work properly when two transmission points (TPs), configured with the same cell ID, have a large frequency error. A few questions we need to ask are:
Does UE need to be concerned about frequency error among TPs in same cell ID deployment? What is the expected error in reality?
If the UE does not need to be concerned with the error, since it is an eNB implementation issue and we already agreed that there is no additional BS requirement for CoMP, it is sufficient for the UE to use the QCL CRS for CFOE and there is no need of testing the use of DMRS. If the UE needs to do something additional, such as DMRS processing, does the UE need to detect from RRC configuration that it is in same cell ID deployment? 
As to DMRS based CFOE, on one hand, according to the principle “Estimate the parameters on what you try to demodulate instead of from something else whenever possible” in [1], using DM-RS for CFOE may be feasible. On the other hand, the DM-RS may be sparse in both frequency and time direction, so that the DM-RS CFOE may not be reliable. 
To evaluate if DM-RS CFOE is necessary, there are several questions we need to answer from simulation first: 
1, What is the degradation of CRS CFOE in same cell ID scenario?
2, What is the degradation of DM-RS CFOE in same cell ID scenario, with sparse PDSCH allocation?
3, Will the DM-RS CFOE performance with sparse PDSCH allocation become worse than that by CRS CFOE in different cell ID scenario?
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Simulation setup and results
Let TP1 be the serving cell where the control and data channels are typically sent, but the PDSCH comes from TP2, in behavior B scenario. TP1 and TP2 have same cell ID. To test the impact of sparsely scheduled DMRS on the quality of CFOE, 3 PRBs are allocated in each subframe to simulate the sparsity in frequency direction. However, the DMRS based estimation and compensation is considered to perform every subframe (period = 1), once in every 10 subframes (period = 10), and once in every 20 subframes (period = 20), in order to simulate the sparsity of PDSCH in time direction. For example, at period = 10, on the 3 PRBs in subframe 0, 10, 20, etc, UE performs CFO estimation and compensates it in next subframe, namely 1, 11, 21, etc. In doing so, the maximum throughput is fixed, and we can observe the degradation when the estimation and compensation period increases.
 The below are simulation settings. 
· FDD, 10MHz bandwidth, allocate 50 PRBs and 3 PRBs, respectively,
· 2X2 low correlation MIMO channel,
· Throughput statistics by 5000 subframes,
· TM10, one codeword and one layer,
· One NZP CSI-RS port with resource configuration = 4, and subframe configuration = 1, from TP2,
· ZP CSI-RS resource bitmap = 0x0100, and subframe configuration = 1, from TP2,
· MCS24 for 64QAM, and MCS13 for 16QAM,
· For 50 PRBs allocation, the PDSCH RE number is, for subframe 0 = 5280, for subframe 1 and 6 = 5700, for subframe 2, 3, 4, 7, 8 and 9 are 6000, and for subframe 5 it carries no PDSCH,
· For 3 PRBs allocation, the PDSCH RE number is, for subframe 0, 2, 3, 4, 7, 8, 9 = 360, for subframe 1 and 6 = 342, and for subframe 5 it carries no PDSCH,
· For 16QAM and 50 PRBs allocation, the TB size with CRC is, for subframe 0 = 9936, and for other subframes = 11472,
· For 16QAM and 3 PRBs allocation, the TB size with CRC is, 704 for all subframes,
· For 64QAM and 50 PRBs allocation, the TB size with CRC is, for subframe 0 = 23712, and for other subframes =27400,
· For 64QAM and 3 PRBs allocation, the TB size with CRC is, 1632 for all subframes,
· TP1 has CFO = 100Hz and TP2 has CFO = -100Hz,
· Timing offset between TP1 and TP2 is 2us,
· TP1 still transmits data to another user (i.e., DPS), and fix the TP1 power = 10dB larger than Noc, or SNR = 10dB,
· Fix TP2 CRS power = 10dB larger than Noc, which means TP1 CRS and TP2 CRS have equal power,
· TP2 PDSCH will see white noise and the interference from TP1 transmitting to another user (fixed power),
· Adjust TP2 PDSCH power (relative to Noc ), and draw the throughput curves,
The scenario envisioned is that the UE is located between two TPs and receiving equal CRS power, but PDSCH is from TP2 whose SINR varies depending on the power boosting of TP2 (and/or de-boosting of TP1 transmit power on those PRBs). 
Since the CRS power from TP1 and TP2 are equal, the UE will see the CFO around 0Hz from CRS. Then, there are still 100Hz to compensate for when demodulating PDSCH from TP2. The 2us timing offset is estimated by CSI-RS and the phase compensation is performed after FFT. 
Fig. 1 shows the throughput for 16QAM and 50 PRBs case, and it is to test the sparsity of DM-RS estimation in time direction. The pink line is the result of applying CRS CFOE (which is around 0Hz in this case) and the compensation is performed before FFT. The DM-RS CFOE compensates after FFT and different period is evaluated to see the influence of sparsity in time direction. The performance without timing and frequency offset and without applying estimation and compensation is expressed in purple line. It is seen that, there are about 2dB improvement when DM-RS CFOE is applied for recovering the 100Hz residual offset, and the performance is quite close to the purple line (i.e., no offset).
Fig. 2 shows the throughput for 16QAM and 3 PRBs case, and it is to test the sparsity of DM-RS estimation in both time and frequency direction. It is seen that, even the PDSCH is sent in one subframe with 3 allocated PRBs per 20 subframes, the performance is still maintained.
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Fig. 1, Throughput curves for 16QAM, 50 PRBs setting
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Fig. 2, Throughput curves for 16QAM, 3 PRBs setting

In Fig. 3 and Fig. 4, the 64QAM with 50 PRBs and 3 PRBs are tested respectively. From both figures, the CRS only CFOE (pink line) has shown a performance floor. The 100Hz residual frequency offset can degrade 64QAM performance significantly. The DM-RS CFOE with longer period for estimation and compensation, as seen in green and blue lines, may also have non-negligible degradation from the red line. It is because that, the throughput statistics includes the CFO tracking period before it converges. The convergence takes time, especially for longer period of estimation and compensation. But it will converge eventually. Once it converges, the performance is expected to be close to those under no offset. 
The scenario for Fig. 5 and Fig. 6 is that two TPs have different cell ID but same CRS location (i.e., colliding CRS). The CRS or DM-RS from TP2 is used to perform CFO estimation and the compensation of the phase rotation after FFT. Both reference signals are able to provide reliable estimation quality.
We have seen the performance degradation of CRS-based CFOE in same cell ID scenario. Unfortunately, the issue can’t be avoided even if such test case is not defined. If the UE does not need to be concerned with the CFO between TPs since it is an eNB implementation issue and we already agreed that there is no additional BS requirement for CoMP, it is sufficient then for the UE to use the CRS for CFOE and it also means that it is the network responsibility to ensure the CFO among TPs are small enough to be ignored. If the UE needs to do additional DMRS processing, the appropriate UE behavior should be that, both CRS and DM-RS CFOE modules have to be developed. If DM-RS CFOE is treated as a necessary implementation to protect the UE performance, it is meaningful to design the test case for it. Since this is only an issue in same cell-ID deployment, we also need to discuss whether the UE needs to detect from RRC configuration that it is in same cell ID deployment. 
For different cell ID scenario, the CRS CFOE may perform slightly better than DM-RS CFOE if the allocation is sparse. We leave it as the UE implementation issue on how to handle the joint estimation and compensation problem from two different reference signals.
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Fig. 3, Throughput curves for 64QAM, 50 PRBs setting. For green and blue lines, the throughput statistics includes the CFO tracking period before it converges.
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Fig. 4, Throughput curves for 64QAM, 3 PRBs setting. For green and blue lines, the throughput statistics includes the CFO tracking period before it converges.
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Fig. 5, Throughput curves for 16QAM, 3 PRBs in different cell ID but same CRS location setting
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Fig. 6, Throughput curves for 64QAM, 3 PRBs in different cell ID but same CRS location setting

Simulation results for changing CRS power from TP2
Another scenario for same cell-ID deployment is that the UE moving closer to TP2, in which case the CRS power from TP2 increases with PDSCH. Some simulation settings are modified to test this scenario, as indicated below, 
· TP1 is muting (DPB) and transmits CRS. Fix the TP1 power = 10dB larger than Noc, or SNR = 10dB,
· TP2 CRS and PDSCH power level are the same, and CRS power is not fixed, 
· TP2 PDSCH will see white noise only,
· Adjust TP2 power (relative to Noc ), and draw the throughput curves,
It is expected that, as TP2 CRS power gets larger (moving toward TP2), the CRS CFOE in UE may estimate the frequency offset closer to that from TP2, and the performance floor will not occur, as shown in pink line of Fig. 7. However, there is still a performance gap because the CFOE from the super-positioned CRS signal is still not good enough to compensate for the CFO of TP1. Hence, the DM-RS CFOE can still protect UE from being bothered by the residual frequency offset left by CRS CFOE.
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Fig. 7, Throughput curves for 64QAM, 3 PRBs setting. The CRS power increases with the PDSCH’s and the biased estimation from CRS is reduced
3
Summary

Our conclusions through the study are as follows.

Observation 1: The sparsity of DM-RS for CFO estimation and compensation is evaluated in same cell ID scenario. The performance improvement over that of using CRS is easily noticeable. 
Observation 2: The DM-RS CFOE may be considered as a way to protect UE performance in case of large CFO among TPs in same cell ID.
Proposal 1: It is useful to design same cell ID test case to make sure UE uses DM-RS for CFOE, especially if in practice the CFO among TPs is not negligible in terms of UE throughput degradation.
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