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1
Introduction
In this paper we discuss time misalignment issues that could impact MIMO and CoMP operation.  Specifically, two distinct scenarios arise, namely (1) time offset between MIMO antennas of the same transmission point and (2) time offset between geographically separated transmission points that are engaged in coherent joint transmission (JT).  In addition to discussing the issue, this contribution proposes that UEs measure and report time offsets so that they can be mitigated by the network. 

In companion papers we discuss general CSI feedback considerations related to CoMP and MIMO [1] and address rank reporting issues [2].  Aspects related to CoMP, such as downlink reference signals and control signaling, as well as high-level views on CoMP schemes are addressed in [3, 4, 5].  

2
Time misalignment in CoMP and MIMO

Time misalignment in CoMP and MIMO is important to address as it has the potential to significantly degrade performance.  In MIMO, a time offset between antennas, as illustrated in Figure 1(a), may negatively affect MIMO performance as CSI feedback reporting and precoding codebooks are optimized for the case in which such a time offset does not exist.  In the scope of Rel-10 it was proposed that this error should be taken into account [6] and we propose that future studies continue to do so. 
A new source of time misalignment arises in coherent JT when multiple points are transmitting coherently to a single UE.  In this scenario the time offset between the transmission points will have a detrimental impact on the performance regardless of whether aggregate or per-point feedback with inter-point phase information is considered.  For the former case, the time offset would lead to challenges in the codebook design.  For the latter case, the phase ramp that is associated with the time offset between the transmission points would likely necessitate a much finer feedback granularity for this inter-phase feedback. 

Based on the above observations, it seems prudent to appropriately model time offset in CoMP evaluations, especially in the case of coherent JT where the time offset may potentially be larger due to the geographical separation of transmission points.  
Observation: 
· Time offset between transmission points and/or MIMO antennas may have detrimental impact on performance and should therefore be appropriately modeled in CoMP and MIMO evaluations.
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	(a) Time misalignment between MIMO antennas
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Figure 1: Time misalignment in CoMP and MIMO.

3
Time offset reporting

In principle, calibration of the time offset between MIMO antennas and/or transmission point is possible, though associated with non-negligible cost.  This issue will likely be exacerbated for the JT case in which transmission points are geographically separated. 
Note that time offsets occur also without any miscalibration due to propagation delay differences. This effect will be the dominant factor with large cell sizes. With small cell sizes, the time misalignment may be dominated by calibration errors.

A way of alleviating the impact of time offset is to enable UEs to measure and report time offset as part of the CSI feedback reporting.  In TM9, where UE-specific reference signals are used both for CSI reporting and for demodulation, this enables the eNB to appropriately offset its transmissions on a UE-specific basis.  Time offset can thus be compensated for, at least partially. 
Time offset may be measured by the UE based on existing reference signals such as CRS or CSI-RS.  The measured values may then be reported as part of periodic or aperiodic CSI reports after proper quantization.  Further study is needed to determine the coarseness of this reporting, which also depends on what kind of compensation is targeted by the network.  For example, a simple eNB implementation may simply avoid selecting transmission schemes that are sensitive to time offset (such as coherent JT) whenever a UE reports a large value of time offset.  Alternately, an eNB implementation that attempts to offset the DM-RS for a specific UE based on its time offset report would likely benefit from a finer quantization. It is also eNB implementation dependent whether the eNB in this case would perform real time offset of the transmitted symbol or just perform phase rotation over frequency. The phase rotation alone will not help with the symbol boundary misalignment; however, the misalignment doesn’t cause degradation as long as there is sufficient CP margin.
It is important to note that as part of the CSI reporting, UEs should take into account whether or not the network will attempt to compensate for the time offset.  Clearly, if correction by the network is anticipated, the reported CQI can be chosen more aggressively.  Proper signaling of the selected network behavior should therefore be considered. 

Finally, it should be noted that time offset reports may also be beneficial in selecting CoMP sets (such as the coordinating or transmission set).  As described above, this will also impact the quantization granularity with which UEs report the time offset. 
Proposal: 
· Time offset reporting should be considered as a means for alleviating the impact of timing offsets.
4
Conclusions

In this paper we have discussed time misalignment issues that may impact MIMO and CoMP operation.  The observations and proposals are summarized as follows: 
· Time offset between transmission points and/or MIMO antennas may have detrimental impact on performance and should therefore be appropriately modeled in CoMP and MIMO evaluations.
· Time offset reporting should be considered as a means for alleviating the impact of the time offset.
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