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Discussion and decision 
1 Introduction
One of the unresolved issues for CoMP is the issue of FFT timing adjustment for CoMP. It was agreed that this issue should be discussed under the topic of quasi co-location of antenna ports. In this contribution, we present our views on this issue.
2 FFT timing for CoMP
As mentioned in our previous contribution [2], when DL CoMP transmission is configured for a UE, the downlink timing arrival from different TP can be different due to the unequal distances from the UE to the TPs as illustrated in Figure 1 for a CoMP scenario 3. If UE 3 is a macro UE, the UE FFT timing may be synchronized with the macro cell’s PSS/SSS/CRS. Since the macro cell is actually further away, the FFT timing is not optimal for receiving the signals from the pico cell when operating in CoMP mode. Unfortunately, no post-FFT timing can fix this problem (see left hand side of Figure 2). As mentioned in several contributions, e.g. [3], the resultant phase ramp in frequency caused by the timing error can severely impact the demodulation performance of CoMP. Thus, the correct UE behaviour is to adjust its FFT timing to be in-sync with the pico’s signals and perform post-FFT timing when receiving signals from the macro cell as illustrated in the right hand side of Figure 2.
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Figure 1: Problem scenario – UE3 is a macro UE receiving signals from the macro and the pico in CoMP DPS
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(a) Timing error for the pico if UE is in-sync with the macro (serving)  
(b)Timing error for the macro  (serving) if UE is in-sync with the pico  

Figure 2: Timing error cases
There is a simple solution to this issue. As the CoMP measurement set determines the set of TPs that the UE may be receiving the DL signals from, the CSI-RS resources within the CoMP measurement set can be used by the UE to adjust its FFT timing.  In particular, the UE may set its FFT timing to be the first detected path (in time) of all CSI-RS resources within the CoMP measurement set. For example, assume TP#1, TP#2 and TP#3 are configured for CoMP measurement set. If the earliest detected signal path is determined by the UE to be from TP#3, the UE adjusts its FFT timing to be in sync with the CSI-RS of TP#3 when receiving DL signals from TP#1, TP#2 or TP#3. 
Note that it has already been agreed that the ports between CSI-RS resources cannot be assumed quasi co-located, which implies that the UE anyway has to determine the individual timings of the CSI-RS resources. If the specification states that the UE may assume the FFT timing follows the serving cell, it would not be impossible for the UE to determine the correct received timing of the pico. 
It was mentioned in the last meeting that UE implementation can apply autonomous adjustment for this issue. However, since RAN4 performance requirement has to be specified assuming the UE is able to apply the correct FFT timing and the subsequent post-FFT timing adjustment, it is already implied that the UE FFT timing must follow that of the closest TP.  
Another option mentioned in the last meeting is to mandate the network to delay pico transmission such that the FFT timing according to the serving cell can still be applied. While this may work for a macro-pico deployment scenario, it is unclear if this method can be effective in all CoMP scenarios. For example consider a homogenous network. Due to shadowing, UE may not always be served by cell that is closest to it. Setting FFT timing according to the serving cell that is further away in a homogeneous network can still cause similar problem. Since it is the UE that has the best knowledge of its observed DL timing, adjustment of FFT timing should be left to the UE.
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(a) UE served by the closest cell (cell 1)

(b) UE served by the further cell (cell 2) due to shadowing
Figure 3: FFT timing error in a homogenous network
Proposal: If CoMP measurement set is configured, the UE sets its FFT timing to be the earliest detected path of all CSI-RS resources in the CoMP measurement set. 
3 Conclusions
It is the UE that has the best knowledge of its observed DL timing when operating in CoMP, hence adjustment of FFT timing should be left to the UE. Our proposal is as follows:
Proposal: If CoMP measurement set is configured, the UE sets its FFT timing to be the earliest detected path of all CSI-RS resources in the CoMP measurement set.  
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