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1. Introduction
CSI feedback schemes for CoMP have been intensively studied in recent RAN1 meetings. The followings are the working assumption from RAN1#66bis meeting:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB.
· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:
· feedback aggregated across multiple CSI-RS resources 
· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback
· per-CSI-RS-resource feedback
· per cell Rel-8 CRS-based feedback
Also an agreement from RAN1#67 meeting is

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
In this contribution, we discuss the benefits from inter-CSI-RS-resource feedback when it is accompanied with per-CSI-RS-resource feedback. Some implementation issues such as frequency synchronization issues are also considered.
2. Common framework for various CoMP schemes
During the study item of CoMP, we have only started to touch upon few of the useful deployment scenarios for CoMP, and we may find even more complex deployment scenarios and various cell configurations in which CoMP will be beneficial. From this perspective, the scalability of the CoMP feedback mechanism should be the first consideration when adopting a CoMP feedback scheme for LTE Advanced. As an initial step for this, it is needed to introduce a common CSI feedback framework scalable to various CoMP schemes, which enables dynamic switching among various CoMP schemes at network side while feedback overhead is kept low. Specifically, an UE calculates and reports common CSI feedback information, i.e., per-CSI-RS-based PMI and CQI feedback, not assuming any specific CoMP scheme such as DPS, CS/CB, and JT. The network can determine the best CoMP scheme optimized for the current network status by manipulating the CSI information. This led to an agreement in RAN1#67 that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. Also, different types of additional feedback information are under consideration.
3. Benefits from inter-CSI-RS-resource feedback
Per CSI-RS-resource PMI and CQI feedback enables dynamic switching between different CoMP schemes due to its scalability. The network can accurately compute the expected CSI for each CoMP schemes such as DPS and CS/CB [1]. As for JT, per CSI-RS-resource PMI and CQI feedback provides the information for JT, but not sufficient. An additional phase corrector feedback as an inter-CSI-RS-resource feedback is required for coherent JT. In [2], we have verified that the inter-CSI-RS phase information provides notable CoMP gain supporting coherent JT. Especially for MU-JT, we can observe that only 2 bits phase information offers more than 30% improvement for edge UEs. This phase corrector information may need to be reported even when PMI is obtained by SRS because SRS reception in a CoMP cluster may not provide accurate phase information among multiple CoMP points due to the difference in the propagation delay, clock drift, etc.
Proposal 1: Additional phase information should be considered as an inter-CSI-RS-resource feedback, which could maximize the CoMP gain for coherent JT. 2 or 3 bits phase information per-CSI-RS-resource seems sufficient.
As another type of inter-CSI-RS-resource feedback, an aggregated CQI feedback has been proposed under the assumption that signals from multiple TPs joining JT will be non-coherently combined at the UE. The aggregated CQI can accurately indicate the CQI in the case of non-coherent JT. This type of additional feedback also contributes to CoMP gain in terms of non-coherent JT. However, the CoMP gain from JT cannot be fully exploited since multiple signals transmitted from cooperating points do not always combine constructively. Particularly if the number of UEs is small or data traffic is not heavy, non-coherent JT gain would diminish even with aggregated CQI. This is because there would be less chance for the scheduler to find UEs who combine multiple signals constructively. Considering the tradeoff between overhead from additional inter-CSI-RS-resource feedback and performance improvement from CoMP gain, it is not likely to introduce both types of inter-CSI-RS-resource feedback at the early stage of CoMP deployment. Then, it would be a smart decision to choose phase information feedback as an additional inter-CSI-RS-resource feedback rather than aggregated CQI feedback.
Proposal 2: Additional aggregated CQI feedback assuming non-coherent JT doesn’t seem to be a cost-efficient solution since it cannot fully exploit CoMP gain from JT.

4. Synchronization between inter-transmit points
A UE is supposed to receive signals from multiple TPs when JT is determined by the network. In this case, time misalignments and carrier frequency errors received at a UE could be different depending on TPs. According to TS36.104 where minimum RF characteristics and minimum performance requirements for eNBs are described, time misalignment between transmitter branches shall not exceed 65ns to exploit Tx diversity and spatial multiplexing. It would be natural that we consider the requirements as a baseline for CoMP operations. At least in CoMP scenario 4, this requirement should also be applied. This is because all the TPs in a cell participate in the CRS transmission in CoMP scenario 4 and all the CRS-transmitting TPs are subject to this requirement for the legacy UE operation. From this understanding, reporting inter-CSI-RS-resource information should be valid at least in CoMP scenario 4 where time alignment requirement (65ns) is kept in a cell regardless of geographical distributions of antennas.
Proposal 3: Strict time misalignment requirement should be defined for CoMP operations. At least in CoMP scenario 4, time misalignment shall not exceed the current RAN4 requirement (65ns) for legacy UE operation. 
On the other hand, frequency offsets are another implementation issue for CoMP operations. Each BS may have different frequency error which is defined as a measure of the difference between the actual BS transmit frequency and the assigned frequency. The requirement for carrier frequency errors is that the carrier frequency of the BS shall be accurate within ±0.05 ppm. For 2GHz carrier frequency, a frequency error could be up to ±100Hz, which in turn make the frequency offsets between any two TPs up to 200Hz in the worst case. Frequency offsets between CoMP TPs depend on the network deployment. When TPs are deployed sharing the same oscillator, there should be no frequency offset resulting performance degradation for CoMP JT. When TPs are deployed using individual oscillator, frequency offsets can be observed. The frequency offset appears in form of Doppler shift at the UE side, which makes multiple signals from different TPs not combined constructively at a UE even with phase information feedback. Some simulation results have shown that benefits from CoMP JT with phase information feedback diminishes with increasing frequency offsets between TPs participating JT [3,4]. The simulation results have shown that the performance degradation is kept minimal within the frequency offset of 20Hz. 
From that perspective, it would be natural to configure phase information feedback for CoMP JT only when the network are deployed with small frequency offsets between TPs. One possible alternative is that frequency offsets between TPs are measured and this information is shared through the network. If the information is conveyed accurately, the network may use this information to compensate the impact of frequency offset which will appear in the form of Doppler shift. Even though the frequency offset information is not conveyed accurately, this type of information is still useful at least in determining CoMP measurement sets or CoMP reporting sets.
Proposal 4: The impact of frequency offsets depend on network deployment, which is implementation-specific. Phase information feedback should be configurable.
5. Conclusions
In summary, we study various aspects of CoMP feedback and propose the following:
Proposal 1: Additional phase information should be considered as an inter-CSI-RS-resource feedback, which could maximize the CoMP gain for coherent JT. 2 or 3 bits phase information per-CSI-RS-resource seems sufficient.
Proposal 2: Additional aggregated CQI feedback assuming non-coherent JT doesn’t seem to be a cost-efficient solution since it cannot fully exploit CoMP gain from JT.
Proposal 3: Strict time misalignment requirement should be defined for CoMP operations. At least in CoMP scenario 4, time misalignment shall not exceed the current RAN4 requirement (65ns) for legacy UE operation.

Proposal 4: The impact of frequency offsets depend on network deployment, which is implementation-specific. Phase information feedback should be configurable.
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