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1 Introduction

Following the RAN1#63bis meeting, some agreements on CoMP simulation assumptions were made [1]. However, there are still some open issues that need more dedicated investigations in Phase 2.
In this contribution, we discuss some remaining issues including impact on legacy UEs, impairments on synchronization, UE receiver algorithms and feedback schemes. Modeling of high latency constraints is discussed in [2].
2 Refinements to Phase 2 simulation assumptions
2.1 Impact on legacy UEs
In the current UL CoMP framework, there is no restriction on UE type (i.e. legacy or Rel-11 UE), since all eNBs in the cooperating set can obtain CSI from the candidate UE for potential CoMP operation. In other words, UL CoMP can be completely transparent to legacy UEs. Similar opinion was shared in [3], where it was believed that the applicability of UL CoMP to legacy UEs is desirable.

For DL CoMP, legacy UEs are unable to report CSI measured in the non-serving cells (i.e. inter-cell CSI) in the cooperating set. The inter-cell CSI reporting, however, is strictly required for JP-based CoMP techniques, and may also be needed for CS/CB-based CoMP schemes which employ beamforming. Such a limitation restricts the application of DL CoMP on legacy UEs. However, some advanced techniques like antenna array beamforming are capable of benefiting legacy UEs by coordinating the ICI in spatial domain, which can be considered as some kind of simple DL CoMP schemes.  For example, the cooperating eNBs may calculate the Direction of Arrival (DoA) of the UE with the aid of backhaul information exchange. Based on the DoA, the eNBs can apply CB techniques that minimize the ICI on the UE concerned. Thus, DL CoMP for legacy UEs should not be precluded in Rel-11.
Based on the abovementioned reasons, we propose that:

Proposal 1: It is desirable to apply UL CoMP to legacy UEs, while applying DL CoMP to legacy UEs should not be precluded.
2.2 Impairments from time/frequency synchronization

Frequency and time synchronization between eNBs in the coordinating set are required for CoMP. Impairment from frequency synchronization will result in mismatched frequency offsets and thus degrade the achievable performance. However, this defect may be effectively mitigated with the aid of frequency compensation techniques. According to [4], a frequency offset as high as 200Hz can be avoided by the proposed techniques therein. Therefore, we suggest the frequency synchronization impairment is not involved in simulation.
However, note that the impact from frequency synchronization impairment on CoMP UEs is similar to that on MBMS UEs, since the UEs in MBMS are also required to receive the signals from multiple eNBs. It is expected that the eNBs satisfying the accuracy requirements of [5] on maximum relative frequency difference should also be capable of fulfilling the frequency synchronization requirements in CoMP. Therefore, it may be unnecessary to specifically model frequency synchronization errors in CoMP simulations.
Proposal 2: Frequency synchronization impairments may be unnecessary in CoMP simulations.
The timing difference of signals received from various CoMP transmission points should be within a fraction of the CP length for OFDM modulation, which includes propagation delay and synchronization errors encountered at all transmission points [6]. A typical CoMP scenario is that the candidate UEs are located in the overlapped region of different cells where large propagation delays occur. In this case, the normal CP length may not be sufficient to cover the maximum delay from a relatively distant cell. Hence, extended CP may be needed for mitigating the impact from large delays in CoMP scenarios. However, the employment of extended CP may impact the experience and/or performance of legacy non-CoMP UEs. For instance, the throughput of legacy non-CoMP UEs in the cells where CoMP is enabled may be decreased, etc.
Proposal 3: The time synchronization impairment should be modeled as a function of the fraction of the CP length.
Proposal 4: Pros and cons of extended CP should be studied in Scenario 2 with large ISDs.
2.3 UE receiver algorithms

In [7], three types of UE receivers were agreed, namely MMSE Type 1, MMSE Type 2, and MMSE-IRC receivers. In general, the MMSE Type 1 receiver is considered as the baseline receiver, while the other two belong to advanced receivers. For the MMSE Type 1 receiver, it is assumed that the interferences from the co-scheduled layers and the non-serving cells in the cooperating set are non spatially-colored. However, this assumption is not valid for the advanced receivers that target higher performance gains. More specifically, for the MMSE Type 2 receiver, the covariance matrix of interference from the co-scheduled layers needs to be estimated. For MMSE-IRC receiver, on the other hand, the covariance matrices of the co-scheduled layers and the non-serving cells in the cooperating set should be estimated.
Hence, the estimation of channel covariance and interference covariance has significant impact on the performance of advanced MMSE receivers. The accuracy of the covariance estimation depends heavily on the frequency granularity, for example the number of PRBs. Clearly, there exists a tradeoff between performance and frequency granularity, which should be investigated.
Proposal 5: For the UE receiver assumptions, spatially-colored interference estimation and the impact from frequency granularity  should be studied.

2.4 Feedback schemes

CoMP is very sensitive to selected practical constraints, such as CSI and feedback impairments [8][9]. In [10], some popular proposals for UE feedback schemes designed for CoMP are reviewed. Obviously, the selection of feedback schemes constitutes a key simulation assumption that needs to be decided earlier than later.
Rel-10 CSI reporting functions are based on implicit feedback and provide a good scalability. For the sake of minimizing the specification impact, it is preferable to consider the implicit feedback as the baseline mechanism in CoMP. Thus, it was agreed that implicit feedback should be used as the baseline feedback mechanism [1]. Moreover, in order to evaluate the CoMP performance, the assumptions such as feedback and precoding algorithms should be further studied. Especially, the details of PMI for implicit feedback constitute an important study point for investigating the performance-overhead tradeoff. On the other hand, a low granularity of codebook will reduce the performance [10]. In order to fully explore potential gain of CoMP, codebook with higher granularity should be considered in addition to the Rel-10 feedback schemes.
Our suggestions are as follows:

Proposal 6: Feedback schemes including codebook granularity, PMI details, and precoding algorithms should be clarified in the simulation assumptions for maximizing the consistency of performance comparisons.
Proposal 7: Codebook and non-codebook based precoder schemes should be clarified in the simulation assumptions.
Proposal 8: Codebooks with high granularity should be considered for full evaluation of CoMP performance gains.
3 Conclusion

From the discussions above, we conclude our recommendations as follows:
Proposal 1: It is desirable to apply UL CoMP to legacy UEs, while applying DL CoMP to legacy UEs should not be precluded.

Proposal 2: Frequency synchronization impairments may be unnecessary in CoMP simulations.
Proposal 3: The time synchronization impairment should be modeled as a function of the fraction of the CP length.
Proposal 4: Pros and cons of extended CP should be studied in Scenario 2 with large ISDs.
Proposal 5: For the UE receiver assumptions, spatially-colored interference estimation and the impact from frequency granularity  should be studied.

Proposal 6: Feedback schemes including codebook granularity, PMI details, and precoding algorithms should be clarified in the simulation assumptions for maximizing the consistency of performance comparisons.

Proposal 7: Codebook and non-codebook based precoder schemes should be clarified in the simulation assumptions.
Proposal 8: Codebooks with high granularity should be considered for full evaluation of CoMP performance gains.
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