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1. Introduction
The Phase 1 and 2 evaluations for CoMP had been finished at RAN1#66 meeting. The performance benefits provided by CoMP had been widely recognized in TDD [1]. Considering specification impact, the main difference between FDD and TDD modes in CoMP is that TDD can make use of channel reciprocity for more accurate CSI, although for sure, CSI feedback design in FDD is also applicable for TDD. Besides accurate CSI, other mechanism, such as CoMP sets decision, may also benefit from UL sounding transmission. Reduced feedback overhead, less UE complexity and specification efforts make CoMP in TDD attractive. In this contribution, we share our views on standardization work of CoMP in TDD.
2. Considerations on CoMP in TDD
In TR36.819, three main categories of channel state/statistical information (CSI) feedback mechanisms are identified for CoMP: explicit/implicit/SRS.
Although channel correlation in the time and/or frequency domain can be considered to reduce the overhead of explicit feedback, the feedback overhead is still large compared with implicit and SRS feedback mechanisms. The overhead of the implicit feedback is lower compared with explicit feedback due to the limited size of the codebooks. However, the PMI feedback overhead increases linearly with the number of feedback points of UE if PMI needs to be feedback for each point. In TDD systems, coordination points can also get instantaneous downlink channel state information via SRS channel estimation thanks to uplink and downlink channel reciprocity. Only CQI information and/or inter-point information is needed via UL feedback, and the overhead is low.
Observation 1: 

· The CoMP feedback overhead is low in TDD if channel reciprocity is utilized to get CSI.

As generally accepted, CoMP is very sensitive to the error of the channel state information. The quantization error of the feedback is inevitable for both implicit and explicit feedback mechanisms. Moreover, the transmission of the feedback information is not ideal as generally assumed through the air interface. CSI feedback error needs to be taken into account when considering implicit or explicit feedback as discussed in evaluation phases. In contrast, the SRS mechanism for TDD system does not need any quantization. The quantization precision only depends on the processing and physical memory storage accuracy at network side. Furthermore, the standardization and optimization of TDD CoMP can be discussed without regard to feedback error, since the estimated CSI is not transmitted through the air interface.
The feedback granularity of the implicit and explicit feedback is configured in the frequency domain as wideband or a subband which generally consists of several physical resource blocks. When the granularity is large to reduce the feedback overhead, the performance of CoMP may be impaired because of the channel frequency selectivity. If CSI is estimated via channel reciprocity in TDD, feedback granularity is not required to be considered. Additionally, delays of explicit and implicit feedback further increase CSI error. The total delay between UE receiving downlink reference signals and network receiving CSI feedback information includes processing delay of CSI estimation and delay due to feedback timing. Regarding channel reciprocity, there is only processing delay of CSI estimation in total delay between transmission point receiving reference signal and network obtaining CSI information. Less delay leads to less CSI error.
Observation 2: 
· Accuracy of channel state information obtained via channel reciprocity is higher.
Besides lower feedback overhead, the utilization of channel reciprocity in TDD does not need much standardization effort for design of new CSI feedback schemes. However enhancement of SRS schemes for orthogonality and capacity increase and CQI feedback(s) need to be considered [2][3]. With CoMP WID [x], it is also agreed to have the following considerations:

· UE feedback scheme and related measurements

· individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded. 

· potential enhancement of SRS for CSI measurement at eNodeB exploiting channel reciprocity 

· all schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.
To obtain CoMP UE CSI in Scenario 1-3, SRS from multiple UEs in both serving cell and coordinating cells will be sounded. The SRS estimation for one UE will significantly degrade due to the interference considering the power of coordinating cell UEs is usually higher than the CoMP UE. Cooperative SRS scheduling among serving cell and coordinated cell can be performed to reduce the interference by scheduling colliding SRS into different resources. Additionally, since SRS base sequence is generated according to the cell ID, SRS of UEs with different cell IDs cannot be differentiated via cyclic shift. If no enhancement is introduced for base sequence, the SRS orthogonality among UEs in different cells can only be obtained via assigning different time and frequency resources. This may introduce significant requirement to SRS overhead compared with non-CoMP system. In Scenario 4, more UE will be scheduled for macro and multiple RRHs in a cell. With the same motivation as e-PDCCH, the enhancement in SRS capacity should also be considered. Although the interference among SRS from Macro UEs and RRH UEs in Scenario 3 can be avoided in scenario 4, more resources should be allocated for SRS to keep the orthogonality among these UEs.
Though in TDD CoMP, downlink CSI could be estimated via SRS, downlink CQI is still needed since interference is not reciprocal between uplink and downlink. Downlink CQI can provide information about interference level in downlink. Uplink CSI of points in measurement set may be estimated at different subframes, e.g., a point suffering a sudden interference and failing to estimate CSI has to use a previous estimation instead. The SRS transmission power of UE may change between subframes due to power control, and the exact transmission power is unknown at the network side. This results in presence of relative amplitude mismatch among downlink CSI of points in measurement set, which has severe impact on various CoMP schemes in transmission point selection, precoding calculation and link adaptation. If UE reports CQI for each point in the measurement set, the relative amplitude mismatch problem could be resolved since the CQI could also reflect the downlink relative amplitude of each point. Additionally, in channel reciprocity based CoMP, UE could not assume any CoMP scheme for CQI calculation, since such assumption has no connection with the actual CoMP schemes at network side. In Rel-10, transmission modes 7/8/9 support TxD based CQI, which can be reused in CoMP. However, TxD scheme is defined based on CRS, which may not be proper for CoMP. From this perspective, CQI also needs to be enhanced for non-PMI mode.
Observation 3: 

· Standardization effort for CoMP utilizing channel reciprocity is minimal compared with others depending on explicit/implicit feedback, but enhancement on SRS and CQI is still essential to pursue CoMP performance.

3. Conclusion

In this contribution, we share our considerations and observations on TDD CoMP:
Observation 1: The CoMP feedback overhead is low in TDD if channel reciprocity is utilized.
Observation 2: Accuracy of channel state information obtained via channel reciprocity is higher.
Observation 3: Standardization effort for CoMP utilizing channel reciprocity is minimal compared with others depending on explicit/implicit feedback, but enhancement on SRS and CQI is still essential to pursue CoMP performance.
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