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Discussion and Decision
1   Introduction
Based on latest TR [1], the following four application scenarios were agreed for the CoMP study item:
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high power remote radio heads (RRHs).
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage.
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception         points created by the RRHs have the same cell IDs as the macro cell.
To support above application scenarios, some standardization efforts are required. In this contribution, we aim to give some further discussions of the standardization impacts on CSI-RS configuration and CSI feedback. 
2   Further Discussion on Standardization Impacts
2.1  CSI-RS Configuration
 


According to the TR [1], the management of the CoMP measurement set may be based on the uplink refrence signals and/or DL RRM measurements (e.g., RSRP/RSRQ information), and the cooperating set can be determined based on the measurements in the measurement set. The corresponding measurement could be based on CRS and/or CSI-RS. As a result, CSI-RS is critical for determining the CoMP sets and CSI feedback after the cooperating set is determined. There are two possible CSI-RS configuration options for the support of CoMP operation [2]:

1. One CSI-RS configuration: only one CSI-RS configuration is given via RRC configuration message, and transmission points share the CSI-RS ports indicated in the configuration message. In Rel-10, the maximum number of CSI-RS ports is up to 8. So, the sum of the antennas of the considered transmission points should not exceed 8. Also, the CSI-RS configuration of each point (e.g., periodicity) is possible to be different, but this option should always create CSI-RS ports to accomendate all points even when some points do not transmit CSI-RS at some instances. Some performance degration might happen to PDSCH of the CoMP UE due to more severe rate-matching.
2. Multiple CSI-RS configurations: the non-zero CSI-RS configuration of each considered transmission point is given independently via RRC configuration message. So, multiple non-zero CSI-RS configurations are signaled to specify which REs are CSI-RS from the considered transmission points. This option might relax the limitation on the number of total antennas of the considered transmission points. Moreover, there is no need to configure a large number of CSI-RS ports for the serving point.
The standardization efforts are different for the above two options, depending on which CoMP scenario is considered. Based on [3], the CSI-RS configuration contains following two parameter sets: 
· csi-RS-r10 (which further includes antennaPortsCount-r10, resourceConfig-r10, subframeConfig-r10, and p-C-r10).
· zeroTxPowerCSI-RS-r10. 
For option 1, only one CSI-RS configuration is given, and hence some additional parameters are required to indicate the mapping relationshop between ports of the CRI-RS configuration and the points. Due to the nested CSI-RS structure, it is easy to assign different CSI-RS ports to different transmission ports. For example, for scenario 3 multiple new parameters (e.g., antennaPortsCount-r11, resourceConfig-r11, subframeConfig-r11, and p-C-r11) might be applied to indicate the partitions of the overall CSI-RS ports and the corresponding CSI-RS EPRE. It is noted that those additional information elements (IE) might require less bits based on the CSI-RS nested structure. For option 2, multiple CSI-RS configurations are independent from each other, and so multiple new csi-RS-r11 parameters are required to indicate each CSI-RS configuration. 
Regarding the CSI-RS sequence and CSI-RS EPRE, they should be obtained according to some cell-specific information: CSI-RS sequence is derived by cell ID, and CSI-RS EPRE is derived by referenceSignalPower, p-a, and p-b [3]. For scenario 4, all transmission points share the same cell ID and so the CSI-RS sequence and the power allocation information can be directly obtained. Combining with p-C of the CSI-RS configurations, the CSI-RS EPRE of each CSI-RS port also can be derived. However, for other scenarios, since the transmission points have differet cell IDs, more signaling overhead is needed to obtain those cell-specific information. For example, to obtain CSI-RS sequence of each transmission point, cell ID of each point (except the serving point) might be carried in its corresponding CSI-RS configuration. For CSI-RS EPRE, due to the UE-specific signaling of p-C, it might be possible to jointly use p-C of each transmission point and the power allocation information of the serving point (i.e., referenceSignalPower, p-a, and p-b) to derive the CSI-RS EPRE of each cooperating point. The details should be further studied.
Proposal #1: RAN1 should firstly evaluate options 1 and 2, and decide which one should be adopted. Based on the decision, the standardization impacts on how to assign CSI-RS ports for each transmission point and how to determine CSI-RS sequence and CSI-RS EPRE at the UE end should be studied.
2.2  CSI Feedback


According to the TR [1], the CSI feedback types are categoried into implicit feedback and explicit feedback. In Rel-10, the implicit CSI feedback is baseline and simply focuses on the single-point CSI feedback. Regarding explicit feedback, in the current spefications there is no any feedback scheme to support it. As a result, it is believed that implicit feedback is reasonable to be the baseline for CoMP CSI feedback and explicit feedback needs to be further studied. Also, it is also widely recognized that the individual per-cell feedback with or without complementary inter-point feedback is considered as baseline to support CoMP, and the aggregated CoMP feedback should be further studied. Below are some further discussions of standardization impacts on CSI feedback.
· Implicit CSI feedback: as decribed above, the per-point feedback would be the baseline, in which each transmission point is supposed to own an independent CSI feedback configuration. However, different levels of coordination might require different amount of feedback information. For example, joint processing (JP) might require one RI (which represents the condition of the composite channel), multiple PMIs and one CQI. This implies that it is not necessary to report CQI/RI/PMI of all points all the time. As a result, it is necessary to firstly identify the CSI reporting requirements of each CoMP scheme and consider a unified framework. Also, it is also worth evaluating the feasibility of complementary inter-point feedback, such as co-phasing factor [4]. The inter-point feedback creates another degrees-of-freedom to further improve performance and might be helpful especially for the case where some transmission points only have single antenna. Since there is no 1-TX codebook, without inter-point feedback it seems difficult to co-phase the signals from the single-antenna point under the per-point feedback framework. However, the inter-point feedback should define new feedback type and feedback timing. Moreover, it is recommendated to evaluate the feasibility of using PUCCH format 3 for the CoMP feedback. Since the capacity of PUCCH format 3 is larger, it is potential to convey aggregated CoMP feedback, such that the changes to the current PUCCH based feedback would be minimized.

· Relationship between CSI feedback and CSI-RS configuration: the selection of CSI-RS configuration (i.e., options 1 or 2) affects the CSI feedback schemes. For example, if option 1 (see section 2.1) is adopted, each antenna of the considered transmission points is mapped to a CSI-RS port of a CSI-RS configuration. So, an UE is possible to use one PMI to cover all antennas of those transmission points by using the existing codebooks, and so there is no need to report multiple PMIs and the inter-point co-phasing factors. Therefore, to acquire this benefit, the CSI-RS periodcity of all considered points should be the same to make sure all CSI-RS ports are occupied. However, if the number of the total antennas of the considered points is not 2, 4, and 8 (e.g., 3, 6, and 7), it should be further studied how to reuse the current codebooks. 
· Connection between CSI-RS and periodic CSI feedback confuration: as discussed in the previous section, each transmission point might have its own CSI-RS poirts for CoMP UEs to perform CSI measurement. If per-point feedback is agreed, each transmission point might have its own CSI feedback configuration, e.g., feedback periodicity of each point might be different. How to link the CSI-RS configuration of a point to its CSI feedback configuration would be an issue. This issue could be solved by re-using current signalling method For example, in CA operation, each Scell owns a message PhysicalConfigDedicatedSCell-r10 for its physical configuration. If a transmission point is modelled as a cell in CoMP operation, the same signalling method can be applied here. Also, the methods of Scell addition/release could be re-used for adding/removing a point into/from a cooperating set. However, this might be a RAN2 issue.

· Uplink Semi-persistent scheduling (SPS) based feedback: one possible selection for CoMP periodic CSI feedback is to exploit the uplink SPS transmission. Since the capacity constraint is relatively loose than PUCCH, it is possible to aggregate CSI of all points and report it via PUSCH. This feature also can facilitate explicit CSI feedback due to the relatively loose capacity limitation. Moreover, the current SPS scheme already can support this feature. As a result, if this method can be considered, the spec impact on CSI reporting could be minimized.
Proposal #2: CSI reporting requirements of each CoMP scheme should be identified, and a unified CSI feedback framework should be considered. Inter-point feedback, such as co-phasing factor, should be further evaluated. PUCCH format 3 could be evaluated to relax the capacity constraint of PUCCH based CSI feedback.
Proposal #3: The solutions from the CA area could be evaluated to deal with the addition/removal of a point to/from a cooperating/measurement set.
Proposal #4: SPS-based periodic CSI feedback should be evaluated.
3   Conclusion
In this contribution, we provide some views on CoMP standardization impacts. Based on the above discussions, we have the following proposals: 
Proposal #1: RAN1 should firstly evaluate options 1 and 2, and decide which one should be adopted. Based on the decision, the standardization impacts on how to assign CSI-RS ports for each transmission point and how to determine CSI-RS sequence and CSI-RS EPRE at the UE end should be studied.
Proposal #2: CSI reporting requirements of each CoMP scheme should be identified, and a unified CSI feedback framework should be considered. Inter-point feedback, such as co-phasing factor, should be further evaluated. PUCCH format 3 could be evaluated to relax the capacity constraint of PUCCH based CSI feedback.

Proposal #3: The solutions from the CA area could be evaluated to deal with the addition/removal of a point to/from a cooperating set.

Proposal #4: SPS-based periodic CSI feedback should be evaluated.
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