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1 Introduction
In 3GPP RAN #50 meeting, a revised CoMP study item was agreed for Release 11 [1]. Accordingly, in 3GPP RAN1 #63bis, work on the CoMP study item was initiated and the following four CoMP scenarios were agreed [2]:
· 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.
In 3GPP RAN1 #64, the evaluation methodology for both DL and UL CoMP was agreed [3-4] upon and details of evaluation parameters for scenario 3 and 4 were agreed in 3GPP RAN1 #65 [5]. The necessary evaluations were divided into two phases with the first phase being dedicated for scenarios 1 and 2 while the second phase is dedicated to scenarios 3 and 4. In addition to the evaluation work, it was recommended that each company study and summarize the potential impact on the specification if CoMP is included as a part of Release 11. This contribution summarizes Samsung’s view on the issue with emphasis on CoMP scenario 3 and scenario 4.
2 Specification Impact
In order to incorporate CoMP into Release 11, we envision that following areas have to be modified or enhanced:
· Support of multiple transmission points per UE

· Feedback for multiple transmission points
· Downlink transmission in multiple transmission points
· Power control for multiple reception points
The following subsections provide some details on the expected specification impact for each of the above areas.
2.1 Support of Multiple Transmission Points per UE
Current Release 10 specification supports the usage of multiple CSI-RS configurations per cell. This is possible through the adoption of UE specific CSI-RS configuration. Therefore, UEs belonging to the same cell can be allocated different CSI-RS and muting resources for their downlink operation in a transparent manner [6]. Additionally, the UE specific CSI-RS configuration allows multiple RRHs to be supported within the same cell ID as shown in Figure 1.
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Figure 1. Multiple RRHs being supported under the same cell ID.

Being able to support multiple CSI-RS configurations already allows Release 11 to support some functionalities of scenario 4. Although multiple RRHs can be supported within the same cell ID in Release 10, each UE is only capable of being configured for CSI-RS of a single RRH. Such a constraint puts limitations in supporting efficient CoMP operations since dynamic resource allocation and cooperation across multiple RRHs can at most be semi-static. For example, without the support of multiple CSI-RS configurations per UE, dynamic point selection, dynamic blanking of certain RRHs, joint transmission from multiple RRHs may not be efficiently implemented.
In order to support efficient CoMP operations, UEs in Release 11 should be able to measure CSI-RS transmissions from multiple cells. In terms of specification, UEs should be signalled with multiple CSI-RS configurations in an UE specific manner and in turn they should be able to generate/feedback the channel conditions based on these multiple CSI-RS configurations. Supporting multiple CSI-RS configurations per UE would require the definition of a measurement set which would essentially be a set of RRHs or CSI-RS configurations for which feedback needs to be generated. Such measurement set would be determined by the eNB and conveyed to the UE using RRC signalling along with other relevant control information.

Additionally, the specification should include mechanisms to provide mobility within the RRHs belonging to the same cell. In [7], two such approaches of mobility support for scenario 4 were discussed. One of the approaches was based on UL SRS transmissions while the other was based DL CSI-RS measurements. 
Observation: Specification needs to support the measurement and channel feedback of multiple CSI-RS configurations for a UE. Additionally, mechanism to support mobility between RRHs should be provided for CoMP scenario 4.
2.2 Feedback for Multiple Transmission Points

As mentioned in the previous subsection, multiple CSI-RS configurations should be supported for a UE. Accordingly, feedback needs to be designed to convey the channel status of multiple RRHs. For example, if dynamic point selection is supported, an indication of a UE’s preferred RRH(s) for downlink transmission should be conveyed to the eNB as a part of the channel feedback. If dynamic blanking is supported, a UE should provide feedback assuming multiple interference assumptions, as described in [8]. Additionally, if joint transmission is supported in the specification, a UE might need to feedback phase information connecting the precoding information on the individual RRHs. As described above with a number of examples, the actual specification impact on the feedback would depend on which CoMP scheme the specification is to be optimized for.

Another aspect that needs to be considered is the channel characteristics of scenarios 3 and 4. Being a heterogeneous network scenario, it is expected that the channel characteristics of the low power RRHs will be quite different from the channel considered in the previous releases. Some examples could be the large probability of line of sight components form low power RRHs, the relatively smaller delay spread from low power RRHs due to closer distances, and the large imbalance between different RRH links due to pathloss or transmission power differences. Therefore, it would be worthwhile to study if improved performance could be achieved by introducing codebooks targeting such channel characteristics. Additional discussions on the feedback can be found in [9].
Observation: Additional feedback information is needed to support CoMP. The exact details on what feedback information is needed depend on which CoMP scheme the specification is to be optimized for.
2.3 DL Transmission in Multiple Transmission Points
With the support of CoMP, RRHs can be adaptively assigned to a particular UE depending on the UE’s channel condition and the system’s traffic condition. For example, if the UE is located on the boundary of two RRHs and the resource utilization of the system is low, an eNB might decide that the wireless resources from multiple RRHs should be assigned to this UE. On the other hand, if the UE is close to a particular RRH and has a good geometry, the eNB might decide to only allocate wireless resources from a single RRH. In short, the transmission from the RRHs to the UEs should be such that efficient support of both multiple RRH transmission to a UE and single RRH transmission to a UE are provided. One of the issues that need to be addressed to achieve this is the DMRS randomization across multiple RRHs.

Currently, the DMRS defined in Release 9 and 10 for TM8 and TM9 is scrambled using a sequence generated from a cell specific initial state. Such an approach would result in DMRSs from different RRHs in scenario 3 to be scrambled with different sequences and achieve randomization. However, for scenario 4, the current method of scrambling would result in DMRSs from different RRHs using the same cell ID to be scrambled with the same sequence and possibly causing a problem in the downlink channel estimation performance. Therefore, in order to achieve randomization on downlink DMRS for scenario 4, a modified scrambling scheme that allows different RRHs to use different sequences would be needed.

Another specification issue that needs to be addressed is the treatment of different control regions and CRS frequency offsets for different cells involved in CoMP scenario 3. Since each RRH has its own cell ID, the REs available for PDSCH transmission may differ in location and size for each RRH. For example, 

· RRH1 has 2 CRS ports with v_shift set to n, control region size of 2 OFDM symbols, and scrambling sequence1 (dependent on cell ID1)

· RRH2 has 4 CRS ports with v_shift set to m, control region size of 3 OFDM symbols, and scrambling sequence2 (dependent on cell ID2)

Figure 2 shows an illustration of the available REs for PDSCH transmission for the above example:
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Figure 2. Available resource elements for PDSCH transmission.

If either dynamic point selection or joint transmission is employed, a UE with the above RRHs in its CoMP set would need to know whether the transmission of its PDSCH is from only RRH1, only RRH2, or both RRH1 and RRH2 in order to properly demodulate its PDSCH. From a specification point of view, this would require either a dynamic indication in the PDCCH or a semi-static configuration for a CoMP UE. Note that this indication or configuration of available PDSCH resource would not be required for scenario 4 since the RRHs are under a common cell ID.

Observation: For scenario 4, the specification needs to support a modified DMRS scrambling scheme to allow different scrambling sequences for different RRHs under the same cell ID. For scenario 3, the specification needs to provide an indication of the available PDSCH resources in case dynamic point selection or joint transmission is supported.
2.4 Power Control for Multiple Reception Points
There are some differentiating factors in the uplink when we consider the CoMP operation in Release 11 and the non-CoMP operation in Release 10. Similar to the cooperative downlink transmission from multiple RRHs, it is possible to have cooperative reception from multiple RRHs in the uplink. In addition, the set of RRHs which are cooperatively transmitting might not be the same set of RRHs which are cooperatively receiving. Therefore, the current power control mechanism which is based on the assumption that transmission point and reception point are collocated might not be valid for CoMP in general and might require modifications. Further discussions on the issue of power control for CoMP are provided in [10].

Observation: Taking into account the fact that multiple RRHs can cooperatively receive the uplink transmission, the current power control mechanism needs modification to efficiently support CoMP in Release 11.

3 Conclusion
This contribution summarizes Samsung’s view on the specification impact of incorporating CoMP scenario 3 and scenario 4 for Release 11. Following observations were made in relation to multiple RRH measurement, downlink transmission, channel feedback, and uplink power control:
· Observation1: Specification needs to support the measurement and channel feedback of multiple CSI-RS configurations for a UE. Additionally, mechanism to support mobility between RRHs should be provided for CoMP scenario 4.

· Observation2: Additional feedback information is needed to support CoMP. The exact details on what feedback information is needed depend on which CoMP scheme the specification is to be optimized for.

· Observation3: For scenario 4, the specification needs to support a modified DMRS scrambling scheme to allow different scrambling sequences for different RRHs under the same cell ID. For scenario 3, the specification needs to provide an indication of the available PDSCH resources in case dynamic point selection or joint transmission is supported.

· Observation4: Taking into account the fact that multiple RRHs can cooperatively receive the uplink transmission, the current power control mechanism needs modification to efficiently support CoMP in Release 11.
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