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1 Introduction

At RAN1#63bis, four CoMP scenarios were agreed for further study and system evaluation, as

·  Scenario 1: Homogeneous network with intra-site CoMP

·  Scenario 2: Homogeneous network with high Tx power RRHs 

·  Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage, transmission/reception points created by the RRHs have different cell IDs as the macro cell

·  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.

Among them, it is believed that scenarios 1&2 are very interesting for Homogeneous network and very important as promising scenarios for CoMP [1]

 REF _Ref285273059 \r \h 
[2]. In this contribution, we focus our discussion on the details of scenarios 3&4 to achieve consensus on the further study and system evaluation. With several low power nodes in the macrocell coverage, scenario 3&4 might prove useful for dense urban areas.
2 Scenario 3
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Figure 1 - Scenarios 3 for Rel 11 CoMP Study Item

Note: RRHs are the geographically distributed nodes that are connected to a BBU/eNodeB via high-speed cable/optical fibre, and the BBU/eNodeB jointly processes the signals from/to RRHs.

Scenario 3 is a very typical and important scenario in CoMP evaluation and it is very similar to macro/pico scenario in Heterogeneous network. The only difference is that there is low latency/high capability backhaul between RRHs and macrocell. So the solutions achieved in Heterogeneous network discussion can be easily extended. Some new schemes requiring a very powerful backhaul, such as CoMP-JT, should be evaluated. When coordination between different cell layers and within a cell layer is used in heterogeneous networks, non-uniform distribution of RRH should also be considered in addition to uniform distribution of RRH, considering the coordination capability of the selected cell groups.
· Interference Coordination for Data Transmission
In heterogeneous network, the interference from macrocell to UE served by RRH will be high. By using Rel 8/9 ICIC solutions, this issue could be mitigated, and Rel 10 eICIC could also be helpful. In another way, the problem can also be solved efficiently by coordination between macro cell and RRHs in this macro cell area. Hence, in Rel 11, CoMP in Scenario 3 could be an extension of frequency and time domain ICIC to the spatial domain. Thanks to the existence of low latency/high capability backhaul, the CSI and scheduling information can be exchanged among the macro cell and RRHs. Radio resource management could be more flexible and coordination could be used easily to enhance the coverage and eliminate the inter-cell interference. 

Moreover, the effect on inter-cell interference coordination by CoMP in homogeneous network has been demonstrated in the previous research. Hence the coordination should not be limited to be between the macro cell and RRHs. The coordination among the macro cells and RRHs within one macro cell or different macro cells should also be considered.
Proposal 1: For data transmission, CoMP solutions in scenario 3 should be an extension of frequency and time domain ICIC to the spatial domain.

· Evaluation Metrics
Scenario 3 has been evaluated a lot for non-CoMP mode in Rel 10 in the context of heterogeneous networks, which should be the baseline when evaluating CoMP system performance in this scenario. A meaningful performance metric could be the sum throughput and 5% UE throughput in the macro cell area, similarly as in Rel 10 heterogeneous networks study.

Proposal 2: The benchmark (non-CoMP) scenario should have the same topology as the CoMP scenario (same number of nodes, same number of antennas per nodes). The sum throughput of the whole area and 5% UE throughput should be used as performance metrics in scenarios where multiple transmission nodes provide the macro cell coverage with different cell IDs.
3 Scenario 4
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Figure 2 - Scenario 4 for Rel 11 CoMP Study Item

Scenario 4 is a network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell ID as the macro cell. Considering whether there is a real macro site, Scenario 4 can be categorized as Heterogeneous Network with both low power RRH and high power Macro cell, or Homogeneous Network with only low power RRHs, as shown in Figure 2.

Scenario 4-1 has the same network topology as Scenario 3, and the baseline and performance metric should also be same as non-CoMP mode in Rel 10 heterogeneous networks, i.e. with the same topology in terms of number and placement of nodes, and number of antennas at each node.

Scenario 4-2 has no macro site in the network. The baseline should be non-CoMP transmission in the same distributed low power RRH network. For performance metric, the sum throughput of the whole area and 5% UE throughput should be used.

Proposal 3: Scenario 4 could be further categorized into two sub-scenarios:

· Scenario 4-1: one high power macro site and low power RRHs have the same cell ID

· Scenario 4-2: only low power RRHs provide a macro cell coverage with the same cell ID

· It is FFS whether any, one or both sub-scenarios should be studied in Rel-11
Proposal 4: The benchmark (non-CoMP) scenario should have the same topology as the CoMP scenario (same number of nodes, same number of antennas per nodes). The sum throughput of the whole area and 5% UE throughput should be used as performance metrics in scenarios where multiple transmission nodes provide the macro cell coverage with the same cell ID.

· Reference Signals

The total number of antennas of multiple transmission points, which share the same cell ID, could be much higher than the maximum number of RS ports defined in Rel-10. How to allocate the RS port to the distributed transmission points should be studied, considering the coverage and channel estimation accuracy. Impact to the legacy UE should be considered for the efficiency and accuracy of CSI measurement, feedback and data demodulation. Whether it is transparent or not should be considered for both control channels and shared data channels.

Proposal 5: RS port allocation to distributed transmission points should be studied, and the impact to legacy UE on both control channels and shared data channels should be considered.

· Interference coordination for Data Transmission
To guarantee the coverage of the cell, the coverage of multiple transmission points should be overlapped, and radio resource can be reused by multiple transmission points, which makes the intra-cell interference complicated. With the help of CoMP, the intra-cell interference can be mitigated or utilized as the signals. Because of the different large fading from the different transmission points to one UE, all or part of transmission points in one macro cell area can be included in one coordination set. How to define the coordinated cell group should be studied. Channel reciprocity could be helpful to coordinate the interference and allocate the radio resources effectively. If intra-cell interference could not be entirely eliminated, additional scrambling for PDSCH should be used for UEs to identify its own reference signals, control and data.

Proposal 6: For data transmission, the method for defining the coordinated cell group should be studied. 

· Control Channel

Distributed transmission points sharing the same cell ID will serve all the UEs in the cell area. But one UE might be covered only by some of the transmission points. If PDCCH is transmitted by all the transmission points simultaneously, PDCCH capacity will be a limitation to the maximum number of served UEs in the cell area.

Because of the spatial isolation of RRHs, the time-frequency resource could be reused by the different transmission points, i.e. more UEs could be scheduled by the different RRHs on the same time-frequency resource than that in the case of co-located antennas. Distributed control channel transmission to UE could be considered to guarantee their coverage and capacity.
How to transmit other control channels (e.g. PBCH, PSS/SSS) to UEs in the whole cell area could also be considered. Possible re-design of control channel transmission should have low or no impact to the legacy UE data transmission and cell coverage.

Proposal 7: Distributed control channel transmission to UE should be studied to guarantee their coverage and capacity, and backward compatibility.

4 Conclusions

A discussion on the operation of scenarios 3 and 4 was provided in this contribution. Thanks to their topologies, both scenarios 3 and 4 are expected to provide CoMP gains. Scenario 3 is a promising extension of Rel-10 eICIC, where eICIC features can be reused to guarantee the performance of control channels, while CoMP techniques can provide enhancements to the PDSCH. It was observed that scenario 4 could require more specification work. More discussion is necessary to decide whether any, one or two of the sub-scenarios 4-1 and 4-2 should be further considered. In summary, the following proposals are made:

Proposal 2/4: The benchmark (non-CoMP) scenario should have the same topology as the CoMP scenario (same number of nodes, same number of antennas per nodes). The sum throughput of the whole area and 5% UE throughput should be used as performance metrics in scenarios where multiple transmission nodes provide the macro cell coverage with either the same or different cell IDs.

Proposals for Scenario 3

Proposal 1: For data transmission, CoMP solutions in scenario 3 should be an extension of frequency and time domain ICIC to the spatial domain.
Proposals for Scenario 4

Proposal 3: Scenario 4 could be further categorized into two sub-scenarios:

· Scenario 4-1: one high power macro site and low power RRHs have the same cell ID

· Scenario 4-2: only low power RRHs provide a macro cell coverage with the same cell ID

· It is FFS whether any, one or both sub-scenarios should be studied in Rel-11

Proposal 5: RS port allocation to distributed transmission points should be studied, and the impact to legacy UE on both control channels and shared data channels should be considered.

Proposal 6: For data transmission, the method for defining the coordinated cell group should be studied. 

Proposal 7: Distributed control channel transmission to UE should be studied to guarantee their coverage and capacity, and backward compatibility.
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