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1 Introduction
In 3GPP RAN #50 meeting, a new description [1] for the Study Item on coordinated multi-point (CoMP) operation for LTE Rel-11 has been approved. Among many promising CoMP schemes, we present our current view on multi-point transmission (MT) and coordinated scheduling/beamforming for Rel. 11.
2 Non-coherent multi-point transmission (MT)
Based on previous discussions, it would be important to consider the following conditions for coordinated multi-point operation in Rel.11: 

1) Minimizing X2 signalling. (e.g., constraints on backhauling need to be considered [2][3])

2) Improving cell-edge performance by adding simple functions.

Considering these aspects, we think that joint transmission through non-coherent MT would be more feasible for Rel. 11 than coherent joint transmission, which requires the exchange of scheduling and CSI information over X2 in addition to data forwarding. 

 In RAN1#55bis, RAN1 discussed control design [4] and decided that UE receives PDCCH only from a single cell.  However, PDCCH reception only from a single cell will increase X2 signalling to share scheduling and CSI information among coordinated eNBs. If the constraint on backhauling is critical, it would be worth considering independent PDCCH transmission from each cooperating eNB. We present here this approach for feasible MT minimizing X2 signalling in order to discuss long-term architecture for multi-point operation from the beginning of the Study Item. 
A. Advantages 

Non-coherent MT is useful mainly in the following cases.

1) Two eNBs (e.g., macro and femto eNBs) may use different CCs for interference coordination. The two eNBs can transmit different parts of data to a cell-edge UE using their own CCs, in order to increase user throughput. 
2) Two eNBs can transmit different parts of data to the UE simultaneously using the same frequency based on spatial division multiplexing (SDM). Since data from the different eNBs likely arrives at the UE with different angles of arrival and the first layer from each eNB usually has a large channel gain, joint transmission is expected to increase user throughput compared to single-user MIMO supported by a single eNB.
3) High-mobility UE may need continuous connection with a macro eNB to avoid frequent handovers. In this case, one HeNB can help macro eNB’s data transmission by transmitting a part of data to the UE without requiring complete eNB-to-HeNB handover.
B. Basic Control Scheme
Fig. 1 shows the basic control scheme for non-coherent MT. In this scheme, serving eNB (eNB1) copies and forwards all data to the cooperating eNB (eNB2). The cell-edge UE establishes connections with the two cells. From the network point-of-view, the UE may be attached to a single cell, the serving cell, which forwards data to the other cell. Thus, the connection established with the other cell may only include the radio bearer and may not include direct S1 bearer. The UE receives PDCCH from each cell and sends UL signalling to each cell independently as in Rel. 10 single-cell transmission. New UL signalling needs to be defined in which the UE requests each eNB to transmit a part of data. According to the new UL signalling, each eNB transmits the data part to the UE. After reception, the UE reorders the received data from the two eNBs.
In our view, it would be a practical way to extract and reorder data based on PDCP SDU, i.e., different cells transmit different PDCP SDUs. Since forwarding and reordering processes are similar in LTE handover, non-coherent MT could be supported without modifying and adding too many functions: Serving eNB only forwards data to another eNB. If a UE cannot receive signals correctly from one eNB, it would be effective that the UE requests the other eNB to send some PDCP SDUs through the new UL signalling .
C. Specification Impact
The followings are main specification issues for non-coherent MT in Rel. 11:
1) Allow UE to connect with multiple cells independently.
2) Allow eNB to forward the data to another eNB for another purpose than handover.
3) Design UL signalling in which UE requests each eNB to transmit a part of data (e.g., UL signalling indicates a pattern of PDCP SDU sequence numbers).
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Figure 1: Basic control scheme for non-coherent multi-point transmission.
In case of intra-cell joint transmission, X2 signalling is not involved and X2 signalling optimisation is not required anymore. Two approaches are possible:
· Keep the same MT approach as described above for inter-eNB joint transmission in order to reduce the specification effort

· Use more coherent joint transmission (e.g., transmission on the same resources) in order to obtain more gain from joint transmission at the expense of having two different approaches for inter-eNB and intra-eNB
3 Coordinated scheduling/beamforming
In scenarios where backhaul quality does not allow joint transmission due to too low throughput or too high latency, coordinated scheduling and beamforming can be helpful in reducing the backhaul requirements while still improving cell-edge performance. Data forwarding is not needed anymore since data is transmitted to a UE from a single cell. However, additional inter-eNB signaling must be defined in the inter-eNB CoMP case in order for coordinated base stations to share scheduling and precoding information. This information is used to dynamically and spatially mitigate the inter-cell interference in both downlink and uplink. Precoders of UEs scheduled on the same resources are chosen in order to avoid too high inter-cell interference. Enhanced feedback may be needed in downlink while an extended codebook may be required in uplink.
4 Conclusion 
This contribution considers CoMP operation for Rel. 11. In our current view, 

· Non-coherent multi-point transmission is a feasible scheme for Rel. 11 even for inter-eNB CoMP
· multi-cell connection, data forwarding from serving eNB to cooperating eNBs, UL signalling to indicate the required data part are necessary in Rel.11
· Coordinated scheduling/beamforming is an attractive CoMP technique with low backhaul requirement.
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