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1 Introduction
Coordinated multiple point (CoMP) technique has been discussed in RAN1 for several meetings, and a new work item “CoMP for LTE” was approved during RAN #53. CoMP related measurement requirements was discussed briefly in RAN2 #76 [7]. The focus of this contribution is to identify and discuss other issues/challenges that need to be addressed by RAN2 because of the new aspects introduced by CoMP, such as the generalization from cell to cell/point/port, and the impact of backhaul latency.

2 Background

2.1  CoMP scenarios, backhauling support and CoMP categories
The following scenarios were selected for the evaluation of DL and UL CoMP: [1]:
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 where transmission/reception points created by the RRHs have different cell IDs as the macro cell.
Scenario 4:
Heterogeneous 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.

In all scenarios above, points may be viewed as belonging to the same eNB or different eNBs. Those scenarios encompass different deployment architectures, depending on backhaul quality between points.  Two cases are being considered [1]: 
· Point-to-point fiber (zero latency and infinite capacity backhaul) applicable to scenarios 2, 3, 4.
· Higher latency and limited capacity backhaul applicable to scenarios 2 and 3.

Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. Each DL CoMP scheme may be categorized into one of the following categories [1]:
· Joint Processing (JP): Data for a UE is available at more than one point in the CoMP cooperating set for a time-frequency resource. JP may be further categorized into Joint Transmission (JT) and Dynamic Point Selection (DPS)/muting.
· Coordinated Scheduling/Beamforming (CS/CB): Data for an UE is only available at and transmitted from one point in the CoMP cooperating set (DL data transmission is done from that point) for a time-frequency resource but user scheduling/beamforming decisions are made with coordination among points corresponding to the CoMP cooperating set. The transmitting points are chosen semi-statically.

· Hybrid category of JP and CS/CB.
Uplink coordinated multi-point reception implies coordination among multiple, geographically separated points. Each UL CoMP scheme may be categorized into one of the following categories [1]:
· Joint Reception (JR): PUSCH transmitted by the UE is received jointly at multiple points (part of or entire CoMP cooperating set) at a time, e.g., to improve the received signal quality.
· Coordinated Scheduling and Beamforming (CS/CB): user scheduling and precoding selection decisions are made with coordination among points corresponding to the CoMP cooperating set. Data is intended for one point only. 
2.2 CoMP and HetNet

Among the above four scenarios, Scenarios 1 & 2 are homogeneous network and have been studied in RAN2 before in 2009. Scenario 3 is a heterogeneous network, and it is a special case of HetNet deployment: a Macro-Pico scenario with a direct backhaul link between Macro and Pico. For example, the eICIC technique may be viewed as a preliminary CoMP solution under scenario 3. Figure 1 illustrates our view of the relation between eICIC and CoMP.
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Figure 1
eICIC and CoMP (Scenario 3)
If there is no coordination between Macro and Pico, the general Rel-8 solution applies to HetNet scenario. There might be strong interference from Macro to the victim UE at the cell-edge of Pico cell.

If there is some coordination between Macro and Pico, such as the eICIC technique first studied in Rel-10, some enhancement may be achieved to improve the UE experience at Pico cell edge.

If more coordination is done between Macro and Pico, better interference coordination/cancellation may be achieved.  This enhancement shall be studied in Rel-11 under CoMP scenario 3.
Because of the overlapping between CoMP Scenario 3 and HetNet, the solution of CoMP scenario 3 may take into account HetNet characteristics and consider the interaction with the progress and decisions made in other related HetNet study (e.g., HetNet mobility SI, FeICIC WI), e.g., on issues related to measurement requirements.
It is worth pointing out that the backhaul latency will impact the level of coordination that can be achieved and the effectiveness of coordination on performance improvement. In addition, Scenario 4 is also a HetNet scenario, with ‘point’ as the modeling unit instead of the existing ‘cell’.
3 Discussion
In order to control interference and enhance throughput efficiently, CoMP requires semi-static or dynamic coordination among multiple geographically separated points. Consequently, new challenges are identified for existing RAN2 mechanism. In this section, several issues are discussed regarding the impact of CoMP deployment, either on user plane or on control plane, and the discussion applies to all four scenarios unless specified otherwise. The discussion takes into account the distinction between DL CoMP and UL CoMP. Preliminary solutions or reference to previous study are provided as well.
3.1 User Plane Impact
3.1.1 DL CoMP MAC TB preparation

Downlink CoMP implies dynamic coordination among multiple geographically separated transmission points. MAC TBs for different transmission points need to be prepared coordinately, either centralized at one point, or distributed at individual points.
In CS/CB, MAC TBs at different transmission points are relatively independent because data for an UE is only available at and transmitted from one point in the CoMP cooperating set for a time-frequency resource. Thus MAC TBs may be prepared in a distributed manner.  

In JP, however, data for a UE is available at more than one point in the CoMP cooperating set for a time-frequency resource. Thus MAC TBs at different transmission points are closely coupled, and centralized preparation is preferable when possible. If the backhaul link is zero latency fiber, MAC TBs may be prepared at one point first, e.g., the primary point of CoMP, and then distributed to individual transmission points. If the backhaul link latency is non-negligible, preparing MAC TBs centrally at the primary point might not be accurate or efficient, due to the delay in channel condition feedback and MAC TB forwarding. Further study is needed to address the challenge.
Proposal 1: Centralized preparation of MAC TBs is preferable for CoMP JP with zero-latency backhaul link.
Proposal 2: Further study is needed on preparing MAC TBs for CoMP JP over backhaul links with non-negligible latency.
3.1.2 UL CoMP HARQ operation under JR
When
Joint Reception (JR) is in use by UL CoMP, the data transmitted by the UE is received jointly at multiple points, e.g., to improve the received signal quality. The received data at all coordinated reception points may be combined and decoded, or the decoded MAC PDU at individual points may be looked at jointly, and the decoding result, i.e., HARQ ACK/NACK, will be fed back to UE. Since coordinated reception points are geographically separated, data consolidation is needed over backhaul link for individual copies of the received PHY data, or the decoded MAC PDU at different reception points. Also, the decision and timing of sending out HARQ ACK/NACK will be more complicated than the single point reception scenario, especially when the backhaul latency is non-negligible.
If all coordinated reception points for one UE belong to the same eNodeB (intra-eNB), the received data can be jointly decoded within the eNodeB. However, if coordinated reception points belong to different eNodeBs (inter-eNB), the received data and additional information need to be forwarded over X2 interface. There are various options of whether and when to forward HARQ related data from one point to another point, as well as which type of data to be forwarded (e.g., physical data packet vs. MAC PDU if decoded successfully). The selection of the optimal solution should consider factors such as the latency and capacity of backhaul links, the error rate and delay spread over air interface, the overhead and complexity of the solution, etc. A brief discussion of the challenge was given in [2], and a more comprehensive study and comparison of various options was provided in [3].
Proposal 3: Further study may be needed on UL CoMP HARQ operation under JR, especially when the backhaul latency is non-negligible.
3.2 Control Plane Impact

3.2.1 Selection and management of CoMP sets
In order to select and manage CoMP cooperating set and transmission/reception point(s) properly, the network, e.g., the primary point, should obtain the channel condition of the links between UE and different points in order to optimize the physical layer transmission/reception quality, as already implied and briefly discussed in [1]. However, better physical layer transmission/reception quality does not necessarily guarantee better upper layer performance. For example, when selecting the DL CoMP cooperating set for a UE, the primary cell may consider both Point A (Cell A) and Point B (Cell B) as candidate CoMP secondary cell. It is possible that the channel condition between Point A and UE is slightly better than the channel condition between Point B and UE. However, the number of active users in Cell A might be much higher than that of Cell B. Consequently, Point A’s non-CoMP traffic load is heavier and will not be able to handle the CoMP traffic from the primary point in a timely manner. Therefore, the network should consider not only the physical layer channel condition but also upper layer resource availability between UE and different candidate points when selecting and managing CoMP sets. Examples of upper layer resources availability indicators include: available bandwidth for CoMP data, and required QoS level of CoMP data. The upper layer resource availability may be obtained by exchanging necessary information between points, such as the CoMP transmission capacity report suggested in [4].
Proposal 4: The selection and management of CoMP sets may consider not only physical layer channel condition but also upper layer resource availability between UE and different candidate points.
3.2.2 Measurement/calculation of UL channel condition for Scenario 3 and Scenario 4
Good knowledge of UL channel condition is essential for selecting and managing UL CoMP sets, and it may be helpful for handover procedure as well as other UL CoMP operations. In homogeneous network deployment, i.e., Scenario 1 and 2, the best DL transmission point for the UE is likely the best UL reception point for the UE. Thus DL channel condition measurement can be used to estimate UL channel condition measurements. However, in heterogeneous network deployment, i.e., Scenario 3 and 4, the best DL transmission point might not be the best UL reception point. That is, the point from which a UE receives the highest DL signal strength might not be the point which will receive the highest UL signal strength from the UE. Similarly, the ordered list of DL transmission points, based on UE’s received signal strength, might not be the same as the ordered list of UL reception points, based on the received UE’s signal strength. The discrepancy is due to the difference in transmission power between the macro cell (eNodeB) and pico cells (RRH). As a simple example of two cells illustrated in Figure 2, the path loss between Macro cell and UE is higher than the path loss between Pico cell and UE due to the difference in distance. However, the transmission power of the Macro cell is considerably higher than Pico cell. Thus UE receives stronger DL signal from the macro cell, while Pico cell receives better UL signal from the UE. Therefore, UL channel condition measurement/calculation has to be performed differently from DL channel condition measurement/calculation. Further study is needed regarding the measurement/calculation of UL channel condition under HetNet scenarios for the selection of potential reception points.
Proposal 5: Further study is needed on UL channel condition measurement/calculation under HetNet scenarios, i.e., Scenario 3 and Scenario 4, for the selection of potential reception points.
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Figure 2
UL/DL imbalances
3.2.3 RACH procedure during the primary reception point switch
The coordination among multiple geographically separated transmission/reception points poses new challenges to existing RAN2 framework. On the other hand, it also provides potential opportunities for optimization/simplification because of the information sharing among multiple points. The timing advance requirement during the primary reception point switch, for example, is very similar to that in the normal handover procedure in LTE. However, the operation for TA adjustment may be simplified if both source primary reception point and target primary reception point are within the CoMP measurement set, as long as the source primary reception point can get the TA information of the target primary reception point. More specifically, it is possible to complete a procedure of switching the primary reception point of uplink CoMP without RACH access, which was discussed in [5] and [6].

Proposal 6: The procedure of switching the primary reception point may be simplified and optimized if both source primary reception point and target primary reception point are within the CoMP measurement set, as long as the source primary reception point can get the TA information of the target primary reception point.
4 Summary
The issues/challenges identified below need to be further studied by RAN2, in order to support CoMP techniques:

Proposal 1: Centralized preparation of MAC TBs is preferable for CoMP JP with zero-latency backhaul link.
Proposal 2: Further study is needed on preparing MAC TBs for CoMP JP over backhaul links with non-negligible latency.

Proposal 3: Further study may be needed on UL CoMP HARQ operation under JR, especially when the backhaul latency is non-negligible.
Proposal 4: The selection and management of CoMP sets may consider not only physical layer channel condition but also upper layer resource availability between UE and different candidate points.

Proposal 5: Further study is needed on UL channel condition measurement/calculation under HetNet scenarios, i.e., Scenario 3 and Scenario 4, for the selection of potential reception points.
Proposal 6: The procedure of switching the primary reception point may be simplified and optimized if both source primary reception point and target primary reception point are within the CoMP measurement set, as long as the source primary reception point can get the TA information of the target primary reception point.
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