

Jan 15-19, 2011
Source:
Motorola Mobility
Title:
Overview of Coordinated Multi-Point Operation for LTE
Agenda Item:
6.3.1.2
Document for:
Discussion 

1. Introduction
The CoMP concept has received significant interest recently, given the following considerations:
1)  Interference incurred in network deployments with heterogeneous nodes and relays.

2)  Expectation of consistent performance at higher data rates regardless of location of the users in the cell.

3) Enhanced UE receiver capabilities and support of multiple antennas. Additional complexity may also be needed for some advanced CoMP schemes like multi-cell channel measurements and support of new feedback modes.
However, there are significant challenges to realize the potential gains as recognized from previous studies. In this contribution, we will discuss some high-level techniques.
2. Coordination Techniques 

CoMP schemes may require exchange of traffic data among transmission points, scheduling parameters, channel and interference information to effectively utilize the available resource in time, frequency and spatial domain from multiple-cells. Broadly, they can be categorized as i) Spatial coordination, where spatial channel information is used for minimizing interference and improve spatial multiplexing/beamforming gains and ii) Coordinated Scheduling based on transmissions in orthogonal/non-overlapping resources, by coordinating resources in time and frequency. 

2.1. Spatial Coordination 

Spatial coordination requires exchange of spatial channel information between nodes and support for additional measurements at the UE.  They can further be classified according to the latency of information exchange: 
High latency information exchange:  
Inter-eNB coordination may only support a high latency/low capacity information exchange over X2. CoMP techniques based on long-term channel tracking can be applied to antenna deployments with closely spaced ULAs or certain cross-pols with ULA component like 8Tx closely spaced cross-pol. The studies in Release-10 have shown that this information can be updated with latencies of up to a few seconds. CoMP schemes with high latency are further discussed in a companion contribution [3] and are in general more challenging from both performance and specification perspectives.
Low latency information exchange: 
Intra-eNB coordination allows low latency and high capacity information transfer and is also easier to meet synchronization requirements. Short-term channel tracking and spatial coordination schemes can be used and loss due to impairments can be minimized. For cells supporting smaller number of uncorrelated and un-calibrated antennas such coordination may be especially useful. Intra-eNB and intra-site coordination among the sectors/cells is certainly feasible with low latency and high capacity exchange under a centralized scheduler. RRH which is intra-eNB but inter-site can also support such high level of coordination. Multi-node joint precoding and scheduling can be used in this case, where a baseband unit can decide the best combination of UEs and the precoder weights for transmission from the multiple cells it controls, and then relay the physical layer signals to the corresponding physical antennas. This could lead to maximum gains from coordination. 
2.2. Coordinated Scheduling
Although spatial coordination allows further improvements, simple FDM/TDM based dynamic resource coordination can improve efficiency in some cases without spatial coordination. Especially with low-load, these schemes may be sufficient. Again, this would require exchange of certain traffic load/scheduler information. It seems this could be a good reference point for comparison to other co-ordination schemes.

3.  Coordination Scenarios

The revised SI on CoMP focused on three primary scenarios for CoMP techniques [2]. Below, we further discuss these cases.
3.1. Scenario 1: Coordination between Macro Cells (Inter-eNB or Intra-eNB)
Multiple macro-cells may be geographically separated or served by co-located antennas from a single site with a single eNB. This scenario is studied extensively for Release-10 focusing primarily on spatial co-ordination techniques like i) Joint transmission (intra-eNB) and ii) Coordinated beamforming, and showed limited gains from a system throughput perspective [2]. The main benefit of CoMP in this scenario could be to address cell-edge improvement. This may be more visible from studying realistic traffic models. As concluded by the group, study with non-full buffer traffic models and lightly loaded systems could show such benefits. 
3.2. Scenario 2: Coordination with RRHs (Intra-eNB and Inter-Site)
RRH deployments are beneficial as they provide more modular system architectures to suit the specific needs of deployments. Multiple RRHs are typically controlled by a single eNB under a centralized scheduler. Though the baseband and the antenna equipment are separated, they can be connected by a high capacity link which could also allow low latency coordination.  By good design of coordination schemes, significant gains in coverage can be achieved. For example, a deployment with multiple RRH connected by fiber to centralized baseband equipment is illustrated below. In this case, a UE is dynamically served by multiple RRH using joint coordination techniques.
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Clusters/groups of RRH can be configured as cell-portions in advance for measurement and feedback purposes. Further physical antenna ports of RRH can be mapped to orthogonal CSI-RS ports and UE feedback can be setup transparently based on measurements on CSI-RS. One option is to implement UE feedback as an implicit codebook extending the current codebook design philosophy. Performance gains are mainly due to the dynamic selection of antennas for the UEs. It is also possible to set up feedback for a cluster/cell portion determined by the eNB based on RRM measurements from the UE. 
3.3. Scenario 3: Coordination across different cell layers (Inter-eNB)
Different cell layers in a heterogeneous network with overlay present some harsh interference which can be mitigated by coordination techniques. However, interference avoidance schemes are more practical in these scenarios as opposed to joint transmission techniques. eICIC schemes could allow TDM/FDM coordination  in a semi-static fashion and respond to varying traffic loads, node placement, channel conditions etc. Further, more dynamic coordination with CoMP may be investigated to see if additional gains can be achieved. 
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Moreover, the capabilities of smaller nodes in a heterogeneous network limit the flexibility of coordination.  Coordination schemes that use a combination of both spatial and FDM/TDM coordination can be considered. As an example, a macro cell may transmit in ABS subframe, by taking advantage of the spatial suppression to reduce interference to pico UEs, thereby improving system performance. 

4. Conclusions

From our discussion, we recommend the following as a good trade-off of specification effort and potential performance gains.
1) Prioritize joint processing type of techniques targeting scenarios with i) intra-eNB coordination for macro cells and ii) RRH and distributed antenna deployments.
· Study aspects including CSI-RS based measurement set-up, cell-portion/cluster definitions, codebooks and CQI feedback.

2) Study additional gains possible from co-ordination with constraints on latency and capacity of information exchange for inter-eNB and heterogeneous network scenarios 
· Coordinated scheduling type CoMP schemes using dynamic TDM/FDM coordination techniques can be studied as a baseline.
· Consider partial spatial coordination along with dynamic TDM/FDM coordination techniques for heterogeneous network scenarios.
· Study aspects including distributed scheduler operation, impairments due to latency and backhaul bandwidth limitation, CSI-RS based measurement set-up, coordinating set definitions and CQI feedback.
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