
TSG-RAN WG1 #54
R1-083229
Jeju, South Korea, August 18 – 22, 2008

Source:
Motorola
Title:
LTE-A Multiple Point Coordination and Its Classification
Agenda Item:
12
Document for:
Discussion 

1. Introduction

In TR36.913 [1], it is stated that LTE-Advanced should support higher downlink peak and sector throughput than LTE Rel-8. This requirement calls for an investigation of potential enhancements to the current single-point operation to include possible coordination between multiple points [2], each of which often consists of multiple antennas. 
In this contribution, several different types of multi-point (MP) coordination are described that include IC (Interference Control) and constructive transmission. The latter type of coordination, which further includes coherent and no-coherent across-MP transmission as either in SU-MIMO or MU-MIMO mode, is of particular interest here. Depending on the availability of channel information at each of the participating points, whether “global/local” (i.e., information on downlink channels to all or a subset of the MP antennas), various constructive transmission schemes can be treated as a constrained optimization problem.    
2. Definitions of Single-Point and Multi-Point Operations  
It is helpful to discuss the difference between single- and multi-point operations first: 
· Single-Point:  Refers to transmission or reception from antennas in “close proximity” (typically within a spacing of a few wavelengths such that all antennas are subject to the same long-term fading). Single-point transmission and reception has also been referred to as single-site operation. A single site often consists of multiple baseband, RF, and antenna systems, with each system being dedicated to serve one sector. Intra-site but inter-sector coordination is typically limited, not too different from inter-site operation (i.e., handover). Hence “single-point” may be a better term than “single-site” as the latter can also mean “multi-point” coordination within a single site.  

· Multi-point: Refers to transmission or reception from antennas not in “close proximity” (typically beyond the spacing of a few wavelengths such as all antennas may be subject to the different long-term fading). There are a few implementations that may all be referred to as “multi-point” operation:

· Intra-cell inter-sector coordination to serve UEs at the sector boundary 

· Inter-cell coordination to serve UEs at the cell boundary

· Multiple RF heads with centralized signal processing: eNB may choose to use geographically separated RF heads (e.g., corners of a building) to collect/transmit RF signals, but signal processing is still done in a centralized manner. The difference to traditional single-point operation is the larger-than-normal separation between antennas (or groups of antennas). 
· eNB and Relay Nodes coordination: RN may have a subordinate relationship to an eNB, instead of a peer-to-peer relationship as in inter-cell coordination
· eNB and home-eNB coordination: Similar to RN, home-eNB may or may not have a peer-to-peer equal status with regular eNB.
In MP operation, there are typically several participating points collectively serving a set of UEs each of who was attached to a single point (i.e., an anchor point) and would otherwise suffer from cell-edge interference if these points are not coordinated. Also, some UEs may still be better served in a single-point manner while other UEs, typically cell-edge UEs, maybe better suited for MP. Hence, from the UE perspective, it can switch from SP to MP operation or vice versa. Whether a UE needs to be aware of SP or MP operation is a key part of the study. From the eNB point of view, it can serve some portions of the UEs attached to it in a traditional SP fashion and at the same time, serves some other UEs via MP coordination with other points. 
3. Types of Downlink MP Coordination

Before discussing downlink MP, let us briefly discuss UL reception. In general, how multiple points are coordinated to decode the uplink transmission from each UE can be transparent to UEs. For example, in single-stream SIMO, it is possible to coherently combine antenna signals in the forms of either “full” MRC where signals received at antennas at all points are accessible and processed jointly (i.e., centralized signal processing), or “partial” MRC where only signals received at antennas at one point are accessible and processed at that point only (i.e., distributed signal processing). For partial MRC, further signal combining among multiple points at a later stage such as at the LLR level is also possible at a central decoder (e.g., a UE’s corresponding anchor point) after the LLRs are passed from other participating non-anchor points via backhaul. In the case of rank-2 uplink SU-MIMO or even MU-MIMO, depending on centralized or distributed signal processing, the reception processing and decoding can be carried out in a similar fashion. In general, eNB implementation and coordination is transparent to the UE.  It is also possible that multiple points participate in DL only, but not in UL, or vice versa. 
In the context of MP coordination for DL, the concept is to either intelligently control the level of destructive interference or turn it into a constructive signal, thus enabling more spectral-efficient transmission such as MIMO, supporting both single-user and multi-user. Possible ways for coordination among multiple points are:  
· Interference Control (i.e., ICIC concept supported in LTE Release 8)
By adjusting the transmit parameters of mutually-interfering points such that their transmit power, interference at a target UEs can be reduced to optimize the overall system throughout. Adjusting the power of each point includes the special case of assigning non-overlapping RBs to different UEs (i.e., setting the transmit power of all but the anchor point to be zero for a given RB). Basically, it is a fractional reuse scheme coordinated among multiple points. In this case, each individual point is not required to have any knowledge of the transmit symbols. At a UE, a typical requirement for supporting ICIC is the measurement and reporting of RSRP corresponding to each point.  
· Interference Randomization with hopping among MP. 
Instead of coordination to achieve non-colliding resource allocation, one simple kind of coordination is to make available to all points the information packet to be sent to each UE. So each point transmits a fully or partially redundant sub-packet to allow IR or Chase combining at the UE. The potential gain seems to come from interference randomization.     
· Constructive Transmission 
Interference control only mitigates the cross interference as seen by UEs, but cannot turn the destructive interference into something useful. So if synchronization of the content at the symbol level among multiple points is possible (i.e., all MPs are equipped with the same symbol content via exchanging the content in a synchronous network), multi-point simultaneous transmission can then occur to deliver more total transmit power to each UE. At the same time, “site” diversity gain can also be achieved.  In addition to symbol-level content synchronization, we can further categorize constructive transmission according to whether the amplitude and phase of the transmitted signal is coherent or not across all antennas among multiple points, i.e., 

· Coherent across MP: In this case, signal waveforms sent from all antennas can be coherently amplitude/phase adjusted to allow better delivery of signal power to the UEs and often at the same time mitigating the interference leaked to other UEs that are served simultaneously in an MU fashion. The complex-valued weights for all antennas across multiple points are derived in a centralized fashion (e.g., at anchor point) based on a single optimization problem from channel information to all antennas (i.e., “global” channel information). After the “global” weights are derived at the single-point, the weights for the antennas belonging to other points are conveyed from that point. Obviously, this kind of coordination has stringent requirements on the exchange of information via backhaul. Alternatively, the weights derivation can be done at each point according to the same rule based on the exact same set of global information so that the weights calculated in a distributed manner are essentially the same as if it was calculated at a single point.  

· Non-coherent across MP: In this case, coherent transmission among antennas within a single point is still possible, but only “local” weights are derived in a distributed manner, typically based on non-global information on channels. In the case of no channel information at a participating point for a target UE, open-loop rank-1 or 2 transmissions can still be helpful because constructive non-interfering signals are still sent from each participating points.  An SFN-type of MP coordination is a typical example of non-coherent, but still constructive transmission.     

4. MP Constructive Transmission Schemes Considerations
In addition to the ICIC mechanism which currently exists in LTE Release 8, it is envisioned that LTE-A needs to develop a mechanism to support constructive transmission that includes aspects in link adaptation (LA) such as switching and triggering between SP to MP, and pilot provisioning for both LA-related measurement/reporting and UE decoding in an MP context.  
4.1. SP/MP Triggering

Even though the decisions on whether a group of UEs will be served in an MP or SP operation, the number of participating points could be made among points in a manner transparent to UEs. The UEs may be required to assist the decision-making process by feeding back proper measurements.  Interference seen at the UEs from multiple points, such as the RSRP report used in ICIC, can be used to trigger a switch from SP to MP or vice-versa. This means cell-specific RS such as the ones in the first two symbols of the control region can be used, which could further mean that PDCCH transmission from the anchor point is done without coordination. Even though the discussion in this contribution focuses on data traffic (i.e., PDSCH), the benefit of MP coordination to control channel needs to be carefully considered as well.
4.2. MP Constructive Transmission based on Global/Local Channel Information
In MP operation with constructive transmission, multiple points can serve a single UE as in SU-MIMO, or serve multiple UEs simultaneously as in MU-MIMO as described below
MP-SU-MIMO:
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Figure 1.  Downlink multi-point SU-MIMO
Figure 1 shows K points with m antennas each serving a single UE with 2 receive antennas. Assuming the UE can estimate the channel to all points (i.e., the global channel H), it can derive the “global” rank-1 or 2 precoding matrix (i.e., W) which will be conveyed back to participating points for coherent constructive transmission, in which case all points transmit the same symbol-level waveforms with different amplitudes/ phases that are coherent among all antennas. Mathematically, the problem is no different than an SU-MIMO problem in SP setting, i.e.,  
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Various cases can be thought of, depending on 

· Observabillity of downlink channel at UE to participating points: The issue related to RS provisioning, i.e., their availability and usability. Of course, if a channel is not observable to a UE, it will (not?) be able to derive and recommend weights, and the channel information will not be available to any points.  

· UE feedback: Even in the case of accessible RS from all points, a UE may not send the feedback to all points, but rather its own anchor point, even though the message may contain information on channels to other points. It will be then up to the anchor point to share that information with other points. Also even in the case that the UE feedback is intended for all points, the message may not be decoded successfully at some points.  

Mathematically, all the variants can be treated as constrained optimization problem where the weights matrix W may not have all the degree of freedom. For example,  weights of the form 
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is used to reflect the operation that other points have no knowledge to derive the weights and thus a fixed default open loop transmission mode is taken. 
MP-MU-MIMO:
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Figure 2.  Downlink multi-point MU-MIMO
Figure 2 shows K points with m antennas each serving two UEs, each with 2 receive antennas. Assuming the two UEs can estimate the channel to all points (i.e., the global channel H1 and H2), UE #1/2 can derive the rank-1 or 2 precoding matrix (i.e., W1 and W2, respectively) and convey back to participating points for coherent constructive transmission, in which case all points transmits the same symbol-level waveforms with different amplitudes/ phases that are coherent among all antennas. Mathematically, the problem is no different than a MU-MIMO problem in SP setting, i.e.,  
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Similar to MP-SU-MIMO, observability of channel to all or some points at each UE and availability of such channel-related information at all/some points are two key operational considerations that will leads to various schemes that can still be deemed as a constrained problem of above. For example, the above expression indicates that precoding matrix to UE #1 and #2 are global weights that are likely derived jointly based global channel information (i.e., both H1 and H2). If it is known a priori that only the anchor points will serve a particular UE, then weights on non-anchor points are set to zero, i.e., 
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Even though non-anchor points do not participate in serving the other UE, deriving the weights based on channel information from the UE to other points may still be desirable to improve performance by minimizing the interference while maximizing the desired signal level.  

5. Conclusion

In this contribution, several different types of multi-point (MP) coordination are described that include IC (Interference Control) and constructive transmission. In addition to IC, it is recommended to study additional mechanisms to support constructive transmissions schemes for both SU-MIMO and MU-MIMO mode. Depending on the RS availability and usability from each of the points and whether a UE makes all or part of channel-related information available to all or some participating points, various constructive transmission schemes can arise that can often be treated as a constrained optimization problem.
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