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1 Introduction
In RAN1#54, a text proposal for RAN1 TR on LTE-Advanced was approved [1] and the group has reached a general consensus on downlink coordinated multi-point (CoMP) transmission and uplink CoMP reception. However, definition of the terms used in CoMP, such as cell, site and point [2][3][4][5], and classification of the coordination flexibilities were inconsistent in different contributions. To continue the CoMP discussion, it is necessary to align the terminology used in CoMP. 

This contribution clarifies the CoMP terminology of and the relationship among eNodeB, cell, site, and Remote Radio Unit (RRU). Then, different types and functionalities of cell/RRU are given. In addition, we discuss the detailed categories of downlink CoMP for the text proposal.
This document is a revision of a previous contribution [9]. 

2 Discussion
2.1 Network topology and the definitions of RRU and cell
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Figure.1 Network topology of CoMP System
As shown in figure 1, there are two types of nodes in the CoMP radio access network topology:

· eNodeB: The enhanced NodeB as defined in 3GPP release 8 [6].
· Radio Remote Unit (RRU): The transmission and reception point in [1] is named as Radio Remote Unit (RRU) for convenience. RRU is a physical node which, corresponding to one sector, at least consists of one or more antenna elements located at the same position, which is known as site, and is subject to the same large scale fading. Different RRUs are either geographically separated or sectorized (e.g. in 3 sector/site case, RRU is the unit that generates a sectorized beam.) Note that the reason to bring in RRU is to clarify the composition and characteristics of the coordinated nodes in CoMP system. Thus we are moderately open to other terminologies with similar intention.
One UE may be served by one or multiple RRUs from the same or different eNodeB’s simultaneously. In the approved text proposal [1], it’s agreed that from a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs, i.e. a cell carries an air interface identity such that a UE can distinguish one from another.
· Cell: According to 3GPP R8 [6], cell is an air-interface concept and is identified by a physical-layer cell identity, which is detected by UE during the cell search procedure based on Primary Synchronization Channel (P-SCH) and Secondary Synchronization Channel (S-SCH). 
According to [6], cell identity determines the common control channel and cell-specific reference signals.  For backward compatibility in CoMP system for legacy UEs, it is desirable to maintain the LTE R8 cell definition and the relevant physical procedure. To support inter-cell coordination for LTE-A UEs, it may be necessary to specify the anchor cell and serving cells for each UE, which was also introduced in [7]:

· Anchor cell: each UE at least has one anchor cell, where the UE detects the system information and its dedicated control signaling of multi-cell coordination information.
· Serving cells: the cell(s) that transmit the PDSCH(s) for one UE.
Note, eNodeB and RRU are equipment/entities, while cell is a concept on the air interface. In the CoMP network, each eNodeB contains one or multiple cells, and each cell contains one or multiple RRUs. The UE is capable of identifying cells, but RRUs in many cases may be transparent to UEs.
The terminology “site” and “sector” are widely used in the system simulation, but were not specified in 3GPP. There is no need to specify site and sector in 3GPP for LTE-Advanced.
2.2 Downlink coordinated multi-point transmission
The text proposal approved in RAN1#54 gives two examples of the downlink coordinated transmission schemes: coordinated scheduling and/or beamforming, and joint processing / transmission.

Since 3GPP R8 only specifies that UE is able to identify a cell in the air interface, before reaching further agreement on CoMP in 3GPP, RRU maybe be transparent to UEs in many cases. Thus it would be good to classify the CoMP flexibility according to cells rather than RRUs. Coordination flexibilities in downlink are multiple, including the number of antenna elements per RRU, the number of RRUs per cell and the number of coordinated cells. In addition, the coordination can be done by scheduling, precoding/beamforming, spatial multiplexing / diversity, joint transmission with interference pre-cancellation, etc., as detailed in the following:

· Type A: Intra-cell coordination
· coordinated scheduling and/or beamforming
· Interference management by scheduling/beamforming coordination among RRUs within one cell

· Fast RRU(s) selection within one cell, if one cell contains multiple RRUs

· Intra-cell joint processing /transmission, e.g. by precoding or beamforming
· Multi-RRU single-user spatial multiplexing / transmit diversity in one cell

· Multi-RRU multi-user joint transmission with interference pre-cancellation in one cell

Note that the intra-cell coordination applies to the scenario when there are multiple RRUs within one cell. This scenario has potential impact on radio interface specification related to network topology extension and RRU visibility. This deployment enables UE to utilize CoMP technology everywhere in a cell instead of cell edge and is beneficial for user throughput.
· Type B: Inter-cell coordination
· coordinated scheduling and/or beamforming
· Interference management by scheduling/beamforming coordination among cells 

· Fast cell(s) selection, with fast RRU(s) selection in each cell

· Inter-cell joint processing /transmission
· Single-user spatial multiplexing / transmit diversity among multiple cells

· Multi-user joint transmission with interference pre-cancellation among multiple cells

2.3 Uplink coordinated multi-point reception

With multiple distributed transmitting points, the current LTE reference signal may not be sufficient, as pointed out in [6], thus whether an additional reference-signal (RS) is necessary should be investigated for LTE-A CoMP. 
The study of the additional RS should include:

· The impact on channel estimation.

· The complexity of the scheduler and the loss of system performance due to constraints of sequence grouping: For example, orthogonal RS enables robust channel estimation for UL CoMP, but the current LTE scheme might need to be improved. In LTE, allocating different cyclic shifts to different cells to maintain orthogonality is possible, but requires scheduled resources in these cells to be of the same band and the same sequence group. In CoMP, it is desirable to minimize the impact on scheduling caused by involving increased number of geographically separated cells, as well as the loss of system performance due to the same sequence group.  

3 Conclusion

In this contribution, the network topology of CoMP system is depicted and the definition of Radio Remote Unit (RRU) and cell are clarified as following:

· RRU is a physical node which, corresponding to one sector, at least consists of one or more antenna elements located at the same position and is subject to the same large scale fading,. Different RRUs can be either geographically separated or sectorized
· Cell is a concept in the air-interface and is identified by a physical-layer cell identity
Detailed classification of downlink coordinated multi-point transmission is provided, and the benefit of increasing the number of orthogonal RSs in uplink to support uplink CoMP is discussed. 
4 Text proposal
We propose to capture the following text in Section 8 of TR 36.814 [8]:

--- Start Text Proposal ---
8 Coordinated multiple point transmission and reception
Editor's note: This section will capture techniques such as enhanced interference coordination and cooperative MIMO
Coordinated multi-point transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.
For backward compatibility, it is desirable to maintain the LTE R8 cell definition and relevant physical layer procedures. To support inter-cell coordination for LTE-A UEs, it may be necessary to specify the anchor cell and serving cells for each UE:

· Anchor cell: each UE at least has one anchor cell, where the UE detect the system information and its dedicated control signaling of multi-cell coordination information.
· Serving cells: the cell(s) that transmit the PDSCH(s) for one UE.
A cell consists of one or more Radio Remote Unit (RRU), where an RRU is a physical node which, corresponding to one sector, at least consists of one or more antenna elements located at the same position and is subject to the same large scale fading. Different RRUs can be either geographically separated or sectorized.
8.1
Downlink coordinated multi-point transmission
Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated RRUs transmission points. Examples Categories of coordinated transmission schemes include:
· Type A: Intra-cell coordination

· coordinated scheduling and/or beamforming
· Interference management by scheduling/beamforming coordination among RRUs within one cell

· Fast RRU(s) selection within one cell, if one cell contains multiple RRUs

· Intra-cell joint processing /transmission

· Multi-RRU single-user spatial multiplexing / transmit diversity in one cell

· Multi-RRU multi-user joint transmission with interference pre-cancellation in one cell
Note that the intra-cell coordination applies to the scenario when there are multiple RRUs within one cell. This scenario has potential impact on radio interface specification related to network topology extension and RRU visibility.  This deployment enables UE to utilize CoMP technology everywhere in a cell instead of cell edge and is beneficial for user throughput.

· Type B: Inter-cell coordination

· coordinated scheduling and/or beamforming
· Interference management by scheduling/beamforming coordination among cells 

· Fast cell(s) selection, with fast RRU(s) selection in each cell

· Inter-cell joint processing /transmission

· Single-user spatial multiplexing / transmit diversity among multiple cells

· Multi-user joint transmission with interference pre-cancellation among multiple cells

· Coordinated scheduling and/or beamforming

· data to a single UE is instantaneously transmitted from one of the transmission points

· scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

· Joint processing/transmission

· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

Downlink coordinated multi-point transmission should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signaled between eNodeBs.

Potential impact on the radio-interface specifications is foreseen in mainly three areas:

· Feedback and measurement mechanisms from the UE

· Reporting of dynamic channel conditions between the multiple cells transmission points and the UE

· For TDD, channel reciprocity may be exploited

· Reporting to facilitate the decision on the set of participating cells transmission points
· For TDD, channel reciprocity may be exploited

· Preprocessing schemes

· Joint processing prior to transmission of the signal over the multiple cells transmission points
· Downlink control signaling to support the transmission scheme

· Reference signal design

· Depending on the transmission scheme, specification of additional reference signals may be required.

8.2 Uplink coordinated multi-point reception
Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated RRUs points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact. What may be considered though is if uplink CoMP would benefit from improvement of uplink reference signals.
--- End Text Proposal ---
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