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Downlink coordinated multiple point transmission
5.1
Terminology and definitions 
Editor's note: Definitions on CoMP categories/ sets may need to be updated as to reflect the agreed deployment scenarios.
Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points.
5.1.1 General terminology
· Point: Set of geographically co-located transmit antennas. Note that sectors of the same site correspond to different points.
5.1.2 CoMP scenarios
The following scenarios were selected for the evaluation of DL and UL CoMP:

· Scenario 1: Homogeneous network with intra-site CoMP, as illustrated in Figure A.1-1
· Scenario 2: Homogeneous network with high Tx power RRHs, as illustrated in Figure A.1-2
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell as illustrated in Figure A.1-3.
· 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 IDs as the macro cell as illustrated in Figure A.1-4.

5.1.3 CoMP categories
Each CoMP scheme may be categorized into one of the following categories.
· Joint Processing (JP): Data for a UE is available at more than one point in the CoMP cooperating set (definition below) for a time-frequency resource

· Joint Transmission (JT): Simultaneous data transmission from multiple points (part of or entire CoMP cooperating set) to a single UE or multiple UEs in a time-frequency resource 

· Data to a UE is simultaneously transmitted from multiple points, e.g. to (coherently or non-coherently) improve the received signal quality and/or data throughput
· Dynamic point selection (DPS): Data transmission from one point (within the CoMP cooperating set) in a time-frequency resource. The transmitting point may change from one subframe to another including varying over the RB pairs within a subframe. Data is available simultaneously at multiple points.

· This includes Dynamic cell selection (DCS)

· DPS may be combined with JT in which case multiple points can be selected for data transmission in the time-frequency resource.

· 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
· Semi-static point selection (SSPS): Transmission to a specific UE from one point at a time. The transmitting point may only change in a semi-static manner
· Hybrid category of JP and CS/CB may be possible.
· Data for a UE may be available only in a subset of points in the CoMP cooperating set for a time-frequency resource but user scheduling/beamforming decisions are made with coordination among points corresponding to the CoMP cooperating set. For example, some points in the cooperating set may transmit data to the target UE according to JP while other points in the cooperating set may perform CS/CB.
5.1.4 CoMP sets
· CoMP cooperating set

· Set of (geographically separated) points directly and/or indirectly participating in data transmission to a UE in a time-frequency resource. Note that this set may or may not be transparent to the UE. The CoMP cooperating set defines the coordination area in Annex A.

· Direct participation: point(s) actually transmitting data in the time-frequency resource

· Indirect participation: candidate point(s) for data transmission that do not transmit data but contribute in making decisions on the user scheduling/beamforming in the time-frequency resource.
· CoMP transmission point(s): point or set of points transmitting data to a UE

· CoMP transmission point(s) is (are) a subset of the CoMP cooperating set

· For JT, CoMP transmission points may include multiple points in the CoMP cooperating set at each subframe for a certain frequency resource.

· For CS/CB, DPS, SSPS, a single point in the CoMP cooperating set is the CoMP transmission point at each subframe for a certain frequency resource.
· For SSPS, this CoMP transmission point can change semi-statically within the CoMP cooperating set. 

· CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported as discussed in section 5.2.2
· 
· The UE reports may down-select points for which actual feedback information is transmitted

· RRM measurement set: The set of cells for which the RRM measurements are performed (already in Rel-8). Additional RRM measurement methods can be considered e.g. in order to separate different points belonging to the same logical cell entity or in order to select the CoMP measurement set.
5.2
Radio interface aspects  
DL CoMP should include the possibility of coordination between different points and/or cells. From a radio-interface perspective, there is no difference for the UE if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signalled between eNodeBs.

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

· Channel state information feedback from the UE and measurement mechanisms at the UE
· Reporting dynamic channel conditions between points in the CoMP measurement set and the UE
· For TDD, channel reciprocity may be exploited
· Reporting to facilitate the decision on the set of participating transmission points
· For TDD, channel reciprocity may be exploited

· Preprocessing schemes
· Coordination required prior to transmission of the signal over the multiple transmission points
· Reference signal design

· Depending on the transmission scheme, specification of additional reference signals may be required e.g. reference signals for interference measurements

· Control signalling design

· Downlink control signalling to support the transmission scheme

· Enhanced PDCCH and other DL control signalling performance improvements

New forms of feedback and signalling may be needed to support CoMP that are, for example, configured by RRC for a given UE.
Features and procedures defined in Rel-10 specification related to carrier aggregation and resource-restricted measurements may be reused for standardizing CoMP related downlink signalling, CSI measurement/feedback and CoMP set management in the specification. 
5.2.1 DL signalling support for DL CoMP
The following downlink control signalling may be required to support DL CoMP schemes:
· Downlink control signalling to support the transmission scheme

· Semi-static or dynamic signalling of relevant parameters, e.g.

· CoMP sets

· CSI-RS configurations and zero-power CSI-RS configurations for CoMP measurement set

· Configurations if new RS is applicable for CoMP measurement
· Transmission modes
· Reporting modes including related uplink channel configuration
· Control signaling to resolve problems related to different CRS frequency shifts in different cells and the PDSCH/CRS collision
· For efficient support of CoMP JP
· Control signalling to resolve problems related to different PDCCH region sizes in different cells

· For efficient support of CoMP JP
· Antenna ports and related scrambling sequences

· Control signalling for fast re-selection of points/cells
· Cross point scheduling
· Enhanced PDCCH and other control channel performance improvements, e,g

· E-PDCCH region to flexibly adjust (and possibly increase) the number of resources available for the control channel
· More REs can be assigned for control channels within a subframe. PDSCH resources could be re-assigned as E-PDCCH resources.
· The additional resource allocated could be either a plurality of OFDM symbols, and/or a plurality of RBs in the legacy PDSCH region.
· How to multiplex UEs on the newly allocated E-PDCCH region needs further investigation.
· Integration of operational aspects with legacy control and with enhanced control needs further investigation.
· MIMO/CoMP transmission to enhance the spectral efficiency of the PDCCH transmission in legacy PDCCH region and/or E-PDCCH region
· A part(s) of R-PDCCH design could be reused for a certain component(s) of Release-11 E-PDCCH. 
· Compact DCI format to reduce signaling overhead
· Other enhancements including e.g. the use of higher order of modulation can be considered
5.2.2 Channel state information feedback for DL CoMP
The three main categories of CoMP feedback mechanisms have been identified to be: 

· Explicit channel state/statistical information feedback

· Channel as observed by the receiver, without assuming any transmission or receiver processing

· Implicit channel state/statistical information feedback

· Feedback of a transmission format (e.g. CQI/PMI/RI) derived using hypotheses of different transmission and/or reception processing 

· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity. 
Combinations of all or a subset of the above three mechanisms are possible in the form of periodic or aperiodic reports.
For the CoMP schemes that require feedback, individual per-point feedback with or without complementary inter-point feedback is considered as baseline. Aggregated CoMP feedback is not precluded.
For the CoMP categories described in section 5.1.3, different feedback schemes may be applicable for different CoMP categories, or a single feedback scheme may enable support of more than one CoMP categories.
· CS/CB: CS/CB necessitates CSI feedback from multiple points. Inter-point phase information is not required making it possible to configure multiple CSI feedback instances, each of which follows existing CSI reporting specifications. The introduction of other CSI feedback methods is, however, not precluded. 
· JT: As part of the CSI feedback from multiple points, JT requires inter-point phase information which is a new specification aspect that needs to be defined. Additional information such as inter-point amplitude information, which is another new specification aspect, may be needed. Similar to CS/CB, enhancements or modifications to the existing per-point CSI reporting procedures are not precluded.
· DPS: Dynamic point selection requires similar CSI feedback as CS/CB in the sense that no inter-point phase information is required (some additional CQI report targeting other points may be needed). Similarly to the other schemes, optimizations to existing CSI reporting procedures are not precluded.
A common feedback framework may be considered for downlink CoMP, i.e, JT can be supported with CS/CB feedback with additional feedback of inter-point properties; DPS/SSPS can be supported as a special case of data availability of JT or CS/CB.
The UE CoMP feedback reports may contain CSI relative to one or more individual points in the CoMP measurement set. What points the UE reports are received at is a network implementation issue. The exchange of feedback reports between individual points, subject to backhaul limitations when applicable, is not precluded.

Feedback support for CoMP does not have to be confined to payload sizes currently supported by PUCCH operation.
The following possibilities should be studied for the “container” of the DL CoMP feedback:

· Expand the supported PUCCH payload sizes

· Use periodic/aperiodic reports on PUSCH
· Other enhancements such as e.g. increased PUCCH reporting instances
UE procedures for feedback reporting may also require changes. Especially it will need to be considered whether the 4 ms feedback processing time requirement is reasonable in light of any specified CoMP feedback techniques.
5.2.2.1 Explicit feedback
This section lists different forms of explicit feedback in support of DL CoMP. They are all characterized by having a channel part and a noise-and-interference part. 

Channel part:

· For each point in the UE’s measurement set that is reported in a given subframe, one or several channel properties are reported  

· Channel properties include (but are not limited to) the following (‘i‘ is the point index):

· Channel matrix (Hi) – short term (instantaneous)

· Full matrix Hi, or

· Main eigen component(s) of Hi

· Transmit channel covariance (Ri), where Ri = (sum{Hij†Hij})/J, j=0,1,2,…,J-1, (‘j’ spans over time and/or frequency)

· Full matrix Ri, or

· Main eigen component(s) of Ri

· Inter-point channel properties may also be reported
Noise-and interference part, e.g.,

· Interference outside
· The points reported by the UE

· CoMP transmission points

· Total receive power (Io) or total received signal covariance matrix

· Covariance matrix of the noise-and-interference

· Full matrix, or

· Main eigen component(s) 

It is noted that in case of explicit feedback, in addition to the actual feedback schemes there is also expected to be specification impact from revising current feedback testing methodology assumed by RAN4, which is developed for implicit feedback.
5.2.2.2 Implicit feedback
There are hypotheses at the UE and the feedback is based on one or a combination of two or more of the followings, e.g.:

· Single vs. Multi user MIMO

· Single cell/point vs. coordinated transmission 
· Within coordinated transmission: Single point (CS/CB) vs. multi-point (JP) transmission
· Within JP CoMP:
· Subsets of transmission points or subsets of reported points in the CoMP measurement set (JT)
· CoMP transmission point(s) (DPS)
· Transmit precoder  (i.e. tx weights) 

· JT: multiple single-point PMI and inter-point amplitude and/or phase information or multi-point aggregated PMI capturing coherent or non-coherent channel across reported points

· CS/CB and DPS: multiple single-point or multiple point PMIs capturing channel from the reported point(s) to the UE
· Other types of feedbacks may be considered, e.g. 

· PMI with finer quantization granularity than Rel. 8-10 PMI

· Wideband and subband based PMI feedback can be considered

· Receive processing (i.e. rx weights) 
· Interference based on particular tx/rx processing
· CQI feedback
· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points
· Wideband and subband based CQI feedback may be considered

· CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)
There may be a need for the UE to convey to the network the hypothesis or hypotheses used (explicit signalling of hypothesis to eNB). And/or, there may be a semi-static hypothesis configuration e.g. grouping of hypotheses (explicit signalling of hypothesis to the UE). And/or, precoded RS may be used to allow UE to generate refined CQI/RI feedback
5.2.2.3 SRS
This section considers issues relating to UE transmission of SRS in support of DL CoMP. UE transmission of SRS can be used for CSI estimation at multiple cells/points exploiting channel reciprocity. Enhanced SRS schemes may be considered for new scenarios and transmission mechanisms, including enhancement of multi-cell/point orthogonality, SRS capacity and SRS power control.
The associated CQI feedback(s) for the transmission point(s) in the CoMP measurement set may be needed, when SRS transmission for CSI feedback is used as a tool for transmission points to gather other CSI information. For CQI, Rel-10 CQI feedback (TxD based) may be reused, while other methods are not precluded. Also inter-point channel properties feedback is not precluded. 
5.2.3 Decision on CoMP sets
The management of the CoMP measurement set may be based on UL SRS/DMRS/PUCCH transmission and/or DL RRM measurements (e.g., RSRP/RSRQ information). Measurement based on CRS and/or CSI-RS may be considered.
The CoMP cooperating set and the transmission points would be determined in the higher layers based on the CSI measurement of points included in the CoMP measurement set. Depending on the level of coordination, the cooperating set could be determined at the RRC level or at the MAC scheduler level. 
5.2.4 DL Reference signal design

Further consideration on reference signal design can be in the following areas:
· Non-zero-power and zero-power CSI-RS have been introduced in Rel-10 for CSI measurement and reporting perspectives. CSI-RS may be re-used for CoMP to identify and measure the downlink channel status of multiple transmission points. Points can be allocated orthogonal resources avoiding mutual interference between the CSI-RS transmissions. New types of CSI-RS configurations may be considered to facilitate CoMP CSI measurements. Enhancements to CSI-RS for improved interference and/or timing estimation are not precluded.

· The reference signals for interference measurements for DL CoMP feedback may be considered.

· Enhancement of existing DMRS may be considered, e.g.

· DMRS orthogonality enhancement

5.3    Overhead in support of DL CoMP
Compared to Rel. 10, 

· DL overhead increase due to multiple CSI-RS and/or muting patterns may be expected. 

· UL overhead increase due to CSI measurement related to multiple points may be expected,  

· and/or UL overhead increase due to SRS transmissions related to multiple points may be expected.
Most of the CoMP schemes considered in this study rely on TM9 for PDSCH transmission for UEs beyond Rel-10. When comparing with baseline schemes, especially ones that are not based on TM9, the additional overhead of DM-RS and CSI-RS should be taken into account.
Due to the presence of CSI-RS REs in an RB, the puncturing of PDSCH transmissions may lead to some performance degradation for Release 8 and 9 UEs. Scheduling restrictions may be applied to avoid performance degradations,
5.4    Receiver implementation consideration aspects
Several MMSE receiver implementations are possible, depending on the degree of available interference information at the UE. It is generally understood that cell edge performance is improved when directional structure of the interference information is available at the receiver. 
Coordinated transmission in support of interference aware receivers may improve the UE interference estimation possibilities, leading to further improved cell edge performance. The signalling needed for such coordinated transmission techniques may require specification changes.
5.5    Inter/Intra-site backhauling support for downlink CoMP
In all scenarios described in Section 5.1.2, 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: 
· 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. Such backhauling links may include in-band relays, out-of-band relays or a combination.
For scenarios 2 and 3 described in Section 5.1.2, points may also belong to different eNBs. In this case, backhaul information exchanges may require some standardization support. Note that the case of a higher latency and limited capacity backhaul is most relevant for this deployment architecture. 
In all scenarios, it may be beneficial to leverage existing backhaul connections among macro eNBs (e.g., based on the X2 interface). This has the potential to mitigate interference conditions at the boundaries of RRH coordination areas. 
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Uplink coordinated multiple point reception
Coordinated multi-point reception implies coordination among multiple, geographically separated points. Uplink CoMP reception can involve joint reception (JR) of the transmitted signal at multiple reception points and/or coordinated scheduling (CS) decisions among points to control interference and improve coverage.
6.1    Terminology and definitions
< Note: e.g. definitions for joint receiver processing, etc>

· 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 (CS): user scheduling decisions are made with coordination among points corresponding to the CoMP cooperating set

6.2    Radio interface aspects 
< Note: describe potential impact to specification e.g. SRS, power control, etc. Recommendation is to consolidate all feedback/signaling aspect to this section like the DL CoMP section, since the text might be shorter>






UL CoMP should include the possibility of coordination between different RX points/cells for reception of data and reference signals from UEs. If inter-eNodeB coordination is supported, information needs to be signalled between the eNodeBs.

Enhancements to PUCCH may be considered to 

· improve resource utilization efficiency in the UL CoMP operation 
· avoid high inter-cell/point interference 
Enhancements to the DM-RS and SRS design may be considered to 
· increase the DM-RS and SRS capacity 

· improve the DM-RS and SRS reception

Enhancements to the uplink power control for open-loop as well as closed-loop operation may be considered including e.g. 
· path-loss determination reflecting the intended uplink channel
To ensure accurate reception of SRS at the coordinating points, further enhancements to the power control scheme for SRS may be considered.
Enhancement for the uplink timing advance control to support efficient JR CoMP operation may be considered
· including possible enhancement on RACH transmission
6.3    Overhead support of UL CoMP
< Note: add information and update according to release 10 specification>

< SRS, UL-RS, etc >

6.4    Inter/Intra-site backhauling support for uplink CoMP
< Note: add information and update according to release 10 specification>

< SRS, UL-RS, etc >

6.5    others
< Note: add information and update according to release 10 specification>

< SRS, UL-RS, etc >

