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1 Introduction

In RAN1#66bis, the working assumption was agreed that multiple non-zero-power CSI-RS resources can be configured for a Rel-11 UE by dedicated signaling at least for CSI feedback.  In RAN1#67, configuration of multiple non-zero-power CSI-RS resources with UE-specific initialization scrambling sequence was agreed.  This paper discusses the detailed procedures for triggering CoMP configuration, detection and determination of CoMP cooperating set, configuration of CoMP measurement set and reporting set, and mobility procedures for CoMP.  
2 CoMP Operations
CoMP operations include triggering of CoMP configuration, UE requirements for CoMP transmission point detection and acquisition, E-UTRAN requirements for time alignment of transmission antenna and synchronization, configuration of CoMP measurement set, reporting set, and cooperating set, and UE mobility management.  Since CoMP involves multiple Tx/Rx points, the UE time tracking of the transmission points in the cooperating set is also critical in the CoMP operation.     
2.1 CoMP configuration and reconfiguration
The initial step of CoMP operation is the triggering of CoMP configuration.   Since the UEs that can benefit from CoMP are those UEs that are in the coverage area of multiple transmission points, the serving cell needs to know the channel quality of the links between the UE and each transmission point.   There are several ways in which the channel quality of these links could be obtained:
· DL RSRP measured by the UE – If a TP has its own cell ID, the DL RSRP measurement can provide a suitable indication of radio link quality for determining whether to associate with the TP, in the same way as existing UE mobility procedures.   For the case when TPs share the same cell ID,    there are proposals to specify a new RSRP measurement based on CSI-RS [4].  Each UE would be configured with a “Candidate set” of non-zero power CSI-RS resources (corresponding to the TPs in its vicinity).  For example in Figure 2, the UE could be configured with non-zero power CSI-RS resources of all TPs in the vicinity (e.g., CSI-RS-1, CSI-RS-2, CSI-RS-3, CSI-RS-4, CSI-RS-5, and CSI-RS-9). One way to achieve this is to configure the CSI-RS resources corresponding to all the TPs of the UE’s current cell (for example MeNB-1 could configure CSI-RS-1, CSI-RS-2, and CSI-RS-3 for the UE in Figure 2, and to use an existing event trigger mechanism, such as Event A4, to include additional CSI-RS resources from a neighboring cell. The UE will measure RSRP from all the configured CSI-RS resources and trigger reporting events when the defined condition is met.  The candidate set of CSI-RS resources would be updated when the UE moves to a different coverage area.  The advantage of this approach is that UE RSRP measurements would be available from all potentially relevant TPs. However, since rate matching would be performed around all configured CSI-RS resources (including both zero and non-zero power CSI-RS resources), the overhead from excluded REs in the CSI-RS subframe could become high if the number of configured CSI-RS resources were too high.  
· UL signals measured by the eNB -  Each Rx point could measure the channel quality of UE UL transmissions, such as SRS or PUCCH as the reference for the determination of CoMP configuration.  The eNB could in this case configure a minimal set of CSI-RS resources for CSI measurement and feedback.  In the example of Figure 2, the eNB would configure just CSI-RS-1 and CSI-RS-2 for the UE.  There would be no RRM-like measurement reporting overhead and minimal rate-matching overhead.  However, the eNB needs to perform UL measurements in a large area.  
· Combination of CRS-based DL RSRP and UL SIR – In combination, the E-UTRAN could use CRS-based neighbour cell RSRP measurements to determine when to configure some CSI-RS from a neighbour and  could then determine which CSI-RS resources to configure within the neighbour cell by detection of the UE location from UL signals.  
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Figure 2: CSI-RS resources and UE associations in CoMP configuration
Observation: E-UTRAN needs information about the radio link qualities from candidate Transmission Points to set a suitable CoMP configuration for the UE.   The radio link quality information could be measured by the UE, the eNB, or a combination of both.  It is desirable to avoid excessive overhead from configuring tmore non-zero and zero power CSI-RS resources than necessary.   
The CoMP candidate set will  need to be reconfigured as the link qualities between the UE and TPs change when the UE moves relative to the TPs.  The procedure would be similar to that of the initial CoMP configuration.  Figure 3shows an example of a change of CoMP configuration with UE mobility.   The serving cell could detect the UE moving away from a TP from the CSI feedback, RSRP measurements, or UL measurements, and trigger a reconfiguration to remove the TP from the CoMP measurement set.     

If RSRP based on CSI-RS were to be used for CoMP reconfiguration for TPs with the same cell ID, the candidate set of neighbouring TPs would need to be provided to the UE in order for the UE to detect and acquire the TP. Knowledge of the UE’s direction of mobility could assist the E-UTRAN in providing this information.       

Alternatively,  the CSI-RS resources of  all possible TPs (e.g, super set of TPs) in the cell needs to be configured the UE to detect.    The UE would trigger a  request for CoMP reconfiguration when it moves into the vicinity of a TP.   When RSRP based on CSI-RS is used for CoMP reconfiguration for TPs with same cell ID, it could form a two-stage mobility procedure for the UE (CRS-based at the cell level and CSI-RS based at the TP level):  UEs would measure RSRP based on CSI-RS to determine the CoMP set reconfiguration for mobility around TPs with same Cell ID and RSRP based on CRS for mobility between TPs with different Cell ID.  
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Figure 3: Change of CoMP cooperating set by UE mobility
Observation:  UE mobility would lead to CoMP reconfiguration of cooperating set.  Between different cell IDs, existing mobility mechanisms based on Event triggering could be used for triggering of reconfiguration.  For TPs with the same cell ID, CSI-RS based RSRP measurements and/or UL measurements could be used. 
2.2 Detection and Acquisition of Transmission Points

One of the critical points is the UE capability in detecting and acquiring the reference signals of each transmission point when multiple CSI-RS resources are configured for the specific UE.   In LTE, the UE’s detection of the cell is autonomous and in two stages, with SCH first then CRS.   The performance requirements of UE’s capability of cell detection mode specified in [2] are based on the Es/IoT of SCH for intra-frequency measurement in CONNECTED mode and both SCH Es/IoT and RSRP for the IDLE mode and inter-frequency measurements in CONNECTED mode.   Same principle of UE detection of neighboring cells should apply to the detection and acquisition of Transmission Points.  If the TPs have different cell IDs, we could apply the current UE detection and acquisition procedure of in LTE when multiple CSI-RS resources are configured in the CoMP configurations.  The performance requirements of cell detection in CONNECTED mode are further study.   This could apply to CoMP scenarios 1, 2, and 3.  However, the UE detection of cell could not apply to the TPs with same cell ID as in CoMP scenario 4.   
UE detects configured the CSI-RS in a CSI-RS subframe in a similar way to UE detection of PSS/SSS on SCH.  The configured CSI-RS resources within a cell are signalled to the UE.  Since there are no PSS/SSS for the UE to acquire, UE needs to set a finite interval to search for the timing of CSI-RS for each TP.  The specification needs to define the Tx antenna time alignment requirements (for different TPs whose CSI-RS the UE is expected to measure). The Tx antenna time alignment requirement can be used at the UE as the reference for the detection window setting.  In addition, new performance requirements for RSRP measurement accuracy on CSI-RS and the time to obtain a measurement under defined Es/IoT conditions in CONNECTED mode will need to be specified in [2].  As a UE moves close to/away from any TP, it will monitor the CSI-RS resources with which it has been configured, and it can trigger reporting events when the detected signal strength of any of those configured CSI-RS resources crosses a relevant threshold.  
Observation:  UE detection and acquisition of CSI-RS resources which are transmitted from antennas collocated with the PSS/SSS antennas 
similar to the cell detection and acquisition during cell search or handover.  For CSI-RS resources which are transmitted from antennas that are not collocated with the PSS/SSS antennas, additional requirements of time alignment of antenna between TPs in a same cell are essential for TP detection, 
2.3 Time Tracking and Receiver Front End Processing of Transmission Points
UE needs to track the time of each transmission point if multiple CSI-RS resources are configured for measurement and measurement reports after the UE detects and acquires the coarse timing of the transmission point.  CoMP schemes require Tx from different TPs in the same time or different time, such as JP or DPS, needs to perform time tracking for each TP.   In addition, UE also requires to have multiple receiver front end processors in parallel with each allocated for TP for measurement, measurement report, and data receptions.  
Observation: Multiple time tracking and receiver front end processing are required when multiple CSI-RS resources are configured for CoMP scheme required Tx form different TPs in the same time (JT) or different time (DPS)
3 Conclusions
This paper discussed the general procedures of CoMP operation, which triggering of CoMP configuration, detection and acquisition of transmission points, time tracking and receiver processing, and UE mobility and CoMP reconfiguration.  Our observations are as follows,
1. E-UTRAN needs information about the radio link qualities from candidate Transmission Points to set a suitable CoMP configuration for the UE.   The radio link quality information could be measured by the UE, the eNB, or a combination of both.  It is desirable to avoid excessive overhead from configuring more non-zero and zero power CSI-RS resources than necessary.   

2. UE mobility would lead to CoMP reconfiguration of cooperating set.  Between different cell IDs, existing mobility mechanisms based on Event triggering could be used for triggering of reconfiguration.  For TPs with the same cell ID, CSI-RS based RSRP measurements and/or UL measurements could be used. 
3. UE detection and acquisition of CSI-RS resources which are transmitted from antennas collocated with the PSS/SSS antennas similar to the cell detection and acquisition during cell search or handover.  For CSI-RS resources which are transmitted from antennas that are not collocated with the PSS/SSS antennas, additional requirements of time alignment of antenna between TPs in a same cell are essential for TP detection, 
4. UE mobility would potentially lead to reconfiguration of the CoMP candidate set.  For TPs with different cell IDs, the existing mobility solution based on Event triggering could be used for triggering of reconfiguration.  For TPs with the same cell ID, CoMP reconfiguration triggering could be based on the channel quality of UL received signals at each TP.  
5. Use of CSI-RS based RSRP measurement may be a useful mechanism to support the triggering of CoMP reconfiguration and mobility if the issues highlighted in this paper are addressed.
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RRH3Figure � SEQ Figure \* ARABIC �1�: CSI-RS resource and UE association in the CoMP configuration-1
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�This is critical point for UE detection.  The UE could not detect CSI-RS directly without any informaiton.  





MB: I agree; the same is true for both same cell ID and different cell ID. 





FCC: It only applies to different cell ID.  The UE could not detect CSI-RS
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