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1. Introduction

At the RAN1 #66 meeting, progress has been made on the evaluation of CoMP scheme. The main deployment scenarios for CoMP as for: [1]
· Scenario 1: Homogeneous network with intra-site CoMP
· Scenario 2: Homogeneous network with high Tx power RRHs

· 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
· Scenario 4: 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
Besides performance evaluation, another goal of the CoMP SI [7] is to identify the specification impact of CoMP.  This contribution presents our consideration on this issue.
2. The possible specification impact of CoMP 
Downlink CoMP transmission schemes include coordinated scheduling/coordinated beamforming (CS/CB), joint processing (JP) and hybrid category of JP and CS/CB. Joint processing can be further categorized into joint transmission (JT) and dynamic cell selection (DCS). In order to support these CoMP schemes and achieve performance gain from CoMP, we should investigate specification impact in the aspects of channel state information feedback, downlink control signal, synchronization error between CoMP transmission points, antenna calibration, SRS used for exploiting channel reciprocity and coordination delay.
2.1. Channel State Information Feedback
Different feedback schemes have been discussed such as implicit, explicit, and SRS-based feedback designs.   Further refinement is needed in Rel-11 considering different deployments scenarios and CoMP transmission schemes.  For multi-point feedback, feedback structure of CA can be reused for CoMP in some extent but feedback enhancements particularly for CoMP should be investigated (e.g. CQI feedback, CSI information between different cells, etc).  Also, we need to evaluate if the existing aggregation size is appropriate for CoMP.  If the size is further increased, some improvement schemes for resource utilization of CoMP feedback can be considered, e.g., how to do resource division of CSI feedback for different points or adjust the measurement set size more flexibly.
In CoMP, the strength of signal coming from serving cell and coordinating cells can vary.  In order to reduce feedback overhead, feedback accuracy associated with different points can be different.  Different overhead reduction schemes of feedback corresponding to coordinating points can be considered[2].    Examples of these schemes are different quantization levels for different coordination point, differential schemes, etc.
In the aspect of CSI feedback, we also need to consider accurate interference measurement.  In scenario 4, accuracy of interference measurement over CRS can be affected as there is potential mismatch on the interference conditions between CRS and actual transmission based on CSI-RS channel measurement.  Further study is needed to evaluate the benefits of introducing new standard support for interference estimation.

Proposal 1: Overhead reduction of feedback corresponding to coordinating points can be considered. Further study is needed to evaluate the benefits of introducing new standard support for interference estimation.
2.2. Downlink control signal/channel on CoMP
In email discussion after RAN1#65, the following potential downlink control signalling is identified to support DL CoMP schemes:
· CoMP sets
· CSI-RS configurations and Zero-power CSI-RS configurations for CoMP measurement set
· Transmission modes
· Reporting modes including related uplink channel configuration
· To resolve problems related to different CRS frequency shifts in different cells and the PDSCH/CRS collisions
· To resolve problems related to different PDCCH regions sizes in different cells
· Antenna ports and related scrambling sequences
Here we discuss signalling design in these aspects.

· CoMP set and CSI-RS configurations
CoMP sets can be divided into CoMP measurement set, CoMP cooperating set and RRM measurement set. In our opinion, CoMP measurement set is a subset of RRM measurement set. Meanwhile, CoMP cooperating set is a subset of CoMP measurement set.  Considering that UEs need to measure and feedback CSI of CoMP measurement set, CoMP measurement set is non-transparent to UE while CoMP cooperating set can be transparent to UE since it is DMRS based transmission.  Signalling of CoMP measurement sets can be done together with CSI-RS configurations.   

In scenario 4 of single cell with low power RRHs, CSI-RS configurations can be used to identify different coordinating points.  In CoMP scenarios 1, 2 and 3, since different points configured with different cell IDs and cell ID is one of factors used to generate CSI-RS, cell ID configuration information is also needed for CoMP UEs to measure channel over CSI-RS from coordinating cells.   Therefore, multiple non-zero-power CSI-RS configurations should be considered in the design of CoMP signalling.
Proposal 2: Multiple CSI-RS configurations should be considered for CoMP signalling.

· Transmission modes and reporting modes

Whether we have new transmission mode and feedback mode for CoMP depend on the CoMP DL control signalling design and supported feedback schemes.  This can be discussed after control and feedback signalling have been finalized.

· PDSCH/CRS collisions and misalignment of PDCCH
For CoMP transmission, PDSCH for a CoMP UE suffers interference from the CRS of CoMP coordinating points due to different cell-specific reference signal frequency shifts in scenario 1,2 and 3[3]. This can potentially cause significant performance degradation if this interference is ignored.  Possible ways to tackle this issue is puncture or rate-match the traffic data in PDSCH taking into account of CRS from CoMP coordinating points. Further evaluation is needed to decide whether standard support is needed.
For JP-CoMP, the starting position of the PDSCH for the CoMP UE might not be aligned among all CoMP transmission points.  A possible proposal is to semi-statically configure the UEs the CoMP PDSCH starting position through high-layer signaling.
Proposal 3: Semi-statically configure the UEs CoMP PDSCH starting position through high-layer signaling to align the starting position of PDSCH.
· Antenna port & scrambling sequences

In scenario 4, due to multiple RRHs and macro cell with the same cell ID, different points can configure the CoMP UEs the same DMRS sequence with the same nscid to achieve orthogonality of DMRS among different points, which can help channel and interference estimation. However, in the scenarios of RRHs with different cell ID, RRHs orthogonal DMRS can’t be achieved since different RRHS generate different DMRS sequence. To improve the performance of channel and interference estimation, virtual Cell ID can be included in CoMP high-layer signalling or physical layer signalling so that same DMRS sequence can be used among the coordinating cells.
In scenarios 3 and 4, DMRS port orthogonality can not be guaranteed among the users under different transmission points in the same macro coverage area when they are scheduled in the same time and frequency resources.   For example, macro transmission point can potentially cause severe DMRS interference to pico cell edge UEs.  Although when one layer transmission is used for each TP in scenario 4, coordination can be done such that DMRS port orthogonality can be guaranteed (by allocating DMRS port 7 and port 8).  However, when we have more than 1 layer transmission for each TP, the interference still exists.  Limiting the maximum number of transmission layers to one can cause performance degradation in these scenarios.  In order to achieve more cell splitting gain  orthogonal DMRS coordination should be supported at least up to 2 layers for each user. [4].
Proposal 4: Virtual Cell ID can be included in CoMP signalling to enable orthogonal DMRS among different coordinating cells.  
Proposal 5: More orthogonal DMRS ports should be considered in order to achieve more cell splitting gain.

· PDCCH channel enhancements
In CoMP scenarios, it is not sufficient to only consider the enhancement to traffic data. Enhancement to PDCCH should be investigated in the aspects of interference avoidance and capacity.  UE-specific RS based MU-MIMO/CoMP transmission can be used to enhance the spectral efficiency of the PDCCH transmission. R-PDCCH design philosophy could be reused for Release-11 PDCCH enhancement. The required changes to R-PDCCH due to different application scenario should be carefully investigated.
Proposal 6: In CoMP scenarios, enhancements to PDCCH transmission should be considered and corresponding  impact on standardization should be investigated.
2.3. The timing error between CoMP transmission point(s)
For DL JP, since multiple CoMP transmission points are located in different geographical position, ,the data transmitted from different points may not arrive at the CoMP UE at the same time. For example in figure1, even though the delay may not exceed the CP,  the time difference may cause more serious frequency-selective fading. For global-JT, the existing Rel-8/10 codebook may no longer have good match with the composite channel..  Meanwhile, different transmission points configured with different APs, the signal from which may accompany with different amplifications and phases. This possibly can cause the decrease of CoMP gain.  Some performance study was done.  If accurate synchronization between CoMbP transmission points can not be guaranteed, feedback enhancement like subband inter-point phase information should be considered.
Proposal 7: The accurate synchronization between CoMP transmission point(s) should be guaranteed or subband inter-point phase information should be fed back by UEs for achieving more CoMP performance gain.
2.4. Consideration on SRS Enhancement for CoMP
In order to gets more cell splitting gain in scenario 4, more SRS resources may be needed. Although A-SRS adopted in Rel-10 could partially help lessening the capacity burden of SRS resource,  Further study should be done to investigate whether the current SRS capacity is enough for new scenarios in Rel-11.
The potential to exploit channel reciprocity is often mentioned as the major difference of TDD and FDD when it comes to downlink transmission schemes such as CoMP that rely on CSI knowledge at the eNB. However, in practice it is necessary to consider accuracy of the channel reciprocity when it is under the interference of SRS among multiple coordinated points. Further study is needed in the aspect of interference avoidance among coordinating cell..  One possible mechanism to solve above two issues is to extend the RPF of 2 to 4[6] so that more orthogonal SRS resources are available.
In scenario 4, Antenna virtualization on CRS ports can be done for SFN type of combining among different transmission points.  However, it can potentially incur mismatch with the actual path loss experienced by SRS.  The accuracy of SRS power control may can be affected if the SRS is not targeted at all the points associated with CRS.
Proposal 8: Potential standardization effort is to enhance SRS in terms of capacity, interference mitigation and power control.
3. Conclusion

This contribution discusses the specification impact on CoMP. The proposals are summarized as below:
1. Overhead reduction of feedback corresponding to coordinating points can be considered. Further study is needed to evaluate the benefits of introducing new standard support for interference estimation.
2.  Multiple CSI-RS configurations should be considered for CoMP signalling.

3.  Semi-statically configure the UEs CoMP PDSCH starting position through high-layer signaling to align the starting position of PDSCH.
4. Virtual Cell ID can be included in CoMP signalling to enable orthogonal DMRS among different coordinating cells.  
5. More orthogonal DMRS ports should be considered in order to achieve more cell splitting gain.

6. In CoMP scenarios, enhancements to PDCCH transmission should be considered and corresponding impact on standardization should be investigated.

7. The accurate synchronization between CoMP transmission point(s) should be guaranteed or subband inter-point phase information should be fed back by UEs for achieving more CoMP performance gain.
8. Potential standardization effort is to enhance SRS in terms of capacity, interference mitigation and power control.
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